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 iv Abstract 

Abstract 
The last few years more and taller timber buildings have been developed. While concrete and steel 
are still the two major structural materials used for the construction of these kind of buildings, 
timber has found an opening in this market. Innovations and new knowledge of wood based 
products such as Cross Laminated Timber (CLT) are the reasons for this development.  

Most of the timber buildings are still low-rise buildings with less than ten storeys. There is an interest 
in also using timber for higher buildings, but almost all of the plans for buildings with more than 20 
storeys adopt concrete and/or steel to ensure the stability of the timber structure.  

The aim of this master thesis is to investigate whether it is possible to design a tall timber building 
with a structural system of at least 30 storeys tall that consists of only timber elements from ground 
level up. A structural system was designed for a case study building of 30 storeys in order to answer 
this question. The case study building has a footprint of 28.8 m x 28.8 m with a core structure, 14.4 m 
x 14.4 m, to facilitate the vertical transportation, and is 102 meters tall. The building is assumed to 
accommodate a combination of residential and office functions. The Kerto Ripa T floor system of 
MetsäWood is chosen for the floor system. 

During a variant study four structural variants were designed based on the case study building and 
they were compared to each other. The first variant has a core structure surrounded with a frame 
structure. The other three variants are based on the first variant, but have extra stability elements 
added to them: internal walls, external walls, and a truss structure on the perimeter. The structural 
variants design according to Eurocode 5 and are modelled with the SCIA Engineer software. The 
beams and columns are constructed of glue-laminated timber with cross-sections of respectively 300 
mm x 550 mm, and 650 mm x 650 mm. Cross-laminated timber panel with a thickness of 387 mm is 
used for the walls. 

The first variant does not meet the requirement on the lateral displacement at the top of the 
building, which is maximal 127.5 mm (H/800). The other variants with the added stability elements, 
however, do meet the requirement. The structural variant with the added internal stability walls was 
chosen as the optimal variant as it made the best utilisation of the strength capacity of the structural 
elements. For this variant a further elaborated study has been performed, including: fire safety 
design; connection design with their influence on the structural stiffness; and optimisation of the 
structure. 

The structure is for aesthetic reasons left in sight, but this is not a concern for the fire safety of the 
building. The structure can be a designed with enough capacity to meet the required fire resistance 
of 120 minutes. Dowel type connections are not a practical solution when no encapsulation material 
is used. Glued-in connections have to be considered. 

The influence of the connections on the stiffness of the structure is observed during the connection 
design. The new lateral displacement at the top became 76.5 mm, which is a difference of 10.8 mm 
with the value of the model where the slip in the connections was not taken into account. The main 
reason for this rather small difference is the near rigid HSK-connections between the CLT wall panels. 
Connection stiffness also has an influence on the also on the wind load distribution to stabilizing 
elements. Higher axial forces were found in the CLT walls panels. The capacity of the walls had to be 
increased to resist these forces. The maximal thickness of the walls and their axial capacity are, 
therefore, the main height limiting factor of this structural system. 

In general, it can be stated that it is possible to design a 30-storey tall timber building with only 
timber structural elements from ground level up. Much higher than 30 storeys will not be possible for 
the chosen structural system. For higher building than 30 storeys it should be considered to study 
other proposed structural variants of the variant study or to adopt a hybrid structure with concrete 
cores and a timber frame structure.  
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 2 Introduction 

1. Introduction 
A short introduction to this master thesis is given in this chapter, as well as the problem statement, 
the aim, the method of approach and an outline of this thesis.  

1.1. State of the Art 
The last few years more and taller timber buildings have been developed. While concrete and steel 
are still the two major structural materials used for the construction of these kind of buildings, 
timber has found an opening in this market. Innovations and new knowledge of wood based 
products such as Cross Laminated Timber (CLT) are the reasons for this development.  

There are some historical and recent examples of this development. Several completely timber 
structures have withstand the ravages of time, like the Sakyamuni Pagoda and the Gliwice Radio 
Tower. The Sakyamuni Pagoda in Yingxian, China, is the oldest, still standing timber building and it is 
67 meter tall.  

The realisation of Stadthaus, in London, in 2009 with nine storeys in timber, can be seen as the start 
of the trend of development of tall timber buildings. The title of tallest residential timber building 
changes owner quickly. The TREET in Norway had this title since November 2015, as it was the tallest 
with its 14 storeys. However, it already had to hand it over to the Brock Commons Students 
Residence, which is located in Vancouver, Canada, and has 18 storeys.  

Plans for timber towers with more than 30 storeys are proposed for multiple big cities like 
Stockholm, Paris, and Chicago, but their realisation will not be in the near future. Moreover, while 
the buildings with less than 10 storeys often use CLT for the wall elements, most of the higher 
buildings adopt concrete and/or steel to ensure the stability of the timber structure.  

In the Netherlands two high-rise timber buildings are realised and a third is in the planning stages. 
The first, the Malmö Hus in Almere, was built in 2008 with four storeys in timber. Patch 22 in 
Amsterdam is the other. It was completed in 2015 and six of the seven storeys are constructed in 
timber. The new tower HAUT will be 73 meter tall with 21 storeys, and is expected to be completed 
in 2019 in Amsterdam. 

 

   

Figure 1.1, Sakyamuni Pagoda 
(Gisling) 

Figure 1.2, Stadthaus (Will Pryce) Figure 1.3, Brock Commons Students 
Residence (University of British 
Columbia) 
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1.2. Problem Statement  
It is believed that 75% of the population will live in cities by 2040. More and bigger buildings need to 
be built to give all these people a home. At the moment, concrete and steel are still the two major 
structural materials used for the construction of these kind of buildings. However, during their 
production process, these materials contribute a lot to the consumption of energy and to 
greenhouse gas emissions. 

A part of the solution to global warming is to minimise the emission of greenhouse gases and the 
energy consumption. An option is to use a material other than steel or concrete. This can be wood as 
wood grows from the energy of the sun and stores carbon dioxide.  

Fire safety and acoustics have been reasons why people had their doubts on tall timber buildings. In 
several countries the Building codes even limit the height and maximal area of timber buildings. 
However, in the last decade it has been shown that there are good solutions for these issues and 
resulting height limits for timber buildings are unnecessary.  

Most of the timber buildings are still low-rise buildings with less than ten storeys. There is an interest 
in also using timber for higher buildings, but most of the plans for buildings with more than 20 
storeys use concrete and/or steel to ensure the stability of the timber structure. Timber buildings 
should be able to stand on their own as there are trees that can grow higher that 100 meter, which is 
equal to 30 storeys, and they have a much higher slenderness than buildings have.  

1.3. Aim and Research Question 
The aim of this master thesis is to investigate whether it is possible to design a tall timber building 
with a structural system that consists of only timber elements from ground level up. 

There already are plans for tall timber buildings with 34 or 35 storeys in height. However, these 
building plans incorporate concrete and/or steel elements to ensure the stability of the structure. 
They are also still far from being realised. Thirty storeys, therefore, seems to be a good target height 
for the structural system of this thesis. 

Lateral displacement at the top of the building in the Serviceability Limit State is expected to be the 
limiting factor for the possible height of a tall timber structure. Hence, it will be one of the focussing 
points of this thesis. The capacity of the structural elements is another focus point. 

The fire safety design of the building and the influence of the connections on the stiffness of the 
structure are also included to be able to determine if an all timber structure is possible for a building 
of at least 30 storeys tall. 

The research question of this master thesis is defined as: 

Is it possible to design a structural system for tall timber buildings with at least 30 storeys and with 
only timber structural elements from ground level up? 

1.4. Method of Approach and Thesis Outline 
This master thesis is build-up out of three main parts. The first is the literature study that has been 
carried out. It is presented in a separate report and consists of: state of the art of the development of 
tall timber buildings; structural wood based materials; timber connections; and relevant regulations 
according to building codes and standards. 

The other two parts consist of a variant study for the structural system and an elaboration of the 
chosen variant. To be able to compare the structural variants a case study building will used. The 
design of this building is given in chapter 2 and includes the height, floor plan layout, and the 
structural floor system. The layout of the floor plan of the building has to satisfy requirements on fire 
safety, daylight entry, and other requirements stated in the Dutch building code: “Bouwbesluit”.  



 4 Introduction 

Chapter 3 provides the variant study. Several variants for the structural system of the case study 
building are designed and are then modelled with the Finite element software SCIA Engineer. All 
structural elements above ground level must be made out of timber. Structural elements below 
ground level, basements and foundation, are assumed to be comprised out of concrete, but are not 
further elaborated in the thesis. 

The variants will be mainly compared on their structural stiffness and thus on the lateral 
displacement at the top of the building, but also on their strength capacity, and dynamic behaviour. 
In chapters 4 to 6 the chosen structural variant is further elaborated. Topics covered are the fire 
safety design, the connection design with their influence on the structural stiffness, and optimisation 
of the structure.  

The structure has to meet the requirements of the Eurocode in combination of the Dutch National 
Annex. The foundation of the structures is not considered in this thesis and assumed to be stiff. To 
still incorporate the effect of the foundation on the deflection is a maximal allowable deflection set 
on H/800, instead of the more commonly used H/500, with H being the height of the building. 
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 6 Case Study Building 

2. Case Study Building 
The case study building will be used as a basis for the different structural variants to give them an 
equal basis when comparing them. The layout of a typical floor within the building is designed and a 
floor system is chosen.  

2.1. Requirements 
In the graduation plan it was already stated that the case study building will be 30 storeys tall. It will 
have a square floor plan of approximately 30 meter by 30 meter, but the dimensions of the floor plan 
can change during the design process of the layout. As the building will be standing in the 
Netherlands, it has to satisfy the requirements stated in the Dutch building code: “Bouwbesluit 
2012”. The case study building accommodates a combination of residential and offices functions. 

2.1.1. Spatial Requirements 
The spatial requirements define the functions and the dimensions of spaces within the building. 
Table 2.1 gives the spatial requirements that are needed for designing a general layout for the floors 
of the case study building.  

Table 2.1, Spatial requirements 

Function  Number/ floor Surface area [m2] 

Apartments 3 – 6  65 – 200  

Offices  2 – 6  30 – 300  

Staircases  Min. 2 14 – 18  

Elevator  Min. 4 2.5 – 4 

Utility shafts Min. 2 3 

Utility rooms Min. 1 40 - 50 

 

The “Bouwbesluit” states that when six or more apartments are dependent on an elevator it has to 
be dimensioned at least 1.05 x 2.05 meter. Also, when a residential floor is located 20 meter above 
ground level the building has to have a fire-fighter elevator. Two staircases are required as more than 
150 persons will be using them as an escape route in the case of a fire. The width of the stairs needs 
to be at least 1.2 meter and a clear height of 2.3 meter is required above the stairs. The width of a 
passage route needs to be at least 1.5 meter. 

It is common to have a gross-nett floor area ratio between the 70 and 80% to keep the building 
economical feasible. This means that the stairwells, elevator shafts, utility shafts and rooms, cannot 
claim more than 20 to 30% of the floor surface. 

2.1.2. Fire Safety Issues 
“Bouwbesluit 2012” states requirements on escape routing and compartmentation that can have an 
influence on the layout of the case study building. The requirements on fire resistance can also have 
consequences for the materials that will be used for the structural elements and other building 
elements. 

Escape routing 
From every location in the building that is intended for persons, an escape route must start that 
leads outside of the building to neighbouring ground and from there to the public road. If the escape 
route starts in a subpart of the building and does not lead outside, it should lead to a neighbouring 



 

 
 

7 R.L. de Jong | Tall Timber Buildings 

compartment. The maximum length of an escape route to a neighbouring compartment is 30 meter. 
This is not the case when the route leads through a staircase area. 

If a compartment is resigned to more than 150 persons, two escape routes are required. From the 
point they exit the compartment where they start, they are not allowed to be located in the same 
fire compartment. The escape exits of a compartment must have a minimum distance of five meter 
between them. This is case for the case study building, so at least two staircases are needed. 

The distance to an enclosed entrance of a protected staircase, which has to overcome a height 
difference of 20 meter, is at least 2 meter through a separate protected escape route.  

The width of an escape route has to be at least 0.85 meter and the height is at least 2.3 meter. If a 
minimum area of 600 m2 is dependent on a staircase, that staircase has to have at least a width of 
1.2 meter. These dimensions are first indications. Finite minimum dimension are determined with 
the flow capacity, expressed in number of persons, and can be calculated using Article 2.108 of 
Bouwbesluit 2012. 

Compartmentation 
The maximum area of a fire compartment is 1000 m2. A fire compartment can be divided in several 
sub fire compartments. A residential or office building is allowed to have sub compartments with an 
area up to 500 m2. 

Each floor of the case study building will be seen as a fire compartment. The vertical transportation 
shafts are separate fire compartment. This way, the requirements on compartmentation are satisfied 
as the maximum size of a compartment will be around 700 m2. 

Fire resistance 
The “Bouwbesluit 2012” states that the fire resistance for structural elements is required to be at 
least 120 minutes when a floor of a residential area is located higher than 13 meter above ground 
level. In case the fire load in the fire compartment is not higher than 500 MJ/m², the required fire 
resistance can be reduced with 30 minutes. 

A fire resistance of 60 minutes is required between fire compartments to prevent fire spread. The 
fire resistance can be reduced to 30 minutes if no floor of a residential area is located higher than 13 
meter above ground level. This will not be the case for the case study building and a fire resistance of 
60 minutes is to be achieved. 

Between separate spaces within a compartment a fire resistance rating of 20 minutes is required. 

2.1.3. Day-light Entry 
The amount of daylight entry in a space within a building is dependent on the floor-to-window area 
ratio and the maximal floor depth. The “Bouwbesluit 2012” states that for a residential function the 
window area has to be at least 10% of the floor area with a minimum of 0.5 m2. For an office function 
the floor-to-window area ratio must be at least 2.5%, with a minimum of 0.5 m2 of window area. 

The Dutch health and safety regulation for a workspace, “ARBO”, gives a minimum floor-to-window 
area ratio of 5%. This criterion is decisive compared to the one of the Bouwbesluit, but higher, more 
favourable ratings should be achieved. 

In an article by Eero Vartiainen [1] a relation between the window area and photovoltaic solar area is 
found for various façade layouts. In the study is derived that for northern Europe the minimum 
window area should be 14 to 24% of the total façade area for an office building. A minimum window-
to-wall area ratio of 24% is chosen for this master thesis. 

The Dutch Building Code states that the floor-to-ceiling height needs to be at least 2.6 meter. A floor-
to-ceiling height of 2.9 is assumed. It is assumed that the height of the floor system with its acoustic 
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insulation and piping is 0.5 meter. This gives a floor-to-floor height of 3.4 meter. With the 30 storeys, 
the building becomes 102 meter tall.  

Most office buildings in the Netherlands have a floor depth between 7.2 and 9.0 meter. Table 2.2 
shows the window-to-floor area ratios that belong to those floor depths with the chosen minimum 
window-to-wall area ratio of 24%. 

Table 2.2, Window-to-floor area ratios 

Floor depth[m] Window-to-floor area ratio [%] 
7.2 9.7 
7.8 8.9 
8.4 8.3 
9.0 7.7 

The ARBO regulation is met for these floor depths. With the picked values for the parameter the 
maximum floor depth possible is 13.4 meter, as larger depths do not meet the regulations. 

2.1.4. Acoustic Requirements 
Acoustics and in particular contact noise can be problem in timber buildings. This problem can, 
however, easily be solved by floors with a higher mass, a floating screed, and a lowered ceiling. A 
combination of those solutions is often needed. 

The “Bouwbesluit 2012” states that a difference in sound pressure level from contact noise of 
maximal 59 dB is allowed between two different adjacent functions within one building with one of 
the two being a residential function. If one of the two adjacent functions is a non-residential 
function, then a difference in sound pressure level of maximal 64 dB is allowed for an office function. 

2.2. Layout  
There are two important points in the layout: symmetry, and grid size. The case study building has to 
be a basic case of a building. Therefore, a square floor plan has been chosen. Symmetry and equal 
wind loads on both sides of the building are also reasons to choose a square floor plan. So the rest of 
the building should also be symmetric on the two axes through the middle of the building.  

A grid size of 1.8 by 1.8 meter is often used for office buildings and, therefore, will also be used for 
the case study building. This makes the outer dimensions of the building 28.8 meter by 28.8 meter. 

The vertical transportation, utility shafts and rooms are located inside a core. There are various 
options of the location of these cores in the layout of the building. Figure 2.1 shows three options of 
possible placings. In these options is chosen for a gross-nett floor area ratio of 75%. 

 
Figure 2.1, Possible placings of the cores 

The first option has the core in the centre of the building with the apartments and offices located 
around it. The floor depth is 7.2 meter. The other two options have the cores located at the 
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perimeter. This results in a larger floor depth and window-to-wall area ratio or smaller outer 
dimensions are needed to let daylight reach the middle of the building. Smaller outer dimensions will 
make the tower more slender, which will not be in favour of the lateral stability of the building. The 
cores at the perimeter will also take away possible locations of daylight openings that could better be 
used for the offices and apartments. It would be more effective to have the core in the centre and 
this option has, as a result, been chosen. 

The chosen floor plan 
With the chosen location of the core has a more detailed design of the floor plan layout been made. 
This design is shown in Figure 2.2. 

 
Figure 2.2, Floor plan layout 

The dimensions of the core are 14.4 meter by 14.4 meter. With this the gross-nett floor area ratio is 
75% as used in the layout options. The apartments and offices are located around the core with a 
floor depth of 7.2 meter. Walls are assumed to be 400 mm thick. 

There are four entrances to the core. The maximal escape route length of this floor plan starts in the 
outer corner of a floor and is nearly 16 meter. This is shorter than maximal allowed 30 meter. The 
width of the passage in the core is 2.00 meter and the stairs is 1.50 meter. With this they comply 
with the requirements. 

The core is divided in four parts. Two hold the vertical transportation routes with each two elevators 
and a staircase. This way the requirement for two separated escape routes is fulfilled as they each 
have a larger distance than five meter between them. The other two parts of the core hold the utility 
shafts and rooms. The utility rooms can for example facilitate toilets room on office floors or storage 
rooms. 
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2.3. Floor Choice 
The floor system will also be the same for all the variants. There are some extra requirements other 
than acoustics. From the chosen floor plan layout it can be assumed that the floor has to span 7.2 
meter from the perimeter to the core. So this is the minimum span that the floor has to achieve. 

A floor height of 0.5 meter is one of the assumptions made. This includes not only the timber floor 
system, but also a possible needed hanging ceiling or floating screed to accommodate the acoustic 
insulation and piping, as well. 

2.3.1. Floor Types 
The principles and qualities of several timber floors are explained in this paragraph. This includes the 
traditional timber and modern floors. Composite timber-concrete floors are not included as the goal 
of this thesis is to design a structure that is composed of only timber structural elements. 

Traditional timber floor  
The traditional timber floor consists of sawn timber beams with a timber board on top of them. The 
distance between the floor beams ranges from 450 to 750 mm. It is dependent on the chosen floor 
plate and their stiffness. The maximal span of a traditional timber floor is about 5.5 meter and the 
height of the floor ranges between 200 and 275 mm. 

This floor type does not meet the modern requirements concerning acoustics, comfort, and fire 
safety. To meet the requirements a floating screed and/or a lowered ceiling has to be added. 
Installation of the floor is labour intensive and time consuming as a lot of work is done on site and 
nearly nothing is prefabricated. 

Massive floor 
Cross Laminated Timber floors have one main advantage over other timber floors as they are able to 
span in two directions. Of course, due to the build-up of the CLT panel is the floor stiffer in one 
direction the floor than in the other direction. The maximal possible span is 20 meter and the 
maximal height is 500 mm.  

Fire resistance ratings of 120 minutes are achievable. There is no space in the floor elements to 
incorporate insulation materials or installations. A floating screed and/or hanging ceiling are possible 
solutions to this problem, but with a larger height of the floor system as a result. 

LVL Rib floor 
The LVL rib floor consists of ribs and decks made out of Laminated Veneer Lumber (LVL). The parts 
are glued together to form a stiff floor element. This flooring system can be compared to the 
traditional timber floor as it follows the same principle, but the LVL ribs are much stronger and stiffer 
than the sawn timber beams. 

Kerto-Ripa is a floor system of MetsäWood, which is based on this concept. When it is comprised of 
LVL ribs and one LVL deck, it is called “Ripa T”. LVL ribs with two LVL decks make it “Ripa Box”, see 
Figure 5.5. The height of the floor is maximal 800 mm. Span up to 16 meter are possible for floors 
and 20 meter for roofs. 

In between the ribs of “Ripa Box” can insulation, acoustic and thermal, be placed. It is also possible to 
incorporate installations. A fire resistance rating up to 60 minutes can be achieved. 
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Figure 2.3, Kerto Ripa Box floor with insulation [2] 

Lignatur® floor 
The Lignatur® floor is composed by using spruce lamellas to form boxes. There are two essential 
types of the Lignatur® floor: box elements and surface elements. The box elements are made up of 
one box that can be coupled to another one. The box elements have a width of 200 mm. Surface 
elements are comprised of four already coupled boxes without double ribs, as shown in Figure 5.6. 
Two standard widths exist: 514 mm and 1000 mm. The heights of both element types range from 120 
mm to 320 mm. 

Spans up to 15 meter are possible. It is a stiff floor and the larger spans are possible by making the 
bottom plate thicker or making some boxes partially in solid timber. The natural frequency of the 
floor is higher than 5.1 Hz and the vibration acceleration is lower than 0.2 m/s2. 

A fire resistance rating up to 90 minutes is possible. Thermal and/or acoustic insulation can be placed 
in the boxes to improve it qualities. Electrical and sanitary pipes or ventilation ducts can be 
integrated in the elements. 

 
Figure 2.4, Lignatur® floor with sound insulation [3] 

Lignotrend® floor 
Laminated ribs and box elements form the Lignotrend® floor, see Figure 5.7. Spans up to 8.0 meter 
are possible. The width of a floor element is up to 625 mm and the he maximal height of the floor is 
410 mm.  

Acoustic and/or thermal insulation and installations can be incorporated in the hollow spaces of the 
elements. However, more space is probably needed for those facilities, which results in a larger floor 
height. A higher fire resistance rating than 30 minutes is possible. 

 
Figure 2.5, Lignotrend® floor element [4] 
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2.3.2. Comparison 
To be able to choose a floor system for the case study building, the floors have to be compared. This 
will be done on structural points, like: span, floor height, strength, and stiffness. But other subjects 
important for floors, and in particular timber floors, are also taken into account. These are subjects 
like: acoustics, fire safety, piping, and construction technology. 

First, the maximal span and the floor height of the floor types is looked at. This is shown in Table 2.3. 
Also shown is the expected floor height for the floor with a span of 7.2 meter. Strength and stiffness 
are incorporated within these expected floor heights. 

Table 2.3, Span and floor height of the floor types 

 Maximal span [m] Floor height [mm] Expected structural 
floor height [mm] 

Traditional timber floor 5.5 200 - 275 - 

Massive floor 20 Max 500 248 

LVL Rib floor 16 Max 800 425 

Lignatur® floor 15 120 - 320 320 

Lignotrend® floor 8 Max 410 302 

It can be concluded that the traditional timber floor is not usable in the case study building. Its 
maximal possible span is lower than the minimal required span. Moreover, from the previous 
paragraph it could already concluded that the floor would not be a good choice as it is a labour 
intensive floor that has bad acoustic, fire safety, and comfort properties. 

The rest of the floor types can span more than 7.2 meter and their expected floor height will be 
equal or lower than 500 mm. No choice can be made only on these found floor heights as some 
floors can and other cannot incorporate the piping and insulation within the floor. These two topics 
together with the fire resistance rating and weight are elaborated in Table 2.4. The properties listed 
in the table belong to the floor with the expected structural floor height of Table 2.3 and only the 
mass of the structural element is included in the weight, so not the insulation. 

Table 2.4, Acoustics, fire resistance, piping, and weight of the floor types 

 Acoustics Fire resistance 
[min] Piping Weight [kg/m2] 

Massive floor 

Good properties 
due to mass, but 
extra insulation 
can be needed 

90 Cannot be 
integrated 124.0 

LVL Rib floor ≤ 58 dB 
Standard: 60 
But up to 120 

possible 

Can be 
incorporated in 

element 
38.0 

Lignatur® floor 
Insulation can be 
incorporated in 

element 
90 

Can be 
incorporated in 

element 
71.8 

Lignotrend® floor ≤ 53 dB 30 
Max Ø100 mm 

integrated within 
element 

73.9 



 

 
 

13 R.L. de Jong | Tall Timber Buildings 

All modern floor types are installed like a concrete hollow-core slab, which means that the 
installation is not labour intensive and time consuming. They are all connected to the other structural 
elements using angled steel profiles and timber screws. 

It is preferred to have a low floor height as every millimetre added to the building will result in a 
higher wind load on the building. That would mean a higher required stability, causing higher costs. 
From the expected structural floor height in Table 2.3 could then be concluded that the massive floor 
is the option to choose with this objective in mind. However, height needs to be added for piping and 
insulation for acoustics and fire resistance as they cannot be incorporated in the floor. The opposite 
is true for the other modern floors. Though, it is not possible to add both acoustic and fire resistance 
insulation in the Lignatur® floor. The Lignotrend® floor is able to meet the requirements on both 
issues. 

For all floors, except the LVL Rib floor, it is needed to add quite some height on top of the structural 
height, so on floor height they will all be comparable. However, adding those materials in the form of 
a floating screed or a hanging ceiling will provide more labour on the building site, resulting in a 
longer construction time and higher costs. The LVL Rib floor is the only floor that can already have all 
elements incorporated in the floor, so it only has to be installed on site. 

If the floor is higher in weight, then the foundation also needs to have more mass. So to keep a 
lighter foundation, the LVL Rib floor is the best option. However, it may be needed to add mass to 
avoid tensile forces in the structure due to net uplifting forces of the wind. For now it is assumed that 
this is not an issue and a low in weight floor is preferred. 

The vibrational serviceability performance of floor is an important issue. By controlling deformations 
and vibrations human comfort in buildings is ensured. Eurocode 5 states requirements on the natural 
frequency 𝑓1, the unit point load deflection 𝑤, and the unit impulse velocity response 𝑣. However, no 
method of calculation is given for the last two criteria. Thus, it has been chosen to use the proposal 
for the Austria standard B 1995-1-1:2013 as it gives clearer methods to check the serviceability 
performance of the floors for vibration. In the Austrian proposal is a floor in a multi-storey residential 
building categorised in Floor Class I and has the following requirements: 

• 𝑓1 ≥ 8 𝐻𝐻; 
• 𝑤𝑠𝑠𝑠𝑠 ≤ 0.25 𝑚𝑚;  
• And if 4.5 𝐻𝐻 ≤ 𝑓1 ≤ 8 𝐻𝐻, then the limit of acceleration needs to be: 𝑎𝑟𝑟𝑠 ≤ 0.05 𝑚/𝑠2 

The results are given in Table 2.5 and the full calculation can be found in annex A. 

Table 2.5, Vibrational parameters 

Floor type 𝒇𝟏 [Hz] 𝒘𝒔𝒔𝒔𝒔 [m] Effective value of vibration 
acceleration 𝒔𝒓𝒓𝒔 [m/s2] 

Massive floor 7.70 0.141 0.031 

LVL Rib floor 9.34 0.162 0.023 

Lignatur® floor 10.64 0.121 0.010 

Lignotrend® floor 11.47 0.109 0.006 

Only the massive floor has a natural frequency that is lower than 8 Hz, but not much lower. All floors 
satisfy the requirements on deflection and vibration acceleration. The Lignotrend® floor has the 
lowest deflection, while the LVL Rib floor and the Lignatur® floor are in the same range. 

On all criteria the LVL Rib floor is the best choice or one of the better choices and is, therefore, 
chosen as the floor system of the case study building. 
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2.3.3. Chosen Floor 
The Kerto Ripa-T floor system of MetsäWood is chosen as the floor system of the case study building. 
The floor shown in Figure 2.6 is given when entering the requirements on span, function, acoustics, 
fire resistance, maximal height, and a strong vibration limit [5]. 

The floor elements have a width of 2400 mm. They consist of five Kerto-S ribs that are 51 x 400 mm, 
and a deck of Kerto-Q with a thickness of 25 mm. Other added layers are: 90 mm mineral wool; two 
layers of 15 mm gypsum board; and 27 mm steel strips. While the structural part of the floor has a 
height of 425 mm, the total build-up of the floor is 482 mm high. The total floor build-up weights 
36.3 kN/m2. 

The acoustic insulation for contact noise is 58 dB and for air sound is 60 dB. The fire resistance rating 
is 60 minutes, but this can easily be increased to the required 120 minutes by adding fire resistant 
insulation or gypsum boards.  

 
Figure 2.6, The chosen floor system 

2.4. Summary  
The case study building has 30 storeys with a floor-to-floor height of 3.4 meter, making the building 
102 meter tall. The building accommodates a combination of residential and office functions. The 
outer dimensions are 28.8 meter by 28.8 meter with a grid size of 1.8 meter by 1.8 meter, which is 
often used for office buildings. A minimum window-to-wall area ratio of 24% is chosen and this has 
to be taken into account when designing the structure. 

The core, which facilitates the vertical transportation, utility shafts, and rooms, is located in the 
centre of the building. From the assumed gross-nett floor area ratio of 75% follow the dimensions of 
the core: 14.4 meter by 14.4 meter. The floor depth is 7.2 meter. 

A floor plan layout has been made using the spatial and fire safety requirements. The core has four 
exits. There are in total four elevators, two staircases, two utility shafts, and two utility rooms per 
floor. 

For the floor system including the insulation and piping is 0.5 meter reserved. The Kerto Ripa T floor 
system of MetsäWood is chosen as the floor system of the case study building. This floor has already 
the acoustic and fire resistance insulation and the piping incorporated. The height of the total build-
up of the floor is 482 mm. The fire resistance rating is 60 minutes, but this can easily be increased to 
the required 120 minutes by adding fire resistant insulation or gypsum boards. 
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3. Variant Study 
This chapter describes the structural variants of the case study building with their properties. They 
are compared to each other to find the optimal structural variant. 

3.1. Structural Variants 
With the case study building as basis it is possible to design multiple different structural variants. The 
simplest variant can be made using the walls of the core for the lateral stability with a frame 
structure around it. However, in the literature study was concluded that, for buildings higher than 
approximately ten storeys, a core with frame structure would not be enough to ensure the stability 
of the structure. Therefore, other stability elements need to be added.  

The first variant will consist solely out of core walls for lateral stability and a frame structure around 
it. This variant will be the basis for the other variants in which extra structural elements will be added 
to enhance the stability of the structure. In this way the basis of the structure is similar for all 
variants, resulting in a more fair comparison. 

Several possibilities for elements providing extra stability can be applied to ensure lateral stability 
under wind load. These can be divided in the following categories: internal and external walls, a truss 
structure at the perimeter, and outriggers. An outrigger structure will not be considered in this thesis 
as it is concluded already in the literature study that it would not really be an option for a 30 storey 
tall timber building. 

3.1.1. Variant 1: Core Walls with Frame Structure 
There are two possibilities for transferring the wind load to the core. The first one is to transfer the 
load through the floors that span between the core and the perimeter. The second option is to use 
beams. 

The chosen floor system is dimensioned on its own weight- and the probable variable load on top of 
the floor, but not on wind load. However, the floor has enough strength capacity remaining as it is 
overdimensioned to satisfy the requirements on vibration. It can be concluded that it is possible to 
transfer the wind load to the core through the floor, so this option is chosen instead of adding extra 
elements such as beams. 

Two structural alternatives have been designed. These are shown in Figure 3.1. The structural 
elements are colour coded with the core in green, the beams in red, and the columns in blue. The 
span direction of the floors is also indicated in the figures.  

  
Figure 3.1, Structural frame variant 1 (l) and variant 2 (r)  
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The first alternative has columns placed on the perimeter at the corners and in line with the outer 
walls as these walls are the stability elements of variant 1. The beams span between the columns and 
between the columns and the outer core walls. Accordingly, the biggest spacing between the 
columns is 14.4 meter. This is twice as big as the other spacing’s. The big span of the beams between 
these columns leads to bigger dimensions than the other beams to limit the deflections. It is more 
desirable to keep the dimensions the same.  

This results in the second alternative. Columns are now spaced equally, namely 7.2 meter. It is also 
possible to have a spacing of 3.6 meter with the used grid, but this is a really small spacing and glued- 
laminated beams can easily handle larger spans. So, in this alternative, all beams have the same span 
because the floor depth is also 7.2 meter. Therefore, the second alternative will be chosen for  
variant 1. 

3.1.2. Variant 2: Added Internal Walls 
The most logical positions for placing the internal walls is in line with the outer core walls, extending 
from the core to the perimeter. This means that eight walls can be added to variant 1. It is expected 
that this is enough to ensure the stability. If that is not the case, then it is possible to add walls in a 
later stage. The added walls are indicated in red in Figure 3.2. 

 
Figure 3.2, The internal wall variant  

The only question left for the design of the internal walls is whether they are added into the frame as 
infill walls or if they replace the columns and beams. The first option is in line with just adding the 
stability elements to variant 1 as is proposed before. However, this is not completely logical, because 
the walls do not need beams between them to transfer the vertical load. The same counts for the 
columns. Therefore, choice is made to take out the beams and columns where the internal walls are 
placed. 

An advantage of this stability variant is that there are no stability elements located on the perimeter. 
That means a window-to-wall area ratio of nearly 100% and free design of the façade. The 
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disadvantage is, however, that there is less freedom in layout design, even though it is possible to 
create an opening in the internal walls. 

3.1.3. Variant 3: Added External Walls 
The total length of the external walls is chosen to be the same as that of the internal walls to be fair 
in comparison. The total length is 57.6 meter, resulting in a wall-to-window ratio of 50%. The walls 
have to be evenly distributed over the whole perimeter to keep the symmetry.  

Placing walls perforated with openings for the windows on the perimeter is the first option. 
Assuming there are eight windows in each façade, the height of the windows will become nearly 
equal to the floor-to-floor height in order to have sufficient space for vertical transfer of loads. Thus, 
it has been chosen to place non-perforated walls on the perimeter that have a height equal to the 
total floor height. Space for windows between those walls is available. 

With the 1.8 x 1.8 meter grid there are two options for the length of the walls: 1.8 meter or 3.6 
meter. The bigger wall sections will provide more lateral stability to the structure as there is more 
room available to transform the horizontal forces due to wind into vertical forces using to load on 
top of the walls. Hence, the walls with a length of 3.6 meter have been chosen. They are replacing 
the columns of variant 1 on the perimeter. This is shown in Figure 3.3 with the walls indicated in red. 
The walls are connected to each other with beams, which span 3.6 meter. 

 
Figure 3.3, The external wall variant  

3.1.4. Variant 4: Added Truss Structure at the Perimeter 
The last possibility, of extra stability elements, considered is a truss structure at the perimeter. There 
are several ways to design the bracing, but diagonal bracing will be looked into in this thesis as 
variant 1 already has a beam and columns structure. Therefore, a diagrid structure is not an option 
because all columns at the perimeter would need to be removed. 

In the design of the truss it has to be kept in mind that the truss is maximal divided over two storeys, 
so a mega truss structure is not possible. The reason for this is the planned study to the maximal 
possible height at the end of this thesis. In that study a storey at a time will be added or, when this 
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variant will be the optimal variant, maximal two storeys at a time. Several truss variants at one site of 
the building over a height of four storeys are shown in Figure 3.4.  

 
Figure 3.4, Variants of trusses  

The first variant consists of a diagonal bracing that is divided over four storeys, but can be copied per 
two storeys. Variant 2 has the same amount of diagonals as variant 1, but the order has been 
changed. There are no crosses. The diagonals that are under pressure due to wind loading are 
located next to each other on the side that is loaded by the wind. The diagonals in both variants are 
9767 mm long. The length and the low number of diagonals result in big cross section dimensions. 
This is disadvantageous as bigger dimensions result in more weight and then a heavier crane will be 
need in construction. Possible solutions are more diagonals to distribute the forces and smaller 
lengths. 

Variants 3 and 4 both have more diagonals with smaller lengths, namely 7518 mm and 7920 mm. 
While variant 3 is still to be copied per two storeys, for variant 4 it is possible to copy per storey, 
which is preferred for the maximal height study. Smaller lengths are possible as shown with variant 5, 
but this results in a lot of diagonals, which limits design freedom of the façade.  

An important issue for trusses is the angle between the beam and the diagonal. For variant 3 this 
angle is measured 71.4 degrees and for variants 4 and 5 it is 24.6 degrees. These values are nowhere 
near the preferred 45 degrees. Especially the smaller angles are unwanted, because then higher 
forces will be present in the diagonals, which results in bigger cross-section dimensions.  

The last variant is the most optimal variant as the angle is 42.5 degrees and the diagonals are 4884 
mm in length. Aside for these preferable geometry properties, the bracing can also be copied per 
storey. Therefore, variant 6 has been chosen for the truss structure at the perimeter. 

 
Figure 3.5, Connection detail sketches. 

Figure 3.5 shows sketches of two possible details for the connection of the diagonals to the middle of 
the beam. The first connection sketch consists of slotted-in steel plates that connects the diagonals 
to the continues beam. Crushing of the timber perpendicular to the grain due to the pressure of the 
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diagonals could be an issue. This can partially be solved by using steel plates on top of and 
underneath the beam at the location of the connection to spread the force over a larger area. 

Another option could be the second sketch. Here, the beam is not continues and in the middle is a 
tubed-connector placed to which all elements are connected with slotted in steel plates. This type of 
node is similar to those found in dome structures or diagrid facades. Only the angles between 
elements are not 60 degrees, which results in a bigger node with two faces unused. Stiffeners will be 
needed in the node. Because it is not preferred to divide the beam in two, the connection of the first 
sketch is chosen for now. Another option would be to change the diagonal variant. 

3.1.5. Comparison Subjects 
The four variants will be compared with each other to choose the optimal structural variant. This 
variant will be further elaborated. The comparison subjects are:  

• the stability of the structure in maximal lateral deflection found at the top of the building;  
• the relationship between the stress in and strength capacity of the elements, which is the 

given as unity checks;  
• the dynamic behaviour of the structures; the needed material of the structures in mass;  
• the number of needed elements;  
• and the flexibility in floor plan layout and façade design. 

3.1.6. Summary Structural Variants 
There are four structural variants, which will be compared to each other. The first variant has a core 
structure surrounded with a frame structure. It is expected that this variant will not meet the 
requirements on the maximal displacement at the top.  

The other three variants are based on the first variant, but have extra stability elements added to 
them. Variant 2 has eight added internal stability walls, which are in line with the walls of the core. 
The beams and columns from the first variant are removed at the locations of the walls.  

The third variant has added external walls at the perimeter. The walls are each full walls with a 
length of 3.6 meter. They are connected to each other with 3.6 meter long beams. The total length of 
added walls in variants 2 and 3 is the same. 

Variant 4 has a truss structure at the perimeter by added diagonal to the structure of the first variant. 
The angle between the beams and diagonal is 42.5 degrees. 

 
Variant 1 Variant 2 Variant 3 Variant 4 

Figure 3.6, 3D renders of the four variants 
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3.2. Structural Properties 
This paragraph gives the material properties of glue-laminated timber and cross laminated timber 
and the properties of the connections and the foundation. Furthermore, a calculation is done to 
include the possibility for openings in the CLT panels.  

3.2.1. Glue-laminated Timber 
The columns, beams and diagonals will be made of glue-laminated timber with a strength class of 
GL28h. This is a commonly used strength class in the Netherlands. The properties belonging to this 
strength class are given in Table 3.1. 

Table 3.1, Strength and stiffness properties of strength class GL28h in N/mm2 

Ultimate Limit State Serviceability Limit State 

𝒇𝒓,𝒌 𝑓𝑠,0,𝑘 𝑓𝑠,90,𝑘 𝑓𝑐,0,𝑘 𝑓𝑐,90,𝑘 𝑓𝑣,𝑘 𝐸0,𝑘 𝐸0,𝑟𝑚𝑠𝑚 𝐸90,𝑟𝑚𝑠𝑚 𝐺𝑟𝑚𝑠𝑚 

28 19.5 0.45 26.5 3.0 3.2 10200 12600 420 780 

 

3.2.2. Cross Laminated Timber  
The core walls and the internal or external walls will be comprised of Cross Laminated Timber (CLT) 
panels. CLT consists of an odd number of board layers, which are stacked crosswise, at 90 degrees, 
on top of each other and glued together with a high pressure power. CLT panels are commonly made 
of timber with strength class C24. However, the lamination effect is disregarded when adopting the 
strength and stiffness properties of C24 as the input for determining the characteristic values of the 
CLT panels. Numerous tests results show that the strength and stiffness values of solid wood panels 
composed of boards of strength class C24 may be calculated based on board properties of strength 
class GL28h [6]. The values of strength class GL28h are given in  Table 3.1. 

An important property of cross laminated timber is the rolling shear stiffness and strength. For soft 
wood a ratio of 𝐺𝑅,𝑟𝑚𝑠𝑚/𝐺𝑟𝑚𝑠𝑚 = 0.10 is defined with a rolling shear strength of 𝑓𝑅,𝑘 = 1.0 N/mm2, 
which is independent of the strength class [7]. 

Most manufacturers give maximal panel dimensions of 2.95 meter in width and 16.5 meter in length. 
Nevertheless, lengths up to 24 meter and widths up to 3.5 meter are possible. The number of layers 
can be three to nine. In this thesis the panels will consist of lamellas with a thickness of 43 mm and a 
width of 200 mm. The density of the panels is given as 500 kg/m3.  

The build-up in the thickness direction of cross laminated timber panels influences its stiffness 
properties. Effective stiffness and strength properties are needed as input for the models in the 
calculation software used in this thesis. The calculated orthotropic material properties of the panels 
include the axial reduction and shear reduction. The reduction in stiffness and strength by putting 
openings in the walls is also taken into account. 

Axial reduction 
The composite theory takes strength and stiffness properties of single layers into account by 
composition factors [6]. Composition factors for in plane loading are given in Equations 3.1 and 3.2.  

𝑘3 = 1 − �1 −
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� ∙
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With 𝑎⊥ as the total thickness of the layers in perpendicular direction to the direction of the outer 
layers and 𝑎𝑟 as the total thickness of the panel. The calculated composition factors are given in 
Table 3.2. 

Table 3.2, Composition factors 

Number of layers 𝒔⊥ [mm] 𝒔𝒓 [mm] 𝒌𝟑 𝒌𝟒 
3 43 129 0.678 0.356 
5 86 215 0.613 0.420 
7 129 301 0.586 0.448 
9 172 387 0.570 0.463 

Homogenous modulus of elasticity and strength properties are obtained by multiplication of the 
composition factor with the strength and stiffness properties of the layers loaded parallel to the 
grain. Factor 𝑘3 is used to determine the properties parallel to the grain of the outer lamellas and 
factor 𝑘4 is used for the properties perpendicular to the grain of the outer lamellas. The effective 
strength and stiffness properties are given in Table 3.3. 

Table 3.3 Strength and stiffness properties of the CLT panels in N/mm2 

Number of 
layers 

𝑬𝟎,𝒆𝒇 𝑬𝟗𝟎,𝒆𝒇 𝒇𝒓,𝟎,𝒆𝒇 𝒇𝒓,𝟗𝟎,𝒆𝒇 𝒇𝒔,𝟎,𝒆𝒇 𝒇𝒔,𝟗𝟎,𝒆𝒇 𝒇𝒄,𝟎,𝒆𝒇 𝒇𝒄,𝟗𝟎,𝒆𝒇 

3 8540.0 4480.0 19.0 10,0 13.2 6.9 18.0 9.4 

5 7728.0 5292.0 17.2 11.8 12.0 8.2 16.3 11.1 

7 7380.0 5640.0 16.4 12.5 11.4 8.7 15.5 11.9 

9 7186.7 5833.3 16.0 13.0 11.1 9.0 15.1 12.3 

In shear plane reduction 
The width and thickness of the lamellas, as well as the intended spacing between them, have an 
influence on the shear stiffness of the panel. An approximation formula for the effective shear 
stiffness is derived based on the mechanisms for pure shear and “torsion like” behaviour [8], see 
Figure 3.7.  

 
Figure 3.7, Superposition of load carrying mechanisms on a CLT wall segment [8] 

Equation 3.3 gives the approximation formula with 𝑢 as the intended spacing, 𝑎 is the width of the 
lamellas and 𝑢 is the thickness. 
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Correction factors 𝛼𝐹𝐹−𝐹𝐹𝐹 were adopted to fit the FE-results: one for the isotropic behaviour and 
one for isotropic behaviour as shown in Equation 3.4. The second one is used for the CLT panels. 

𝛼𝐹𝐹−𝐹𝐹𝐹,𝑖𝑠𝑖 = 0.45 ∙ �
𝑡𝑖
𝑎
�
−0.80

 𝛼𝐹𝐹−𝐹𝐹𝐹,𝑖𝑟𝑠ℎ𝑖 = 0.32 ∙ �
𝑡𝑖
𝑎
�
−0.77

 (3.4) 

The spacing between the lamellas is assumed to be zero, which gives the following simplification of 
Equation 3.3: 

𝐺𝐹𝐹−𝐹𝐹𝐹
𝐺

= 1/�1 + 𝛼𝐹𝐹−𝐹𝐹𝐹 ∙ 3 ∙
𝐺
𝐺𝑚𝑒𝑒

�
𝑡𝑖
𝑎
�
2
� (3.5) 

The effective torsional shear modulus is given as  

𝐺𝐹 = (𝐺∥ + 𝐺⊥)/2 (3.6) 

With the modulus for shear parallel to the grain, 𝐺∥, being equal to the mean shear modulus 𝐺𝑟𝑚𝑠𝑚 
and 𝐺⊥ = 𝐺𝑅,𝑟𝑚𝑠𝑚 = 0.1 ∙ 𝐺𝑟𝑚𝑠𝑚. Substitution of the used dimensions of the CLT lamellas results in 
the following shear stiffness reduction: 

𝐺𝐹𝐹−𝐹𝐹𝐹
𝐺

= 1/�1 + 0.32 ∙ �
43

200
�
−0.77

∙ 3 ∙
2

1.1
�

43
200

�
2

� = 0.79 

So the effective shear stiffness is: 𝐺𝑚𝑒𝑒 = 0.79 ∙ 𝐺 = 0.79 ∙ 780 = 617.3 𝑁/𝑚𝑚2 

Stiffness reduction for openings in the panels 
The stiffness of the panels is reduced when putting an opening into them. This will only be an issue 
for the internal walls. The software used for modelling has the option to cut the openings into the 
panels. So a stiffness reduction for the core walls is not needed as for these walls the locations of the 
openings are known. 

The internal stability walls, however, will have openings with unknown locations. The influence of 
these openings will be taken into account by the proposed model of ref. [9] for the reduction in the 
wall stiffness. This model was attained with a finite element analysis of an analytical model and is 
given in Equation 3.7.  

𝐾𝑖𝑜𝑚𝑚𝑖𝑚𝑜 = 𝐾𝑒𝑓𝑓𝑓 ∙

⎣
⎢
⎢
⎡
1 −

𝑟𝑖/𝑤  ∙ �𝐴𝑖𝐴𝑤
�

�𝑟𝑖/𝑤 + 𝑟𝑖 ∙ �
𝐴𝑖
𝐴𝑤

�⎦
⎥
⎥
⎤
 (3.7) 

With: 
𝐾𝑖𝑜𝑚𝑚𝑖𝑚𝑜 is the stiffness of the wall with or without opening 
𝐾𝑒𝑓𝑓𝑓 is the stiffness of the wall with or without opening 
𝐴𝑖 is the area of the opening 
𝐴𝑤 is the area of the wall 
𝑟𝑖 is the aspect ratio of opening (smaller to larger dimension) 
𝑟𝑖/𝑤 is the maximum aspect ratio of opening-to-wall dimension (max of 𝑙𝑖/𝐿 or ℎ𝑖/𝐻, where 

𝐿 and 𝐻 are length and height of the wall, and 𝑙𝑖 and ℎ𝑖 are the opening length and 
height, respectively) 

It is assumed that the opening will be a door with a width of 1.0 meter and a height of 2.2 meter. The 
length of the internal stability walls is 7.2 meter with a height of 3.4 meter. So the maximum aspect 
ratio of opening-to-wall dimension is: 
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𝑟𝑖/𝑤 = max � 𝑙𝑖/𝐿 = 1.0/7.2 = 0.139
ℎ𝑖/𝐻 = 2.2/3.4 = 0.647 = 0.647 

The reduction factor of Equation 3.7 is calculated as: 
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=
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7.2 ∙ 3.4�⎦

⎥
⎥
⎤

= 0.930 

However, there are at least two other factors that can lead to a reduction in the stiffness of the wall. 
The effect of the opening-to-wall height ratio is the first one. A higher reduction in the wall stiffness 
is found for ratios of ℎ𝑖/𝐻 > 0.8. In this case, the ratio is lower than 0.8, so no extra reduction has 
been taken into account. The other factor is the effect of the opening offset from the centre of the 
wall panel. Therefore, to account the opening offset, 𝑟𝑖𝑒𝑒, Equation 3.7 is modified to: 

𝐾𝑖𝑜𝑚𝑚𝑖𝑚𝑜 = 𝐾𝑒𝑓𝑓𝑓 ∙
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 (3.8) 

In which 𝑟𝑖𝑒𝑒 is the ratio of the opening offset to the wall dimension (𝑥1/𝐿 or 𝑦1/𝐻) and 𝑟𝑤 is the 
wall aspect ratio (𝐿/𝐻). In this case 𝑦1 is equal to 0.55 meter. It is assumed that the door is placed 
minimally 0.5 meter out of the wall edge. This gives a maximum offset 𝑥1 of 2.6 meter. The opening 
offset in x-direction is the biggest and will be used in the calculation of the stiffness reduction factor 
of Equation 3.8: 
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7.2/3.4�⎦
⎥
⎥
⎤

= 0.881 

Both bending and shear deformation contribute to the total CLT wall stiffness without openings. 
However, the shear and bending stiffness are independently needed as input in the computer model. 
It is not known in which percentage the reduction is divided between the bending and shear 
stiffness. Therefore, it is assumed that the reduction only has its impact on the shear stiffness. So the 
effective shear stiffness for the wall with an opening is:  

 𝐺𝑚𝑒𝑒,𝑖𝑜𝑚𝑚𝑖𝑚𝑜 = 0.881 ∙ 𝐺𝑚𝑒𝑒 = 0.881 ∙ 617.3 = 543.8 𝑁/𝑚𝑚2 

 

3.2.3. Joint Properties 
For the comparison of the variants a joint stiffness will be chosen that is the same for all variants. 
After the optimal variant is chosen, a study on the connections will be carried out, including their 
stiffness’s and effect on the lateral deflection. For now, the connections will be assumed to be either 
hinged or fixed. The only exception is the connection of the diagonals to the beams or columns. It 
would not be realistic to assume the translational stiffness as infinitely stiff here, since slip in these 
connections will have a huge impact on the stiffness of the total structure. 

Translational stiffness diagonal connection 
It is assumed that the connection will be a doweled connection. The translational stiffness can be 
estimated using EN 1995-1-1: 7.1, 8.5, and 8.6.  
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The stiffness of dowel type fasteners per fastener and per shear plane is given in Equation 3.9.  

𝐾𝑠𝑚𝑟 = 𝜌𝑟1.5 ∙
𝑑

23
 (3.9) 

With 𝜌𝑟 as the average value of the density of the timber and 𝑑 as the diameter of the used dowel. 
For glulam the density 𝜌𝑟 is equal to 460 kg/m3. The calculated stiffness value can be doubled when 
steel plates are be used in the connection. 

The total stiffness of the connection can be found by multiplying the dowels stiffness with the 
effective number of fasteners, 𝑛𝑚𝑒, and with the number of shear planes. The effective number of 
dowel type fasteners is calculated as: 

𝑛𝑚𝑒 = min �
𝑛                      

𝑛0.9 ∙ �
𝑎1

13 ∙ 𝑑
4  (3.10) 

With 𝑛 as the number of fasteners and 𝑎1 is the spacing between the fasteners in grain direction. The 
spacing is calculated with Equation 3.11 with 𝛼 as the angle between the load direction and the 
grain. 

𝑎1 = (3 + 2 ∙ |cos𝛼|) ∙ 𝑑 (3.11) 

The connection is assumed to have 20 dowels, with a diameter of 12 mm, and a slotted-in steel plate. 
The angle is assumed to be zero degrees. This gives a minimum spacing between the fasteners of: 

𝑎1 = (3 + 2 ∙ |cos 0°|) ∙ 12 = 60 𝑚𝑚 

So the effective number of dowels is: 

𝑛𝑚𝑒 = min�

20                                        

200.9 ∙ �
60

13 ∙ 12
4

= 11.67
= 11.67 

The stiffness of one dowel per shear plane is: 

𝐾𝑠𝑚𝑟 = 4601.5 ∙
12
23

= 5147.43 𝑁/𝑚𝑚 

The total stiffness of the diagonal connection is: 2 ∙ 2 ∙ 5147.43 ∙ 11.67 = 240344.45 𝑁/𝑚𝑚 

 

3.2.4. Foundation Properties 
The foundation is assumed to be infinitely stiff as it is nearly impossible to keep the stiffness the 
same for all structural variants when designing the foundation. This is due to the different locations 
of stability elements in the different variants. 

EN 1990 A1 gives H/500 as the maximal lateral displacement at the top, with H as the total height of 
the building. However, herein the stiffness of the foundation is taken into account, which will not be 
the case in this study. Thus, a stricter maximal displacement at the top of H/800 will be set as the 
requirement. 
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3.3. Loadings According to the Eurocode 
This paragraph gives the values of the loads on the structure and the load combinations which are 
used to calculate the forces within the structure. 

3.3.1. Load Cases  
The load cases can be divided into permanent loads and variable loads. The permanent loads are the 
self-weight of the structure, permanent floor load, and the façade load. The variable floor load, the 
snow load, and the wind load are the variable loads. 

Self-weight structure [LC1] 
The self-weight of the structure will be generated by the SCIA Engineer software. 

Permanent floor load [LC2] 
The permanent floor load consists of the self-weight of the floor structure and the additional floor 
load, like installations, floating screed, walls, etc. Table 3.4 shows the floor layers with their load 
value. 

The floor load includes, except for the load of the floor system itself as described in paragraph 2.3.3, 
also: a dry floating screed, two times a gypsum board to improve the fire resistance, installations and 
partition walls. 

Table 3.4, Permanent floor load 

Type  Weight  Load [kN/m2] 

Floor structure  38 kg/m2 0.38 

Floating screed  2.4 kg/m2 0.024 

Installations  5 kg/m2 0.05 

Gypsum board (2x) 15 kg/m2  0.03 

Partition walls G < 1.0 kN/m 0.50 

Total permanent floor load  0.984 

Permanent façade load [LC3] 
The façade will be a glass curtain wall. It is assumed that the weight of a glass curtain wall ranges 
from 400 to 600 N/m2. The highest value is used to calculate the load of the façade. The height of a 
storey is 3.4 meter. Thus, the façade load per floor is 2.04 kN/m. 

Variable floor load [LC4] 
The variable floor load takes into account the loading by people and furniture and is given in Table 
3.5. The values are based on table 6.1 and 6.2 of the Eurocode EN 1991-1-1 in combination with de 
Dutch national annex. 

Table 3.5, Variable floor load 

Function  Floor load [kN/m2] 

Residential  1.75 

Offices  2.5 

Roof  1.0 
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Snow load [LC5] 
Equation 3.12 gives the formulae of EN 1991-1-3 for the calculation of the snow load. 

𝑠 = 𝜇𝑖 ∙ 𝐶𝑚 ∙ 𝐶𝑠 ∙ 𝑠𝑘 (3.12) 

With: 
𝜇𝑖  is the snow load shape coefficient 
𝐶𝑚 is the exposure coefficient 
𝐶𝑠 is the thermal coefficient 
𝑠𝑘 is the characteristic value of snow load on tile ground 

The exposure coefficient and the thermal coefficient are both considered to be 1.0. For the 
Netherlands is the characteristic value of snow load on the ground equal to 𝑠𝑘 = 0.7 kN/m2. The case 
study building has a flat roof, so the snow load shape coefficient is 𝜇𝑖  = 0.8. This gives a snow load of 
𝑠 = 0.56 kN/m2.  

Wind load [LC6] 
The only significant lateral load on the building is the wind load. The building is assumed to be 
standing in the area of the Netherlands with highest wind load. The calculation is based on the 
European standard EN 1991-1-4 in combination with the Dutch national annex. Table 3.6 gives the 
values of the wind load and the full calculation can be found in annex B.  

Table 3.6, Total wind load 

Load height z [m] Variable wind load 𝑸𝒘 [kN/m2] 

0 – 28.8  1.66 

28.8 – 73.2 0.017∙z + 1.17 

73.2 – 102.0  2.42 

 

3.3.2. Loading Combinations 
The loading combinations are divided in the combinations for the ultimate limit state and those for 
the serviceability state.  

Ultimate Limit State 
Design criteria for the Ultimate Limit State (ULS) are in EN 1990 divided into limit states for static 
equilibrium (EQU) and limit states of failures (STR). Equation 3.13 gives the load combination for the 
static equilibrium limit state and Equations 3.14 and 3.15 give the combinations for the failure limit 
state. 

𝐸𝑑 = �𝛾𝐺,𝑗 ∙ 𝐺𝑘,𝑗
𝑗≥1

 ′ + ′ 𝛾𝑄,1 ∙ 𝑄𝑘,1 ′+ ′ �𝛾𝑄,𝑖 ∙ 𝜓0,𝑖 ∙ 𝑄𝑘,𝑖
𝑖≥1

 (3.13) 

𝐸𝑑 = �𝛾𝐺,𝑗 ∙ 𝐺𝑘,𝑗
𝑗≥1

 ′ + ′ 𝛾𝑄,1 ∙ 𝜓0,1 ∙ 𝑄𝑘,1 ′ + ′ �𝛾𝑄,𝑖 ∙ 𝜓0,𝑖 ∙ 𝑄𝑘,𝑖
𝑖≥1

 (3.14) 

𝐸𝑑 = �𝜉𝑗 ∙ 𝛾𝐺,𝑗 ∙ 𝐺𝑘,𝑗
𝑗≥1

 ′ + ′ 𝛾𝑄,1 ∙ 𝑄𝑘,1 ′+ ′ �𝛾𝑄,𝑖 ∙ 𝜓0,𝑖 ∙ 𝑄𝑘,𝑖
𝑖≥1

 (3.15) 

With: 
𝛾𝐺 is a partial factor for permanent loading 
𝛾𝑄 is a partial factor for variable loading 
𝜓0 is a combination value of a variable action 
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𝜉 is a reduction factor for unfavourable permanent actions  
𝐺𝑘 is the characteristic value of the permanent action 
𝐺𝑘,1 is the characteristic value of the main variable action 
𝐺𝑘,𝑖 is the characteristic value of an accompanying variable action 

The combination values, 𝜓𝑖, which are needed for Equations 3.13 to 3.15, are given in Table 3.7. 

Table 3.7, Combination values, 𝜓𝑖  

Load action 𝝍𝟎 𝝍𝟏 𝝍𝟐 

Category A: Residential  0.4 0.5 0.3 

Category B: Offices 0.5 0.5 0.3 

Category H: Roofs  0 0 0 

Snow loads 0 0.2 0 

Wind loads 0 0.2 0 

For the design of vertical elements like columns and walls, a reduction factor is allowed for imposed 
floor loading in multi-storey constructions. EN 1990 allows this reduction as it can be assumed that it 
is unlikely to have the full imposed loading occur at each floor of a multi-storey building. The 
reduction factor is determined as:  

𝛼𝑚 =
2 + (𝑛 − 2) ∙ 𝜓0

𝑛
 (3.16) 

The parameter 𝑛 represents the number of floors above the calculated element. The case study 
building has two functions; residential and offices. Therefore, two reduction factors need to be 
determined. For the residential function it is 𝛼𝑚,1 and for the offices it is 𝛼𝑚,2. It is assumed that both 
functions contain 50% of the floors, so fifteen floors each. 

𝛼𝑚,1 =
2 + (15 − 2) ∙ 0.4

15
= 0.48 𝛼𝑚,2 =

2 + (15 − 2) ∙ 0.5
15

= 0.57 

All relevant loading combinations are given in Table 3.8. Not all  combinations are relevant for all 
structural elements. The first two combinations, ULS-EQU-1 and ULS-EQU-2, are used for the toppling 
over effect of the structure and for tensile forces in the walls, columns, and diagonals. Combination 
ULS-STR-1 is used for all structural elements. For the floor structures are the combinations ULS-STR-2 
and ULS-STR-4 applied. Combinations ULS-STR-2 to ULS-STR-5 apply for the beams and diagonals and 
the combinations ULS-STR-6 to ULS-STR-14 are used for the walls and columns. 

Table 3.8, Loading combinations ULS 

Load combinations LC1 LC2 LC3 LC4 LC5 LC6 

ULS-EQU-1 0.9 0.9 0.9 - - 1.5 

ULS-EQU-2 0.9 0.9 0.9 1.5 ∙ 𝛼𝑚,𝑖  - 1.5 

ULS-STR-1 1.35 1.35 1.35 - - - 

ULS-STR-2 1.35 1.35 1.35 1.5 ∙ 𝜓0,𝑖 - - 

ULS-STR-3 1.2 1.2 1.2 1.5 - - 

ULS-STR-4 1.2 1.2 1.2 1.5 ∙ 𝜓0,𝑖 - 1.5 
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ULS-STR-5 1.2 1.2 1.2 1.5 ∙ 𝜓0,𝑖 1.5 - 

ULS-STR-6 1.35 1.35 1.35 1.5 ∙ 𝜓0,𝑖 ∙ 𝛼𝑚,𝑖 - - 

ULS-STR-7 1.2 1.2 1.2 1.5 ∙ 𝛼𝑚,𝑖  - - 

ULS-STR-8 1.2 1.2 1.2 1.5 ∙ 𝜓0,𝑖 ∙ 𝛼𝑚,𝑖 - 1.5 

ULS-STR-9 1.2 1.2 1.2 1.5 ∙ 𝜓0,𝑖 ∙ 𝛼𝑚,𝑖 1.5 - 

ULS-STR-10 0.9 0.9 0.9 - - - 

ULS-STR-11 0.9 0.9 0.9 1.5 ∙ 𝜓0,𝑖 ∙ 𝛼𝑚,𝑖 - - 

ULS-STR-12 0.9 0.9 0.9 1.5 ∙ 𝛼𝑚,𝑖  - - 

ULS-STR-13 0.9 0.9 0.9 1.5 ∙ 𝜓0,𝑖 ∙ 𝛼𝑚,𝑖 - 1.5 

ULS-STR-14 0.9 0.9 0.9 1.5 ∙ 𝜓0,𝑖 ∙ 𝛼𝑚,𝑖 1.5 - 

Serviceability Limit State 
For serviceability limit states the partial factors for actions should be taken as 1.0. There are three 
different types of combinations depending on the load duration. The characteristic combination, 
equation 3.17, describes the irreversible limit states, while the frequent combination, equation 3.18, 
describes the reversible limit states. Long term effects like creep are described with the quasi-
permanent combination, see equation 3.19. 

𝐸𝑑 = �𝐺𝑘,𝑗
𝑗≥1

 ′ + ′ 𝑄𝑘,1 ′+ ′ �𝜓0,𝑖 ∙ 𝑄𝑘,𝑖
𝑖≥1

 (3.17) 

𝐸𝑑 = �𝐺𝑘,𝑗
𝑗≥1

 ′ + ′ 𝜓1,1 ∙ 𝑄𝑘,1 ′ + ′ �𝜓2,𝑖 ∙ 𝑄𝑘,𝑖
𝑖≥1

 (3.18) 

𝐸𝑑 = �𝐺𝑘,𝑗
𝑗≥1

 ′ + ′ �𝜓2,𝑖 ∙ 𝑄𝑘,𝑖
𝑖≥1

 (3.19) 

All relevant combinations are given in Table 3.9. They are all, except for SLS-CHA-4, are applied for 
the floor and beam deflections. For the lateral displacements are the following combinations applied: 
SLS-CHA-2 and -4, and SLS-FRE-2. 

Table 3.9, Loading combinations SLS 

Load combinations LC1 LC2 LC3 LC4 LC5 LC6 

SLS-CHA-1 1.0 1.0 1.0 1.0  - - 

SLS-CHA-2 1.0 1.0 1.0 1.0 ∙ 𝜓0,𝑖 - 1.0 

SLS-CHA-3 1.0 1.0 1.0 1.0 ∙ 𝜓0,𝑖 1.0 - 

SLS-CHA-4 1.0 1.0 1.0 - - 1.0 

SLS-FRE-1 1.0 1.0 1.0 1.0 ∙ 𝜓1,𝑖 - - 

SLS-FRE-2 1.0 1.0 1.0 1.0 ∙ 𝜓2,𝑖 - 1.0 ∙ 𝜓1,𝑖 

SLS-FRE-3 1.0 1.0 1.0 1.0 ∙ 𝜓2,𝑖 1.0 ∙ 𝜓1,𝑖 - 

SLS-QUA-1 1.0 1.0 1.0 1.0 ∙ 𝜓2,𝑖 - - 
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3.4. Modelling 
The structural variants are modelled with the software SCIA Engineer. 

Walls 
The walls are modelled as 2D elements with a thickness of 387 mm and with the properties that 
belong to CLT-panels with nine layers. The connection between the walls is fixed, but the rotation 
around the x-axis is still possible. The same is applied for the supports of the walls. 

The openings in the core walls are modelled, while the possible openings in the added internal walls 
of variant 2 are taken into account by a stiffness reduction as the locations are unknown. The height 
of the openings is 2.2 meter. 

The beams between the external walls of variant 3 are integrated in the walls panels with a height of 
550 mm. 

Columns 
The columns are modelled as 1D elements with a cross-section of 1000 x 1000 mm. The length of the 
columns is equal to the height of five storeys and, therefore, is 17 meter. The columns are connected 
to each other as a pinned connection. The column supports are also pinned-joints. 

Beams 
The beams are also modelled as 1D elements. They have a cross-section of 500 x 700 mm and a span 
of 7.2 meter. The beams of 3.2 meter of variant 3 are integrated in the external walls. 

Connections between the beams and the columns as well as the ones between the beams and walls, 
are modelled as hinged. 

Figure 3.8 shows the model of one storey of variant 1 without the floors.  

 
Figure 3.8, One storey of variant 1 modelled without the floors 

Floors 
The floors are modelled as 2D slab elements. The number of elements would have been too much for 
the program to handle, if the floor was really modelled as a rib floor. Furthermore, the stiffness of 
the modelled rib floor would not be the same as the stiffnees of the Kerto Ripa T floor, which has 
been chosen.   

The modelled slab has a thickness of 100 mm and the representative stiffness of the floor is 
calculated by using the values of the rib floor given by the manufacturer and the area moment of 
inertia of the slab. The stiffness of the Kerto Ripa T floor, 𝐸𝐼𝑚𝑒𝑒,𝑆𝑆𝑆, is 8247.2 ∙ 109 𝑘𝑁/𝑚2 and the 
area moment of inertia of the slab is 4.88 ∙ 107 𝑚𝑚4. Therefore, the E-modulus of the slab becomes: 
8247.2 ∙ 109/4.88 ∙ 107 = 98966.4 𝑁/𝑚𝑚2 
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In the software a slab automatically spans in two directions. Line hinges, which are free in every 
degree of freedom, are modelled between the floor slabs and beams that should not be jointed to 
make the slab span in one direction only. In the span direction are slabs connected to the beams and 
walls with line hinges that are rigid in every degree except for the rotation around the x-axis. 

The floors in the core are not modelled as they will not have the same dimensions as the floors 
outside the cores as they have shorter spans. The load of those floors is, however, taken into account 
by using load panels. 

Diagonals 
The diagonals are modelled as 1D elements with a cross-section of 500 x 500 mm. The connection of 
the diagonal to the beam and/or column is modelled as hinged with the translational stiffness, as 
calculated in paragraph 3.2.3, taken into account for the x-direction. 

Façade 
Load panels are used to simulate the façade. The wind load is put onto the panels, which transfer it 
to the structure. 

    
Figure 3.9, Variant 1, 2, 3, 4 totally modelled 

Dynamics 
In SCIA Engineer is it possible to calculate the frequencies of the structure using masses. These 
masses can be created from the inputted load cases. The used load cases are the permanent loads 
and the variable floor loads 

The masses are used to create a mass combination. The last step is to calculate the frequencies of 
the structure with a modal analysis. The number of wanted frequencies can also be inputted and it is 
set as 10. 

A dynamic load case can be put unto the structure. There are two useable options: a harmonic load 
case and the Karman Vibration. The Karman vibration is used for round structures and with the way it  
has to put onto the structure, it is not fit to use for this study. The harmonic load case is also not the 
correct way to model the dynamic wind load. It is concluded that the program SCIA Engineer cannot 
be used to calculate the dynamic behaviour of the structure due to wind load. 
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3.5. Results and Optimization 
The first results of the models in SCIA Engineer are used to optimise the structural elements. All 
variants will still have the same dimensions, so they can still be compared to each other on a fair 
basis.  

The first results  
The models are solved with the software SCIA Engineer and the results for the lateral displacement at 
the top of the building due to the wind load, can be found in Table 3.10. 

Table 3.10, Results lateral displacement at the top of the first models 

Variant Lateral displacement 𝒖 [mm] 

1: Core walls with frame structure 148.1 

2: Added internal walls 48.7 

3: Added external walls 84.4 

4: Added truss structure at the perimeter 70.7 

The maximal allowed lateral displacement at the top is H/800, which is 127.5 mm. So it can be 
concluded that only variant 1 does not meet this requirement. This was, however, expected. The 
dimensions of the structural elements have to be increased to meet the displacement requirement. 
Another option is to change the material of the core walls to concrete. 

Variant 2 is the stiffest structure of the four. This is due to the large length, 7.2 meter, of the added 
internal walls. The length of each added external wall of variant 3 is half of that length, which results 
in a less stiff structure. Variant 4 has a lateral displacement value that is in the middle of those of 
variant 2 and 3.  

When the stress in the structural elements is compared with their strength capacities, it can be 
concluded that nearly all of the elements are oversized. 

Optimisation  
The unity checks are kept below 0.8 during the optimisation process, so the structural elements will 
have enough capacity in a case of fire or failure of elements. All variants will still have the same 
dimensions, so they can still be compared to each other on a fair basis.  

The new cross-section dimensions of the columns are 650 x 650 mm. Smaller dimensions will lead to 
buckling problems for some of the variants. The dimensions of the beams are changed to 300 x 550 
mm. Smaller beam widths will be lead to insufficient shear capacity. 

More tension and compression capacity parallel to the outer layers is needed in the CLT walls. The 
panels will still have the same thickness, however, the outer layers will be double the thickness of 
one lamella of 43 mm. The build-up of the CLT panels becomes 86-43-43-43-43-43-86 and the new 
strength and stiffness properties are given in Table 3.11. An extra advantage of the new build-up is a 
higher bending stiffness of the walls. 

Table 3.11, Strength and stiffness properties of the new build-up of the CLT panel in N/mm2 

𝒌𝟑 𝑬𝟎,𝒆𝒇 𝑬𝟗𝟎,𝒆𝒇 𝒇𝒓,𝟎,𝒆𝒇 𝒇𝒓,𝟗𝟎,𝒆𝒇 𝒇𝒔,𝟎,𝒆𝒇 𝒇𝒔,𝟗𝟎,𝒆𝒇 𝒇𝒄,𝟎,𝒆𝒇 𝒇𝒄,𝟗𝟎,𝒆𝒇 

0.678 8540.0 4480.0 19.0 10.0 13.2 6.9 18.0 9.4 

Four of the eight added internal stability walls from variant 2 are removed as they do not carry any 
floor load. At the locations of these walls, the columns and beams are put back into the model in the 
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way they were originally situated in variant 1, which was taken as a basis. The removal leads to 
regained flexibility in floor layout. The new situation of variant 2 is shown in Figure 3.10. 

The new cross-section dimensions of the diagonals are taken as 300 x 300 mm, which is the same as 
the width of the beam. Further downsizing is possible, but not done as is would result in a lower 
stiffness of the structure. 

  
Figure 3.10, Structural floorplan and 3D model of the new situation of variant 2 

New results 
The new results for the lateral displacement at the top are given in Table 3.12. The rest of the results 
can be found in Annex C. These are the maximum values of the forces in the structure sorted by the 
structural element types and load cases.  

Table 3.12, Results lateral displacement at the top of the optimised models 

Variant Lateral displacement 𝒖 [mm] 

1: Core walls with frame structure 130.1 

2: Added internal walls 65.7 

3: Added external walls 72.5 

4: Added truss structure at the perimeter 83.6 

These results are not completely realistic as they are based on assumptions like the stiffness of the 
connections. Especially the connections of the CLT walls are very important as they have to transfer 
the tensile forces from panel to panel. However, these results can be used to compare the variants to 
each other as the same assumptions are made for each variant. 
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3.6. Eurocode Checks 
All structural elements have to satisfy the requirements of EN 1995-1-1 on strength, stability, and 
deflection. The design stress has to be lower than the design value of the strength-property, which is 
calculated as: 

𝑓𝑑 =
𝑓𝑘
𝛾𝑟

∙ 𝑘𝑟𝑖𝑑 ∙ 𝑘ℎ (3.20) 

With: 
𝑓𝑘 Characteristic value of the strength-property 
𝑘𝑟𝑖𝑑 Modification factor for duration of load and moisture content 
𝑘ℎ Height factor  
𝛾𝑟 Partial factor for material properties 

The modification factor value is dependent on the shortest load duration in the considered load 
combination. Table 3.13 gives the valid values for laminated wood and LVL with climate class 1. 

Table 3.13, The values of 𝑘𝑟𝑖𝑑  

Load type Load duration 𝒌𝒓𝒎𝒎 

Self-weight Permanent 0.50 

Permanent floor load Permanent 0.50 

Permanent façade load Permanent 0.50 

Variable floor load Medium-long 0.65 

Snow load Short  0.80 

Wind load Short  0.80 

For laminated timber is the partial factor for material properties 𝛾𝑟 equal to 1.25 and for LVL is 𝛾𝑟 
equal to 1.2. For bending and tension parallel to the grain is the strength property reduced with the 
height factor, which follows from Equation 3.21 for laminated timber. 

𝑘ℎ = 𝑚𝑚𝑛 ��
600
ℎ
�
0,1

1.1       
 (3.21) 

Each element type in the structural variants is checked on their strength capacity with the maximal 
forces found in that element type. As a result the combination unity checks are not completely 
correct as the maximal values taken are in most cases not found in the same element. 

3.6.1. Columns  
Variants 1, 2 and 4 have columns. The axial compression force resulting from the gravity load of the 
structure is enhanced on the leeward side due to wind load on the structure. It is also possible that 
the wind load introduces a tensile force into the columns at the windward side of the building, but 
the tensile force can be countered by the gravity load of the structure. This seemed to be the case as 
there were no tensile forces found in the columns. The wind load on the columns introduces a shear 
force and bending moment. The maximal values of the forces are given in Table 3.14 per variant. 

The cross-section of the columns is 650 x 650 mm, so the area, 𝐴, is 422500 mm2 and the area 
moment of inertia, 𝐼, is 1.49 ∙ 1010 mm4. 
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Table 3.14, The maximal forces in the columns per variant 

Variant  Load combination 𝑵𝒄,𝒎 [kN] 𝑽𝒛,𝒎 [kN] 𝑴𝒚,𝒎 [kNm] 𝑴𝒛,𝒎 [kNm] 

1 ULS-EQU-2 - 61.68 12.71 124.72 

 ULS-STR-7 3396.92 - 13.95 13.63 

2 ULS-EQU-2 - 70.74 144.14 107.76 

 ULS-STR-7 3052.00 - 84.45 84.56 

4 ULS-STR-7 2973.98 - 37.97 37.97 

 ULS-STR-8 3458.53 35.05 44.81 70.11 

Ultimate Limit State 
The compression parallel to the grain has to be checked using: 
𝜎𝑐,0,𝑑

𝑓𝑐,0,𝑑
≤ 1 (3.22) 

Where: 𝜎𝑐,0,𝑑 is the design compressive stress along the grain and 𝑓𝑐,0,𝑑 is the design compressive 
strength along the grain. 

For bending the following equations have to be satisfied: 
𝜎𝑟,𝑦,𝑑

𝑓𝑟,𝑦,𝑑
+ 𝑘𝑟 ∙

𝜎𝑟,𝑧,𝑑

𝑓𝑟,𝑧,𝑑
≤ 1,0 (3.23) 

𝑘𝑟 ∙
𝜎𝑟,𝑦,𝑑

𝑓𝑟,𝑦,𝑑
+
𝜎𝑟,𝑧,𝑑

𝑓𝑟,𝑧,𝑑
≤ 1,0 (3.24) 

Where: 𝜎𝑟,𝑦,𝑑 and 𝜎𝑟,𝑧,𝑑 are the design bending stresses about the y- and z-axis, respectively; 𝑓𝑟,𝑦,𝑑 
and 𝑓𝑟,𝑧,𝑑 are the corresponding design bending strengths. The factor 𝑘𝑟 makes allowance for re-
distribution of stresses and the effect of homogeneities of the material in the cross-section. The 
value of the factor should be taken as 0.7 for rectangular, laminated timber sections. 

The shear stress in the structural elements has to satisfy the following equation: 
𝜏𝑑
𝑓𝑣,𝑑

≤ 1,0 (3.25) 

Where: 𝜏𝑑 is the design shear stress; and 𝑓𝑣,𝑑 is the design shear strength. 

The combination of bending and compression also has to be checked. This is done with Equation 3.26 
and 3.27. 

�
𝜎𝑐,0,𝑑

𝑓𝑐,0,𝑑
�
2

+
𝜎𝑟,𝑦,𝑑

𝑓𝑟,𝑦,𝑑
+ 𝑘𝑟 ∙

𝜎𝑟,𝑧,𝑑

𝑓𝑟,𝑧,𝑑
≤ 1,0 (3.26) 

�
𝜎𝑐,0,𝑑

𝑓𝑐,0,𝑑
�
2

+ 𝑘𝑟 ∙
𝜎𝑟,𝑦,𝑑

𝑓𝑟,𝑦,𝑑
+
𝜎𝑟,𝑧,𝑑

𝑓𝑟,𝑧,𝑑
≤ 1,0 (3.27) 

The last check that has to be carried out for the columns is a check on lateral buckling by 
compression or bending and compression. When the relative slenderness ratios 𝜆𝑟𝑚𝑓,𝑦 and 𝜆𝑟𝑚𝑓,𝑧 are 
smaller than 0.3, then the stresses only have to satisfy the Equations 3.26 and 3.27. The relative 
slenderness ratios are taken as: 

𝜆𝑟𝑚𝑓,𝑦 =
𝜆𝑦
𝜋
∙ �
𝑓𝑐,0,𝑘

𝐸0,05
 𝜆𝑟𝑚𝑓,𝑧 =

𝜆𝑧
𝜋
∙ �
𝑓𝑐,0,𝑘

𝐸0,05
 (3.27) 
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The columns have a square cross-section, so 𝜆𝑟𝑚𝑓,𝑦  and 𝜆𝑟𝑚𝑓,𝑧  are equal to each other. The 
slenderness ratio is: 

𝜆 =
𝑙

�𝐼/𝐴
=

3400
�1.49 ∙ 1010/422500

= 18.12 

This gives a relative slenderness ratio of: 

𝜆𝑟𝑚𝑓 =
18.12
𝜋

∙ �
26.5

10200
= 0.294 

This is lower than 0.3 and, therefore, no other checks than those of Equations 3.26 and 3.27 are 
needed. 

An overview of the maximal values of the unity checks is given in Table 3.15 and the full calculations 
can be found in Annex D. 

Table 3.15, Unity checks ULS of the columns 

 

Unity checks 

Variants 

1 

 

2 

 

4 

Compression stresses 𝝈𝒄,𝟎,𝒎/𝒇𝒄,𝟎,𝒎 0.583 0.524 0.511 

Bending stresses (3.23) 

(3.24) 

0.123 

0.164 

0.270 

0.256 

0.115 

0.125 

Shear stresses 𝝉𝒎/𝒇𝒗,𝒎 0.160 0.183 0.091 

Combined stresses (3.26) 

(3.27) 

0.376 

0.376 

0.492 

0.492 

0.359 

0.359 

3.6.2. Beams  
The load of the floors, façade, and the self-weight of the beams give a shear force and a bending 
moment in the beams. An axial compressive or tensile force can be result of the wind load on the 
structure. The maximal values of the forces are given in Table 3.16 per variant. 

Table 3.16, The maximal forces in the beams per variant 

Variant  Load combination 𝑵𝒔,𝒎 [kN] 𝑵𝒄,𝒎 [kN] 𝑽𝒛,𝒎 [kN] 𝑴𝒚,𝒎  
[kNm] 

𝑴𝒛,𝒎  
[kNm] 

1 ULS-STR-3 307.76 - 98.72 44.03 3.10 

 ULS-STR-4 - 516.36 - 31.64 54.42 

2 ULS-STR-3 - 395.40 92.58 45.75 4.66 

 ULS-STR-4 551.16 401.76 - 39.92 47.87 

3 ULS-STR-3 265.75 159.44 84.51 42.24 2.04 

 ULS-STR-4 - 194.52 - 27.50 14.27 

4 ULS-STR-3 356.84 412.85 96.17 43.90 4.44 

 ULS-STR-4 - 411.91 - 30.12 56.64 
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Ultimate Limit State 
The tension parallel to the grain has to be checked using: 
𝜎𝑠,0,𝑑

𝑓𝑠,0,𝑑
≤ 1 (3.28) 

Where: 𝜎𝑠,0,𝑑 is the design tensile stress along the grain and 𝑓𝑠,0,𝑑 is the design tensile strength along 
the grain. 

Other than the unity checks on the tensile strength, those on the compressive strength (3.22), the 
bending strength (2.23 and 2.24), the shear strength (3.25), and the combination of bending and 
compression strength (3.26 and 3.27) are also verified. 

As for the stability of the beams, they have to be checked on lateral torsional buckling for two cases: 
the case where only a moment 𝑀𝑦 exists about the strong axis y; and with a combination of moment 
𝑀𝑦 and compressive force 𝑁𝑐. The relative slenderness for bending should be taken as: 

𝜆𝑟𝑚𝑓,𝑟 = �
𝑓𝑟,𝑘

𝜎𝑟,𝑐𝑟𝑖𝑠
 (3.29) 

Where 𝜎𝑟,𝑐𝑟𝑖𝑠  is the critical bending stress, which for a rectangular cross-section should be taken as: 

𝜎𝑟,𝑐𝑟𝑖𝑠 =
0.78 ∙ 𝑏2

ℎ ∙ 𝑙𝑚𝑒
∙ 𝐸0.05 (3.30) 

Where: 𝑏 and ℎ are the width and height of the beam, respectively; 𝑙𝑚𝑒 is the effective length of the 
beam, depending on the support and load configuration, and in this case is 𝑙𝑚𝑒 equal to 0.9 ∙ 𝑙; and 
𝐸0,05 is the fifth percentile value of modulus of elasticity parallel to grain. 

In the case where only a moment 𝑀𝑦 exists about the strong axis y, the stresses should satisfy the 
following expression: 

𝜎𝑟,𝑑

𝑘𝑐𝑟𝑖𝑠 ∙ 𝑓𝑟,𝑑
≤ 1 (3.31) 

Where: 𝜎𝑟,𝑑 is the design bending stress; 𝑓𝑟,𝑑 is the design bending strength; and 𝑘𝑐𝑟𝑖𝑠 is a factor 
which takes into account the reduced bending strength due to lateral buckling. 𝑘𝑐𝑟𝑖𝑠  can be 
determined with:  

𝑘𝑐𝑟𝑖𝑠 =

⎩
⎪
⎨

⎪
⎧1                                        𝑓𝑓𝑟 𝜆𝑟𝑚𝑓,𝑟 ≤ 0.75           

1.56− 0.75 ∙ 𝜆𝑟𝑚𝑓,𝑟       𝑓𝑓𝑟 0.75 ≤ 𝜆𝑟𝑚𝑓,𝑟 ≤ 1.4
1

𝜆𝑟𝑚𝑓,𝑟2                               𝑓𝑓𝑟 1.4 ≤ 𝜆𝑟𝑚𝑓,𝑟              
 (3.32) 

The critical bending stress of the used beams, with cross-section 300 x 550, is: 

𝜎𝑟,𝑐𝑟𝑖𝑠 =
0.78 ∙ 3002

550 ∙ 0.9 ∙ 7200
∙ 10200 = 193.18 𝑁/𝑚𝑚2 

This gives a relative slenderness for bending of: 

𝜆𝑟𝑚𝑓,𝑟 = � 28
193.18

= 0.381 

So 𝑘𝑐𝑟𝑖𝑠 is to be taken as 1.0.  
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In the case where a combination of moment 𝑀𝑦 and compressive force 𝑁𝑐 exist, the stresses should 
satisfy the following expression: 

�
𝜎𝑟,𝑑

𝑘𝑐𝑟𝑖𝑠 ∙ 𝑓𝑟,𝑑
�
2

+
𝜎𝑐,0,𝑑

𝑘𝑐,𝑧 ∙ 𝑓𝑐,0,𝑑
≤ 1 (3.33) 

With: 

𝑘𝑐,𝑧 =
1

𝑘𝑧 + �𝑘𝑧2 − 𝜆𝑟𝑚𝑓,𝑧2
 (3.34) 

𝑘𝑧 = 0.5 ∙ �1 + 𝛽𝑐 ∙ �𝜆𝑟𝑚𝑓,𝑧 − 0.3� + 𝜆𝑟𝑚𝑓,𝑧2 � (3.35) 

Where 𝛽𝑐 equal to 0.1 for laminated timber 

An overview of the maximal values of the unity checks is given in Table 3.17 and the full calculations 
can be found in Annex D. 

Table 3.17, Unity checks ULS of the beams 

 

Unity checks 

Variants 

1 

 

2 

 

3 

 

4 

Tensile stresses 𝝈𝒔,𝟎,𝒎/𝒇𝒔,𝟎,𝒎  0.182 0.173 0.143 0.211 

Compression stresses 𝝈𝒄,𝟎,𝒎/𝒇𝒄,𝟎,𝒎 0.185 0.144 0.064 0.182 

Bending stresses (3.23) 

(3.24) 

0.371 

0.446 

0.371 

0.423 

0.183 

0.143 

0.376 

0.457 

Shear stresses 𝝉𝒎/𝒇𝒗,𝒎 0.805 0.613 0.626 0.784 

Combined stresses (3.26) 

(3.27) 

0.405 

0.480 

0.391 

0.444 

0.187 

0.147 

0.398 

0.479 

Lateral torsional buckling (3.31) 

(3.33) 

0.198 

0.397 

0.167 

0.314 

0.173 

0.140 

0.198 

0.407 

Serviceability Limit State 
The maximal deflection of the beams is found with load combination SLS-CHA-1 and the results are 
given in Table 3.18. 

Table 3.18, The maximal deflection of the beams 

Variant Maximal deflection 𝒘 [mm] 

1 3.8 

2 3.9 

3 4.0 

4 4.2 

The maximal deflection of the beams, 𝑤𝑟𝑠𝑚, is not allowed to be larger than l/250, which is 28.8 mm 
Therefore, the beams of all variants satisfy this requirement with a big margin.  
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3.6.3. Walls  
There are two types of walls, namely the core walls, which are the same for each all variants, and the 
added stability walls of variants 2 and 3.  

Due to the gravity forces an axial compression force is present in the walls. The wind load introduces 
an axial tensile force, but also enhances the maximal compression force. Furthermore, it gives a 
shear stress in the walls. The maximal forces and stresses in the core walls are given in Table 3.19 
and those in the added stability walls are given in Table 3.20. 

Table 3.19, The maximal forces core walls per variant 

Variant  Load combination 𝑵𝒔,𝒚 [kN/m] 𝑵𝒄,𝒚 [kN/m] 𝝉𝒓𝒔𝒎,𝒎 [N/mm2] 

1 ULS-EQU-2 1653.56 2526.06 0.5 

2 ULS-EQU-2 1100.83 1866.46 0.6 

3 ULS-EQU-2 1044.06 1917.55 1.1 

4 ULS-EQU-2 1146.90 2013.93 1.3 

Table 3.20, The maximal forces added stability walls per variant 

Variant  Load combination 𝑵𝒔,𝒚 [kN/m] 𝑵𝒄,𝒚 [kN/m] 𝝉𝒓𝒔𝒎,𝒎 [N/mm2] 

2 ULS-EQU-2 1780.62 2674.28 0.3 

3 ULS-EQU-2 564.79 1880.28 0.8 

Ultimate Limit State 
The walls have to satisfy the requirements of Equations 3.22, 3.25, and 3.28. An overview of the 
maximal values of the unity checks of the core walls is given in Table 3.21 and for the added stability 
walls of variant 2 and 3 in Table 3.22. The full calculations can be found in Annex D. 

Table 3.21, Unity checks ULS of the core walls 

 

Unity checks 

Variants 

1 

 

2 

 

3 

 

4 

Tensile stresses 𝝈𝒔,𝟎,𝒎/𝒇𝒔,𝟎,𝒎  0.746 0.497 0.471 0.614 

Compression stresses 𝝈𝒄,𝟎,𝒎/𝒇𝒄,𝟎,𝒎 0.836 0.617 0.634 0.791 

Shear stresses 𝝉𝒎/𝒇𝒗,𝒎 0.244 0.293 0.537 0.635 

Table 3.22, Unity checks ULS of the added stability walls 

 

Unity checks 

Variants 

2: Internal walls 

 

3: External walls 

Tensile stresses 𝝈𝒔,𝟎,𝒎/𝒇𝒔,𝟎,𝒎  0.803 0.255 

Compression stresses 𝝈𝒄,𝟎,𝒎/𝒇𝒄,𝟎,𝒎 0.885 0.622 

Shear stresses 𝝉𝒎/𝒇𝒗,𝒎 0.126 0.391 
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3.6.4. Floors 
The floors have to carry their own weight and a variable floor load. These loads give a shear force and 
a bending moment in the floors. The stresses resulting from these loads are verified using the 
software of the manufacturer, named Finnwood 2.4 NL. The results of this calculation can be found 
in Annex D.5. 

Wind load 
The floors also have to transfer, together with the beams, the wind load to the core walls. The 
resulting forces in the floor are an axial force and a shear force. It will be assumed that the axial force 
be taken care of by the ribs and the shear force by the deck of the floor. Load combination ULS-STR-4 
is used to find the maximal forces in the floor due to wind (see Table 3.23). 

Table 3.23, Maximal shear force due to wind floors 

Variant  Load combination 𝝉𝒓𝒔𝒎,𝒎 [N/mm2] 

1 ULS-STR-4 0.6 
2 ULS-STR-4 0.5 
3 ULS-STR-4 0.4 
4 ULS-STR-4 0.4 

The maximal axial force possible in a rib of the floor resulting from the wind load: 

 𝑁𝑐,𝑑 = 1.5 ∙ 𝑄𝑤 ∙ ℎ𝑠𝑠𝑖𝑟𝑚𝑦 ∙ 𝑏𝑚𝑒 = 1.5 ∙ 2.40 ∙ 3.4 ∙ 0.585 = 7.16 𝑘𝑁 

The ribs of the floor have a cross-section of 51 x 400 mm and the characteristic compression 
strength, 𝑓𝑐,0,𝑘, of the ribs is 35.0 N/mm2. So, the design stress and strength are: 

𝜎𝑐,0,𝑑 = 7.16 ∙ 103/(51 ∙ 400) = 0.35 𝑁/𝑚𝑚2 

𝑓𝑐,0,𝑑 =
35
1.2

∙ 0.8 = 23.33 𝑁/𝑚𝑚2 

The unity check according to Equation 3.22 gives: 

𝜎𝑐,0,𝑑

𝑓𝑐,0,𝑑
=

0.35
23.33

= 0.015 

So the ribs have more than the needed capacity.  

The floor also has to satisfy the requirement of Equation 3.25. The values of the shear stress found 
with the FE software are for a plate with a thickness of 100 mm. The deck is 25 mm thick, so the 
found values have to be multiplied with four. The design shear strength of the Kerto-Q deck is: 

𝑓𝑣,𝑑 =
2.3
1.2

∙ 0.8 = 1.53 𝑁/𝑚𝑚2 

 The values of the unity checks are given in Table 3.24.  

Table 3.24 Unity check on the shear stress of the deck of the floor due to wind load 

 

Unity checks 

Variants 

1 

 

2 

 

3 

 

4 

Shear stresses 𝝉𝒎/𝒇𝒗,𝒎 1.565 1.304 1.043 1.043 
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The floor does not meet the requirement on shear stress as the deck of the floor is not thick enough. 
Three options are possible to increase the shear capacity of the floor: making the deck thicker; 
adding another deck on top in an overlapping pattern to have the whole floor area act as one; or 
changing the floor system. The second option is chosen. 

 

3.6.5. Diagonals  
Only variant 4 has diagonals. The wind load introduces a tensile or a compressive force into the 
diagonals. The shear force and bending moment are the result of the self-weight of the diagonals. 
Table 3.25 gives the maximal results of these forces. 

Table 3.25, The maximal forces diagonals 

Variant  Load combination 𝑵𝒔,𝒎 [kN] 𝑵𝒄,𝒎 [kN] 𝑽𝒛,𝒎 [kN] 𝑴𝒚,𝒎  
[kNm] 

𝑴𝒛,𝒎  
[kNm] 

4 ULS-EQU-2 179.65 - - - - 

 ULS-STR-1 - - 0.88 1.09 0.00 

 ULS-STR-4 - 250.78 - 0.97 0.00 

The cross-section of the diagonals is 300 x 300 mm, so the area, 𝐴, is 90000 mm2 and the area 
moment of inertia, 𝐼, is 6.75 ∙ 108 mm4. 

The diagonals are checked on their compressive strength (3.22), tensile strength (3.28), bending 
strength (2.23 and 2.24), shear strength (3.25), and the combination of bending and compression 
strength (3.26 and 3.27). It has to be verified whether other checks than those of the combined 
stresses are needed for buckling. So the relative slenderness ratios have to be calculated. The 
columns have a square cross-section, so 𝜆𝑟𝑚𝑓,𝑦 and 𝜆𝑟𝑚𝑓,𝑧 are equal to each other. The slenderness 
ratio is: 

𝜆 =
𝑙

�𝐼/𝐴
=

4883.6
�6.75 ∙ 108/90000

= 56.39 

This gives a relative slenderness ratio of: 

𝜆𝑟𝑚𝑓 =
56.39
𝜋

∙ �
26.5

10200
= 0.915 

This is higher than 0.3 and therefore, additionally to the checks of Equations 3.26 and 3.27, are the 
following checks needed: 
𝜎𝑐,0,𝑑

𝑘𝑐,𝑦 ∙ 𝑓𝑐,0,𝑑
+
𝜎𝑟,𝑦,𝑑

𝑓𝑟,𝑦,𝑑
+ 𝑘𝑟 ∙

𝜎𝑟,𝑧,𝑑

𝑓𝑟,𝑧,𝑑
≤ 1,0 (3.36) 

𝜎𝑐,0,𝑑

𝑘𝑐,𝑧 ∙ 𝑓𝑐,0,𝑑
+ 𝑘𝑟 ∙

𝜎𝑟,𝑦,𝑑

𝑓𝑟,𝑦,𝑑
+
𝜎𝑟,𝑧,𝑑

𝑓𝑟,𝑧,𝑑
≤ 1,0 (3.37) 

𝑘𝑐,𝑦 and 𝑘𝑐,𝑧 are equal to each other because the diagonal has a square cross-section, and they are 
calculated using Equations 3.34 and 3.35. 

An overview of the maximal values of the unity checks of the diagonals is given in Table 3.26. The full 
calculations can be found in Annex D. 
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Table 3.26, Unity checks ULS of the diagonals 

Unity checks Variant 4 

Tensile stresses 𝝈𝒔,𝟎,𝒎/𝒇𝒔,𝟎,𝒎  0.149 

Compression stresses 𝝈𝒄,𝟎,𝒎/𝒇𝒄,𝟎,𝒎 0.164 

Bending stresses (3.23) 

(3.24) 

0.020 

0.014 

Shear stresses 𝝉𝒎/𝒇𝒗,𝒎 0.017 

Combined stresses (3.26) 

(3.27) 

0.038 

0.035 

Buckling stability (3.36) 

(3.37) 

0.211 

0.207 

  



 

 
 

43 R.L. de Jong | Tall Timber Buildings 

3.7. Dynamic Behaviour 
Tall buildings are known to be susceptible to dynamic wind load. The vibration due to the dynamic 
wind can be deemed as disturbing to humans if the acceleration exceeds a limit. The Dutch national 
annex of EN 1990 gives values for the acceleration limit depending on the natural frequency and the 
function of the building. Figure 3.11 shows these values. 

 
Figure 3.11, The acceleration limit according to EN 1990 

Use 1 includes the function offices and Use 2 includes the function residential. The values of the 
building have to be below to curve of Use 2 as the curve is normative for this study.  

3.7.1. Eurocode 
The Dutch national annex of EN 1990 gives an approximation method for the acceleration due to 
wind. For buildings with a mass that is equally divided over the height, and for vibrations in the wind 
direction, it is allowed to take the acceleration due to wind vibrations as: 

𝑎𝑤𝑖𝑚𝑑 = 1.6 ∙
𝜙2 ∙ 𝑝𝑣𝑤,1 ∙ 𝑐𝑜𝑚 ∙ 𝑏𝑟

𝜌𝑓
 (3.38) 

Where 𝜙2 is the dynamic factor for vibration due to the wind; 𝑝𝑣𝑤,1 is the dynamic part of the wind 
pressure, in N/m2; 𝑐𝑜𝑚 is the sum of the external pressure coefficient for pressure and suction; 𝑏𝑟 is 
the mean width of the building perpendicular to the wind direction, in meters; 𝜌𝑓 is the mass of the 
building including its contents (the effect of the quasi permanent load combination divided by the 
acceleration of gravity) per meter height in kg/m. 

The dynamic factor for vibration due to the wind is calculated as: 

𝜙2 = � 0.0344 ∙ �𝑛1,𝑚�
−2/3

𝐷 ∙ �1 + 0.12 ∙ 𝑛1,𝑚 ∙ ℎ� ∙ �1 + 0.2 ∙ 𝑛1,𝑚 ∙ 𝑏𝑟�
 (3.39) 

Where 𝑛1,𝑚is the natural frequency of the structure according to EN-1991-1-4; and 𝐷 is the damping 
value for of the buildings, which is taken as 0.05. The natural frequency is calculated as: 

Where ℎ is the height of the building, which is 102 meter. 

𝑛1,𝑚 =
46
ℎ

 (3.40) 
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The dynamic wind load is equal to: 

𝑝𝑣𝑤 = 100 ∙ ln �
ℎ

0.2
�  (3.41) 

Which is 623.4 N/m2. 

The value of 𝑐𝑜𝑚 is equal to 1.37 as calculated in Annex B. The building has a mean width of 28.8 
meter. For the calculation of the mass of the building is taken into account: the self-weight of the 
structure, the permanent floor load, the façade load, and the variable floor load for the functions 
offices and residential. The quasi-permanent load combination is used, so the variable floor load is 
multiplied with the combination value 𝜓𝑖,2, which is 0.3 for offices and residential functions. Table 
3.27 gives the calculated values of the natural frequency, the dynamic factor, the mass of the 
building, and the acceleration due to wind vibrations. 

Table 3.27, The natural frequency of the building and the acceleration due to wind vibrations 

 𝒏𝟏,𝒎 [Hz] 𝝓𝟐 𝝆𝒍 [kg/m] 𝒔𝒘𝒘𝒏𝒎 [m/s2] 
Variant 1 0.451 0.223 69828.80 0.126 
Variant 2 0.451 0.223 74135.66 0.119 
Variant 3 0.451 0.223 79789.76 0.110 
Variant 4 0.451 0.223 71524.86 0.123 
 

3.7.2. Modal Calculation with SCIA Engineer 
The natural frequencies of the structural variants are also calculated with a modal calculation in SCIA 
Engineer. The results are given in Table 3.28. It was concluded that the program SCIA Engineer 
cannot be used to calculate the accelerations of the structure due to wind load. 

Table 3.28, The natural frequency calculated with SCIA Engineer 

 𝒏𝟏,𝒎 [Hz] 
Variant 1 0.509 
Variant 2 0.735 
Variant 3 0.669 
Variant 4 0.668 

It is noticed that the natural frequency of variant 1 is more similar to the frequency calculated 
according to EN-1991-1-4 than the variants with added stability elements, which have a higher 
natural frequency. 

3.7.3. Conclusions 
The acceleration values obtained with the Eurocode are all within the required limit of Use 2, see 
Graph 3.1. 

The natural frequencies calculated with the Eurocode are an assumed value and not completely 
correct. The values calculated with SCIA Engineer are all higher, especially the variants with extra 
stability elements. This could have been expected as the assumption is more on concrete or steel 
buildings.  

The FEM calculations show that the addition of the stability elements results in a higher natural 
frequency. When combining this information with the Eurocode calculation it can be assumed that 
the variants with added stability elements will have a lower acceleration due to wind, as their natural 
frequency is lower and the total mass of the structures is higher. 
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Graph 3.1, The acceleration calculated with EN 1990 
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3.8. Comparison 
The four structural variants are compared on several subjects before the optimal variant can be 
chosen.  

3.8.1. Maximal Lateral Displacement at the Top 
The stiffness’s of the structural variants can be compared to each other using the lateral 
displacement at the top of building, because the conditions like building dimensions, wind load, and 
connections, are the same for all variants. The maximal allowed deflection at the top is the height 
divided by 800, which is 127.5 mm. Graph 3.2 gives the lateral displacements. 

 
Graph 3.2, Maximal lateral displacement at the top 

The first conclusion that can be made, is that variant 1 does, like was expected, not satisfy the 
requirement on the maximal lateral displacement. The other variants do meet the requirement with 
quite a large marge. So there is room for more displacement due to a different than assumed 
stiffness’s of the connections. It also shows that adding the stability elements to variant 1 really 
functions as expected. 

Variant 4 has a slightly lower stiffness than variant 3. Thus, from this subject it can be concluded that 
it would be better to have walls than diagonals on the perimeter as extra stiffness elements. 

Variant 2 has the lowest lateral displacement. Noteworthy is that the total length of the added 
internal walls of variant 2 is half the total length of the added external walls of variant 3. Therefore, it 
could be concluded that the internal walls are more effective than the external walls, neglecting the 
effect of the connections between the walls. 

3.8.2. Stresses in Elements 
The maximal stresses in the elements can be compared to see if the stresses are higher for a certain 
variants. This could indicate that the structural element is used in more optimal way in that variant. 
For variants with lower stresses in the elements it is possible to further optimise the dimensions. 
However, that is not the intention of this comparison, so a higher unity check value will be seen as 
more favourable. 

Columns 
All columns of all variants have the same cross-section dimensions. Only variant 3 has no columns. 
The unity checks on the stresses in the columns are given in Graph 3.3. 
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Graph 3.3, Unity checks of the columns of the structural variants  

The highest unity check values for compression are found for load combination ULS-STR-7 and 
variant 2 and 4 are similar to each other. However, the highest compression force in variant 4 was 
found for a load combination with the wind load placed on the structure. The wind load introduces a 
possible axial tensile force in the columns and walls, but also could enhance the compression force in 
those elements. For variant 4 this is the case as the diagonals add stiffness to the structure at the 
perimeter so the columns get a bigger share of the wind load distributed to them. 

The bending stresses are a lot higher in variant 2 compared to the other two variants. The reason 
could that variant 2 is more susceptible to torsion of the structure than the other variants. In general 
are the columns of variant 2 utilised in the most efficient manner in the case of used material. 

Beams 
All variants have beams with a length of 7.2 meter and with the same cross section-dimensions. The 
results of the maximal stresses in the beams are given in Graph 3.4. 

 
Graph 3.4, Unity checks of the beams of the structural variants  

The first conclusion that can be made is that variant 3 has the lowest values in most unity checks. The 
reason for this is that variant 3 has no beams in the façade and the façade beams are tbe beams with 
the highest load on them. The beams can be further optimised for this variant. 
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The beams of variant 1 and 4 are the more similar to each other in the unity check values. The shear 
stress is the determining stress in the beams for the dimensioning of the cross-section. For both the 
first and fourth variant are the beams utilised in the most efficient manner. 

Core walls  
The core walls are the same in all variants. The results of the maximal stresses in the core walls are 
given in Graph 3.5. 

 
Graph 3.5, Unity checks of the core walls of the structural variants  

Adding the stability elements results in lower tensile and compressive stresses in the core walls, 
which is more apparent for variant 2 and 3 than for variant 4.  

Variant 3 and 4 have a higher maximal shear stress in the core walls, while variant 2 has a similar 
shear stress to variant 1 in the core walls. The locations of the added stability elements could be the 
explanation for this. The added internal walls of the second variant are placed in line with the outer 
core walls, so they probably work together with the core walls in a better manner to transfer the 
wind load to the foundation. The length of added walls is also very important. The added internal 
walls of variant 2 are double  the length of the added external walls of variant 3 and, therefore, the 
shear forces can be transferred to the foundation under a more favourable angle.  

The unity checks of variant 4 are significantly higher than those of the other two variants with added 
stability elements. This could mean that the diagonals do not function properly in the way intended. 

Added stability elements 
The added stability elements of all three variants can only be compared on the tensile and 
compressive forces (Graph 3.6) as it would not be fair to compare them on the shear stresses as the 
cross-section of the diagonals is completely different from that of the stability walls.  

The tensile and compressive forces in the diagonals of variant 4 are considerably lower compared to  
the other two variants. The explanation could be that the diagonals are not really utilised in the way 
intended.  

The tensile force is considerably lower in the external stability walls than in the internals stability 
walls, which could be due to the fact that the total added internal wall length is half of that of the 
external walls. The locations could also be part of the reason as the extremal walls are evenly spread 
over the perimeter, while internal walls reach the perimeter at only four points, and the tensile force 
will be the highest at the most outside points of the structure. Concluded is that the internal walls 
are utilised the best to their capacity. On the other hand, a lower tensile force is favourable for the 
design of the vertical connections between the walls. 
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Graph 3.6, Axial forces in the added stability elements of the structural variants  

3.8.3. Quantity 
The quantity of the structural variants is compared on two points: the mass and the number of 
elements of the structures. The mass of the variants is shown in Graph 3.7. The floors and core walls 
are not included in the calculation of the mass as they are the same for every variant. 

 
Graph 3.7, Total mass of the structural variants without the floors and core walls.  

Of course, all three variants with the added stability elements are heavier than variant 1. Variant 3 
has the highest total mass as the CTL wall panels are quite heavy. The second variant has a lower 
mass as the total length of the added stability walls is half the total length of the added walls of 
variant 3. 

A higher total mass of the structure will result in a heavier foundation, which will add on the mass of 
the structure and will make the building more expensive. Furthermore, the total mass of one 
element is an important issue as it will affect the weight of the needed crane on the construction 
site. 

The total number of elements is given in Graph 3.8. In this calculation the floors and core walls are 
also neglected. It is assumed that the maximal length of the CLT walls is 14.4 meter. 
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Graph 3.8 Total number of elements of the structural variants without the floors and core walls.  

Variant 4 has by far the most elements with the number of diagonals added to the columns and 
beams, which are exactly the same number of elements as in variant 1. This will mean more labour 
on the building site to assemble the structure. 

Variant 2 has a slightly lower number of elements compared to variant 1 as every added internal 
stability wall replaces a column and a beam. The third variant has the lowest number of elements, 
which will result in the least amount of labour of site and, therefore, also a faster construction time. 

3.8.4. Dynamic Behaviour 
The dynamic behaviour of all variants complies with the requirements. Variants with added stability 
elements have a higher natural frequency and a lower acceleration due to wind. However, the values 
of those variants are still with*-in the same range, so it cannot be concluded that a variant is better 
than the others on this subject. 

3.8.5. Flexibility in Design 
The first variant has a high flexibility in floor plan layout and façade design. By adding the stability 
elements some of that flexibility will be lost. Variant 2 does not lose any flexibility in façade design, 
but does in the floor plan layout. However, since four of the eight added internal walls are removed 
during optimization, it is not as worse as it was. The area without any walls in between on the 
floorplan of variant 2 is 155.5 m2, which is more than twice the smallest amount of required surface 
area for the apartments (paragraph 2.1.1.). Furthermore, it is possible to create an opening in the 
internal stability walls. 

Variants 3 and 4 only lose flexibility in façade design. This is especially the case for variant 3 as half of 
the façade consist of walls without the possibility for placing openings. Variant 4 does not lose a lot 
of flexibility as it is still possible to have a glazed façade on the whole perimeter. 
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3.9. Conclusions 

Structural variants 
There are four structural variants that are compared to each other. The first variant has a core 
structure with a frame structure around it. The other three variants are based on the first variant, but 
have extra stability elements added to them. Variant 2 had eight added internal stability walls in the 
beginning, which are in line with the walls of the core, but during the optimisation process four of 
the eight walls were taken out. The third variant has added external walls at the perimeter. The walls 
are each full height walls without openings and with a length of 3.6 meter. They are connected to 
each other with 3.6 meter long  integrated beams. Variant 4 has a truss structure at the perimeter by 
added diagonal to the structure of the first variant.  

The optimal variant 
All properties of the structural variants, the load cases, and load combinations are modelled in SCIA 
Engineer and the results are used to compare the variants to each other. The first conclusion is that 
variant 1 does not meet, as was expected, the requirement on the maximal lateral displacement and, 
therefore, this variant is eliminated. 

Concluded from the comparison on the stresses in the structural elements is that the diagonals of 
variant 4 do not function properly in the way intended. The diagonals are also a lot of extra elements 
that have to be added to the structure, which means more labour on site. Hence, variant 4 is 
eliminated.  

The added stability elements of variant 2 utilise their strength capacity in the best way. Furthermore, 
the lateral displacement due to wind is the least for variant 2, so this variant has the highest stiffness 
even though the total length of the added stability walls is half of that of variant 3. The location of 
the internal walls could be the reason as they are connected to the core, thus they work together 
more effectively. Another reason could be the length of one wall, which for variant 2 is twice the 
length of a wall in variant 3. Lastly, the walls in the third variant are connected to each other using 
beams. 

Variant 2 is chosen as the optimal variant and will be further elaborated in the next chapters. One 
important issue for the stiffness of the structure is the connection between the core walls and the 
internal stability wall. 

Floor structure 
The shear capacity of the floor structure was not big enough to transfer the wind load to the core. It 
has been chosen to add another deck on top of the floor system in an overlapping pattern. This way, 
the shear capacity of the floor is increased as well as the diaphragm behaviour of the floor. 
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4. Fire Safety Design 
Fire safety design is important in every building, but timber buildings in particular have a reputation 
of fire risk, which is not necessary in all cases. Therefore, the choices for fire safety design of the case 
study building with the structure of variant 2 are presented in this chapter. 

4.1. Fire Safety Concepts 
Fire safety concepts are used to minimalize the loss in a fire and they are based on the fire safety 
objectives. In NEN-EN 1991-1-2, Eurocode 1, the objectives are stated as: ‘the construction works 
must be designed and built in such a way, that in the event of an outbreak of fire: 

• the load-bearing resistance of the construction can be assumed for a specified period of 
time; 

• the generation and spread of fire and smoke within the works is limited; 
• the spread of fire to neighbouring construction works is limited; 
• the occupants can leave the works or can be rescued by other means; 
• the safety of rescue teams is taken into consideration.’ [10] 

The concepts can be divided in active and passive concepts. These are described in the next 
subparagraphs. 

4.1.1. Active Fire Safety Concepts 
The active concepts relay on quick detection of a fire in order to extinguish in its growth phase and to 
prevent flashover. Early detection also gives people time to evacuate and the possibility to remove 
materials. These concepts lead to limited damage and no building collapse. Sprinklers and smoke or 
heat detection systems are fire suppression measures adopted in these concepts and it is common to 
see them in tall buildings. 

4.1.2. Passive Fire Safety Concepts 
For passive fire safety concepts protection measures are incorporated in the building by use of 
materials, products, and elements. The fire and smoke spread has to be limited to a fire 
compartment. An element of the building is required to be able to keep it function for a certain 
period for time, in order for people to evacuate safely. This time is prescribed in Building codes as the 
fire resistance. For a building taller than 13 meter, the fire resistance of the main structure has to be 
at least 240 minutes for a residential function, but when a sprinkler installation is installed the 
needed fire resistance becomes 120 minutes. 

 In general, there are two passive methods: the encapsulation method and the charring method. A 
combination of these two is also possible. 

Encapsulation method 
The principle of the encapsulation method is to protect the timber elements to keep them from 
burning during minimally the required fire resistant time. The timber elements will be cladded with a 
non-combustible material like gypsum board, cement-bonded panels, or insulation material. These 
materials will also be applied to walls and floors that encase a fire compartment, so a complete fire 
burn-out is only reached in the compartment where the fire ignited.  

Finite charring method 
Although wood is combustible, it does have preferable burning characteristics. When it burns a 
charcoal layer is created. The charcoal layer is an insulator, which protects the timber from a fast 
temperature increase. The cross-section of a timber element will as a result be reduced slowly over 
time.  
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Fire resistance ratings can be achieved by oversizing the structural timber elements. Consequently,  
extra capacity is created, so that the structure keeps its needed load bearing capacity even when the 
cross section is reduced. The thickness of the sacrificial layer of an element can be calculated with 
charring rates.  

There are two simplified approaches described in EN 1995-1-2: the “reduced cross section method” 
and the “reduced properties method”. The Dutch national annex states that the first method has to 
be used. 

Protection of connections is also very important when this concept is chosen. Steel components need 
to be protected from fire as steel loses its strength and stiffness when it is exposed to high 
temperatures. They can be protected by a layer of wood.  

This method will not be beneficial for light timber framing as they consist of structural elements with 
small cross-sections. However, it is a good option for mass timber structures. Mass timber elements 
have bigger cross-sections and oversizing is possible.  
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4.2. Load Combinations 
Load combinations of actions for accidental design situations in the Ultimate Limit State (ULS) are in 
EN 1990 given as: 

𝐸𝑑 = �𝐺𝑘,𝑗
𝑗≥1

 ′ + ′𝐴𝑑  ′+ ′ (𝜓1,1 𝑓𝑟 𝜓2,1) ∙ 𝑄𝑘,1 ′+ ′ �𝜓2,𝑖 ∙ 𝑄𝑘,𝑖
𝑖≥1

 (4.1) 

With: 
𝜓𝑖 is a combination value of a variable action 
𝐺𝑘 is the characteristic value of the permanent action 
𝐴𝑑 is the design value of an accidental action 
𝐺𝑘,1 is the characteristic value of the main variable action 
𝐺𝑘,𝑖 is the characteristic value of an accompanying variable action 

The values of the permanent load, the variable floor load, and the variable wind load can be found in 
paragraph 3.3.1. The snow load is neglected in the case of a fire. The influence of the load has to be 
determined at start of the fire, so t = 0 minutes. 

The reduction factor that is allowed for imposed floor loading in multi-storey constructions for the 
design of vertical elements like columns and walls is given in the paragraph 3.32. The combination 
values, 𝜓𝑖, can be found in Table 3.7. 

All relevant loading combinations for the fire safety design are given in Table 4.1. The first two 
combinations, ULS-FIRE-1 and ULS-FIRE-2, are used for the beams and floor structures. Combinations 
ULS-FIRE-3 and ULS-FIRE-4 are applied for the walls and columns. 

Table 4.1, Load combinations ULS Fire 

Load combinations LC1 LC2 LC3 LC4 LC5 LC6 

ULS-FIRE-1 1.0 1.0 1.0 𝜓1,𝑖 - - 

ULS-FIRE-2 1.0 1.0 1.0 𝜓2,𝑖 - 𝜓1 

ULS-FIRE-3 1.0 1.0 1.0 𝜓1,𝑖 ∙ 𝛼𝑚,𝑖 - - 

ULS-FIRE-4 1.0 1.0 1.0 𝜓2,𝑖 ∙ 𝛼𝑚,𝑖 - 𝜓1 
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4.3. Reduced Cross-section Method 
The finite charring method will be used in this thesis and only if the fire resistance cannot be assured 
with this method alone, it will be combined with the encapsulation method. The Dutch national 
annex to EN 1995-1-2 states that the reduced cross-section method has to be used for the calculation 
of the mechanic resistance of the structure to fire. This method only takes the effective cross section 
into account and neglects the reduced strength and stiffness properties. The effective charring depth 
has to be calculated with:  

𝑑𝑚𝑒 = 𝑑𝑐ℎ𝑠𝑟,𝑚 + 𝑘0 ∙ 𝑑0 (4.2) 

The part 𝑘0 ∙ 𝑑0 is an additional cross-section reduction to compensate for the neglected strength 
reduction. 𝑑0 is 7 mm and the factor 𝑘0 for unprotected surfaces is defined with Table 4.2.  

Table 4.2, Determination of 𝑘0 for unprotected surfaces with 𝑡 in minutes. 

 𝒌𝟎 

𝒔 < 20 min 𝑡/20 

𝒔 ≥ 20 min 1.0 

The notional charring depth is calculated with Equation 4.3. 

𝑑𝑐ℎ𝑠𝑟,𝑚 = 𝛽𝑚 ∙ 𝑡 (4.3) 

The notional charring rate 𝛽𝑚  includes the effect of corner rounding’s and fissures. For glue- 
laminated timber is the charring rate equal to 0.7 and KLH Massivholz GmbH gives a charring rate of 
0.76 for their CLT panels [11]. These values are used for the calculations. 

The design values of the strength and stiffness properties have to be calculated with: 

𝑓𝑑,𝑒𝑖 = 𝑘𝑟𝑖𝑑,𝑒𝑖 ∙
𝑘𝑒𝑖 ∙ 𝑓𝑘
𝛾𝑟,𝑒𝑖

 (4.4) 

𝑆𝑑,𝑒𝑖 = 𝑘𝑟𝑖𝑑,𝑒𝑖 ∙
𝑘𝑒𝑖 ∙ 𝑆05
𝛾𝑟,𝑒𝑖

 
(4.5) 

With: 
𝑓𝑘 is the characteristic value of the strength-property 
𝑆05 is the 5 % fractile of a stiffness property at normal temperature 
𝑘𝑟𝑖𝑑,𝑒𝑖 is the modification factor for fire 
𝑘𝑒𝑖  is the factor used to calculate the 20% lower property value  
𝛾𝑟,𝑒𝑖 is the partial factor for timber in fire 

For fire resistance calculations of timber structures, the material factor 𝛾𝑟,𝑒𝑖 is equal to 1.0 and the 
factor 𝑘𝑒𝑖  is 1.15 for laminated timber. The modification factor 𝑘𝑟𝑖𝑑,𝑒𝑖 is equal to 1.0 as the strength 
and stiffness are not reduced in this method.  

EN 1995-1-2 states that for the calculations of the mechanic resistance of the structure to fire, the 
cross-sections do not have to be checked on tension perpendicular to the grain and on shear. 

The calculations of the fire resistance of the structural elements can be found in Annex E.  
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4.3.1. Columns 
The number of sides charring is dependent on how and where the façade is connected to the 
structure of the building. So, to be conservative, it is chosen to have the column exposed to the fire 
at all four its sides. 

The original dimensions of the column are 650 x 650 mm. The effective charring depth for glue 
laminated timber at 120 minutes is 91.0 mm. So the effective cross-section becomes 468 x 486 mm 
(Figure 4.1). With this cross-section the column more than satisfies the strength capacity and stability 
requirements during the 120 minutes fire resistance.  

 

 

Figure 4.1, Charring column Figure 4.2, Charing beam  

4.3.2. Beams 
The floor system protects nearly completely the sides of the beams as it is 482 mm high with extra 
fire protecting measures and the original dimensions of the beam are 300 x 550 mm. The remaining 
unprotected height of the beam is less than the charring depth of 120 minutes of the underside. 
Therefore, it is assumed that the beams only char from the underside. 

The beams do not fail within the 120-minute required fire resistance. The effect cross-section 
becomes 300 x 459 mm, see Figure 4.2.  

4.3.3. Walls 
The core walls and the extra internal stability walls are considered differently because the regarded 
fire compartment is the area of one floor minus that of the core. Therefore, the extra internal 
stability walls are exposed to the fire on two sides and the core walls only on one side. 

The effective charring depth for CLT at 120 minutes is 98.2 mm. The original width of the walls, 387 
mm, is reduced to 288.8 mm for the core walls and 190.6 mm for the extra internal walls. From 
Figure 4.3 it can be concluded that the core walls have two layers of 43 mm and a layer of 86 mm 
left, which is the effective area for the axial forces, and the internal walls only have two 43 mm layers 
left. Both type of wall more that satisfy the capacity requirements, so no changes are needed.  

  
Figure 4.3, Charring of the core (left) and internal stability (right) walls 
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An issue for CLT can be delamination during a fire. Delamination occurs when the charring front 
reached the polyurethane adhesive, which then loses bonding strength. This results in fall-off and 
exposure of new layer of wood to the fire. This effect might be prevented by applying a thicker top 
lamella, which ensures the charring front does not reach the adhesive layer [12]. The walls have a 
thicker outer layer that is nearly equal to the charring layer. Within the 120 minutes, delamination 
will not be a problem for the walls of this project. 

4.3.4. Floor 
The manufacturer of the Ripa floor, MetsäWood, states that the standard fire resistance ratio is 30 
minutes, but that a fire resistance ratio up to 120 minutes is possible. This is done by adding gypsum 
board at the underside of the floor and/or adding rockwool insulation between the ribs. 
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4.4. Failure of Elements 
The robustness of a structure is really important, especially in the case of one of the structural 
elements failing. Neighbouring structural elements must have enough remaining capacity to take 
over the forces of the failing element. The capacity of the connections is also really important. If they 
cannot transfer the forces to the other elements, then further failure of surrounding elements will be 
a fact. 

There are several scenarios of failing structural elements and the most likely to happen are: failure of 
a column, beam, internal wall, or floor. It is not likely that a whole core walls fails. For column and 
wall scenarios the element with the highest internal forces is chosen to be eliminated from the SCIA 
Engineer model to calculate the new force distribution. Figure 4.4 shows the locations of the 
supposed failed elements, both on the ground floor. It is assumed in these scenarios that the 
connections have enough capacity to transfer the loads and that the neighbouring elements are 
charring due to the fire. 

 
Figure 4.4, Locations of the supposed failed elements 

Column failure 
The first scenario is the failure of a column on the ground floor during a fire. When this column fails 
the neighbouring columns, walls, and beams have enough capacity to take over the load that was 
initially on that column. So the structure is robust enough. 

When one of the façade beams that have to transfer those loads, fails, then the above column will 
also fail and it will be a case of partial collapse. It is not likely that the beams on the levels above are 
also flawed, so progressive collapse is a very unlikely. 

Internal wall failure 
The walls above a failed internal stability wall will form a tension tie to keep the above structure from 
collapsing. The neighbouring columns, walls, and beams will be able to carry the extra load that is 
redistributed to them. The structure can be seen as robust; however, the capacity of the connections 
is crucial in this scenario.  
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Beam failure  
It could be possible that a beam fails during the required fire resistance. In this case the floor 
supported by that beam will naturally also fail and the columns will miss one of its stability elements 
in the horizontal direction, so it will be become more prone to buckling. Therefore, the lateral 
buckling is checked for the case of a buckling length twice the storey height and the column will not 
fail in this situation.  

Floor failure 
Failure of a beam or wall could lead to failure of a floor as it will miss one of its supports. The failed 
floor will crash on the floor below it, so that floor has to be able to carry double the accidental load. 
The floor is more than able to do this even without taking into account the higher strength of the 
double deck of the floor.  

However, there is also the impact of the crashing floor that to be resisted. The potential energy 
created by the falling floor will be transformed in kinetic energy. The higher the possible deflection of 
the floor is the more energy can be absorbed. Chances are big that the floor below fails by the crash 
impact. This will result in a progressive collapse of all floors beneath the failing floor. 
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4.5. Connections  
The fire resistance 𝑡𝑑,𝑒𝑖  of unprotected wood-to-wood connections with steel dowel type fasteners is 
about 15 minutes. Steel dowels connections have a fire resistance of 𝑡𝑑,𝑒𝑖  ≈ 20 minutes, but then the 
timber thickness has to be at least 45 mm. The fire resistance of unprotected connections can be 
increased up to 30 minutes maximum by increasing the timber thickness, the width of the timber 
elements, and the end- and edge distances with 𝑎𝑒𝑖, see Equation 4.6.  

𝑎𝑒𝑖 = 1.5 ∙ 𝛽𝑚 ∙ (𝑡𝑟𝑚𝑟 − 𝑡𝑑,𝑒𝑖)  (4.6) 

With 𝑡𝑟𝑚𝑟  as the required time of fire resistance, which can maximally be 30 minutes in this 
calculation. The charring rates of 𝛽𝑚 are given in the previous paragraph. As a result: 𝑎𝑒𝑖  is 10.5 mm 
for connection in glulam elements and 𝑎𝑒𝑖  is 11.4 mm for CLT elements. 

However, a fire resistance of 120 minutes is still required, so additional measures are needed to 
increase the fire resistance of the connections. This can be done by protecting the dowel type of 
fastener with timber plugs that are fixed with glue or with timber plate material. When the 
connection is protected in this way, the time until start of charring should satisfy: 

𝑡𝑐ℎ = 𝑡𝑟𝑚𝑟 − 0.5 ∙ 𝑡𝑑,𝑒𝑖 (4.7) 

With 𝑡𝑟𝑚𝑟 equal to 120 minutes and 𝑡𝑑,𝑒𝑖  equal to 30 minutes. So the time until start of charring 𝑡𝑐ℎ is 
105 minutes. This time in combination with equations 4.2 and 4.3, is used to calculate the thickness 
needed for the timber plugs or plate material. The charring rate of sawn timber is 0.8 mm/min, so 
the needed thickness becomes 91 mm. 

Connections with internal steel plates, which are not protected at the edges, have a fire resistance of 
60 minutes if the width of the plates is at least 280 mm and the thickness is at least 2 mm. This is 
possible considering the dimensions of the structural elements. The extra protection of this type of 
connection has to have a fire resistance of 60 minutes. As a result the needed thickness of plugs or 
plate material is 55 mm.  
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4.6. Conclusions  
The main structure of the building has to have a fire resistance of at least 120 minutes. The finite 
charring concept is used in combination with some active fire suppression measures. The reduced 
cross-section method is used to calculate the effective charring depths, which gave an effective 
charring depth of 91.0 mm for glulam elements and a depth of 98.2 mm for CLT elements. 

Checked is if the structural elements satisfy the strength capacity and stability requirements in the 
case of a fire and they all have enough capacity and are able to so. Therefore, there is no need to 
make changes to the dimensions of the elements. 

It is possible that an element fails during a fire. In that case, especially the columns and walls have 
enough capacity to take over some of the load of the failed elements. Progressive collapse is a 
possible scenario when a beam or floor fails. It is unlikely that this happens in the combination of the 
failure of a column or internal wall. So the only big chance on progressive collapse is when a beam 
fails as support of a floor. In this analysis is assumed that the connections are able to transfer the 
forces and will not fail.  

The connections also have to have at least a 120 minutes fire resistance. When they consist of steel 
fasteners and steel plates it is possible to protect the connections with glued-in timber plugs or plate 
material to reach the need fire resistance. The protection has to have a thickness of 91 mm and that 
leaves not much of the beam and wall width. Therefore, it is better to look at other connection 
options.  
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5. Connection Design 
The connections between the structural elements will affect the behaviour of the building to a great 
extent. The stiffness of the entire structure is determined by the rigidity of the connections. 
Furthermore, they have to be able to transfer the loadings.  

In this chapter are the connections designed on the needed strength. Then, their slip and rotation 
stiffness’s are determined to see what at their influence is on the lateral displacement at the top of 
the building using SCIA Engineer. But before designing the connections, a few important points need 
to be identified. 

5.1. Design Considerations 
The preferred behaviour of the connection and the rules conform which the connections have to be 
designed are important knowledge to have before starting the design process.  

Ductility 
For the integrity of the structure sudden failure of structural elements or connections is not 
acceptable. So a certain amount of ductility is needed. This is the ability to deform under stress 
before breaking. While timber fails in a brittle manner, metal fasteners are able to behave in a ductile 
manner. Slenderness ratios of 10 and above for dowel type fasteners and a mild steel grade give a 
larger deformation capacity. 

Design to Eurocode 5 
Connections have to be designed conform rules and requirements given in Eurocode 5. The strength 
equations for failure due to lateral loading are based on the Johansen’s theory. They assume perfect 
plastic behaviour, which means that the maximum plastic moment is reached and the steel yields to 
form a plastic hinge. In this theory are the deformations neglected and the elastic behaviour is 
ignored. So it is assumed that the connections fail in a ductile manner and that brittle failure does 
not occur. 

The Johansen theory gives the strength capacity for one fastener, but in practice connections are 
made up out of multiple fasteners. Brittle failure of timber mostly occurs due to tensile stress 
perpendicular to the grain. Minimum spacings-, end-, and edge distances are adopted to ensure that 
splitting failure of the timber does not happen due to lateral loading on the connection. 

Eurocode 5 does not give any limitations on the deformations in the connection, but the 
deformations still should be taken into account for the determination of the defections of the total 
structure. Nevertheless, EC5 gives calculations for the average stiffness modulus of a single fastener. 
With this it is possible to incorporate the translational- and rotational stiffness’s of the connections 
for the deflections of the total structure.  

Not all types of connections are included in the Eurocode. When this is the case, other standards 
have to be consulted. 

Connection methods 
The most commonly used connection methods in bigger timber structures are the combinations of 
steel plates with metal fasteners like dowels or bolts. However, the previous chapter showed that 
these types of fasteners are not an option when the fire resistance of the connections is considered. 
A better option is glued-in connections as they are inside the timber, and so protected from the fire. 
For a fire resistance of at least 120 minutes, the fasteners have to have a distance to the edge of 
minimum 91.0 mm for glulam elements and 98.2 mm for CLT elements. Two options are considered 
for the joints: glued-in rods and the HSK-system. 
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Glued-in Rods 
There are various applications methods for glued-in rods. Most commonly is the rod inserted in a 
predrilled hole in the timber with a diameter that is 1 mm to 4 mm bigger than the diameter of the 
rod. This gives a glue line thickness up to 2 mm. An 2-component adhesive like PUR and EPX has be 
used and in some codes it is only allowed to use a threaded rod [14]. 

The first research on glued-in rods was done by Riberholt in 1988. Since then, numerous studies have 
been done, but still no design rules are incorporated in Eurocode 5. However, based on the studies, 
in particular the GIROD Project (2001), a proposal was implemented in the pre-version of the 
Eurocode, prEN 1995-2, Annex C (2003). These rules are on the ‘safe’ side and, therefore, used in 
when calculating glued-in connections in this thesis.  

The key parameters of glued-in rod connections are the stiffness and strength of the used materials 
and geometry parameters like the ratios of area of the wood, adhesive, and rod; the diameter and 
anchoring length of the rod; number of rods and their edge- and spacing distances; the rod-to-grain 
angle. The five failure modes that are generally associated with glued-in rods are: 

• Shear along the steel rod: the pull out of a wooden plug; 
• Tensile failure of the timber element; 
• Shear block failure in the timber element (group pull-out); 
• Splitting of the timber element due to short edge distances; 
• Yielding of the steel rod. 

Only the last failure mode is ductile, thus would be the preferred failure mode to happen. The rest of 
the failure modes are brittle. 

Glued-in rods are used for column connections, moment resisting connections in beams and frame 
corners, as shear connectors and for strengthening structural elements when extensively loaded 
perpendicular to the grain and in shear [14]. 

HSK-system 
The HSK-system consists of at least one perforated metal plate (the HSK-Connector) which is glued 
into a cavity in a timber element made of softwood with at least a strength grade of C24. The HSK-
Connectors must be manufactured from structural steel S235 or S355, with a thickness of 2.5 mm 
and uniformly arranged holes with a diameter of 10 mm at a minimum distance of 15 mm to each 
other’s centre [15]. The holes in the plate are filled with adhesive and are so-called ‘adhesive 
dowels’, which can withstand enormous forces. It becomes an almost rigid connection. The width of 
the cavity sawn into the timber element must be 4.5 mm and the timber element has to be at least 
40 mm wide. 

The reduced cross-section of the perforated metal plate improves the ductility of the connection 
compared to when a solid plate is used. The connection has to be designed to have the plates yield 
before the adhesive or timber fails. 

The connection system is created by Leander Bathon and the company TiComTec GmbH, founded by 
Rainer Bahmer, developed it further so it can be applied in actual projects. In November 2014, a 
general building authority approval was issued for the HSK-system under the number Z-9.1-770 [16]. 
No design rules for this system can be found in Eurocode 5. 

The HSK-system can be applied for the connection of timber beams, slabs, or walls. Various projects 
already adopted the connection system, some examples are: the flying staircase at the Earth Science 
building in Vancouver, Canada (2012); and the Timber Tower in Hanover, Germany (2012), see 
example in Figure 6.1.  
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Figure 6.1, Foundation connection with the HSK-system [13] 

Connection types 
There are several types of connection due to the multiple types of structural elements. They are 
categorised according to their connected elements as follows:  

• The CLT wall connections, vertical and horizontal; 
• Glulam column and beam connections; 
• And the connection between the glulam beams and the CLT wall. 

The connections of floor slabs, i.e. between the floor slabs, floor-beam, and floor-walls, are not 
considered in this thesis, since these are connection types that belong with the chosen floor system. 
They will still be modelled as hinged joints in the SCIA Engineer model. 

The connections will be designed with the fire resistance requirements and assembly method in 
mind. Subsequently they will be verified on their needed strength capacity using the building 
standards. 

Corner solution 
The connection between the internal stability walls and the core walls is crucial for the stiffness of 
the building. Currently the internal walls are connected to the core at its corner. At this location a 
whole lot of steel will be needed to give the connection the needed stiffness to avoid big rotations. 
Another solution to this problem is to make the internal stability wall and the core wall out of one big 
panel. The length of this panel is 21.6 meter. It is possible to make panels of this size, but special 
transport will be needed to bring the panels to the building site. This will be costly, but probably not 
as costly as needing a whole lot of extra steel in the connection. With this solution the connection 
becomes a simpler one. 

Serviceability Limit State design 
Rigidity of the connections has a big influence on the Serviceability design of the structure, especially 
the lateral displacement at the top. The translational and rotational rigidity of the connections can be 
determined using the building standards, like Eurocode 5. By modelling the rigidity in the SCIA 
Engineer model it is possible to obtain the lateral displacement at the top. This value will then be 
compared to the value that is found with the assumed stiffness of the connections to determine the 
influence of the connection stiffness’s. 
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5.2. CLT Wall Connections 
As mentioned before; it has been decided to construct the internal stability wall and the core wall 
out of one big panel. The length of this panel is 21.6 meter and the width is equal to the height of 
one storey: 3.4 meter. 

The typical CLT wall connections are presented in the render of Figure 6.2. The render only shows the 
first two floors without the frame structure for clarification reasons. 

 
Figure 6.2, The CLT wall connections 

 

5.2.1. Wall-Foundation Connection 
The CLT walls are the stiffest elements of the structure and, therefore, will take most of the wind 
load when it is placed on the structure. Tensile forces appear in windward side of the building, while 
compressive forces appear in the leeward side as a result of the wind load on the structure. The 
vertical loading of the self-weight of the structure and of the floor load, is not enough to compensate 
for the tensile forces in the walls. A simplified distribution of the vertical axial forces is shown in the 
plan of Figure 6.3 and naturally the forces are the highest on the perimeter. The original distribution 
given by SCIA Engineer is given in Annex F.1. 

A lateral shear force is also present in the connection due to the wind load. Load combination ULS-
EQU-2 is the governing combination, which includes the wind load and the lowest vertical loading. 
The results are given in Table 6.1. 

 Table 6.1, Governing forces in wall-foundation connection 

Wall part Load combination 𝑵𝒔,𝒎 [kN] 𝑵𝒄,𝒎 [kN] 𝑽𝒎 [kN/m] 

Core wall ULS-EQU-2 603.71 1507.37 90.14 

Internal stability wall ULS-EQU-2 1767.42 2693.22 50.15 

 

Wall-foundation 
connection 

Wall-to-wall 
connection vertical 

Wall-to-wall 
connection horizontal 
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Figure 6.3, The distribution of the vertical axial forces in the CLT-walls 

Due to the wind load a tensile force will be present in the core wall part, but for the biggest part of it, 
it will not be higher than governing tensile force given in Table 6.1. In the internal stability wall part a 
bigger tensile forces can be found. Hence, to make the connection design a bit more economical the 
biggest part of the core walls will be designed on the governing tensile force in the core wall part and 
the rest will be designed on the one in the internal stability wall part. The conservative distribution of 
the tensile forces along one wall with a length of 21.6 meter is given in Figure 6.4. For this 
distribution the results of the load combination ULS-EQU-1 are used as the compressive force. It 
gives a lower value, while the value of the tensile force is the same. This gives a longer length along 
which the connection has to be designed on the governing tensile force of the internal stability wall 
part. 

 
Figure 6.4, The distribution of tensile forces along one wall 

As a result of the needed fire resistance it is chosen to use the HSK-system for the connection 
between the foundation and CLT walls. Glued-in rods could also have been an option, but the 
perforated plates fit better within the layers of the CLT panel that have their grain direction parallel 
to the force direction. The thickness of the lamellas is also enough to satisfy the required edge 
distance of 20 mm as the they are 43 mm in thickness. 
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The general building authority approval number Z-9.1-770 (which is enclosed in Annex F.2) will be 
used for the loadbearing capacity calculations of the connection. It states that the following failure 
mechanisms have to be taken into account: 

• Yielding of the steel cross-section 
• Failure of the adhesive dowels  
• Failure of wooden components: cross tension failure or block shearing failure 

The first two failure mechanisms will be used to design the connection and then the design will be 
checked for the case of failure of the wooden components. It is desired to have the connection fail in 
a ductile manner, which will be done by optimising the ratio of the number of dowels to the steel 
plate area. The characteristic value for the load bearing capacity of an adhesive dowel of HSK-
Connectors is: 

𝑅𝐾𝐾,𝑘 = 800 𝑁 (6.1) 

The characteristic value for the load bearing capacity of a connection with 𝑛 adhesive dowels, in 
terms of the failure of the adhesive dowel subjected to normal and/or shear force, is: 

𝑅𝐻𝑆𝐾,𝑘 = 𝑛𝑑𝑖𝑤𝑚𝑓𝑠 ∙ 𝑅𝐾𝐾,𝑘 (6.2) 

HSK-Connectors are not allowed to be wider than 1260 mm. Therefore, it has been chosen to design 
the connection for a wall part of 1000 mm to keep it simple. The CLT wall cross-section has room for 
maximal six perforated steel plates. The options of four or six plates will be considered.  

The connectors must be manufactured from structural steel S235 or S355. The perforated holes are 
uniformly arranged with a diameter of 10 mm and spaced 15 mm centre to centre from each other. 
The distance between the holes and the edge of the plate has be at least 2.5 mm and be placed 12.5 
mm from the edge of the timber element. 

The characteristic value for the load bearing capacity of the perforated steel plates is calculated as: 

𝐹𝑠,𝑘 = 𝐴𝑚𝑚𝑠 ∙ 𝑓𝑦𝑑 (6.3) 

With 𝑓𝑦𝑑 as the yield strength of the perforated steel plates; and 𝐴𝑚𝑚𝑠 as the net cross-section area 
perpendicular to the grain direction of the wood, which is the cross-section area of the plates 
without the perforated area with a plate thickness of 2.5 mm multiplied with the number of steel 
plates.  

Design for tensile force 
The spacing between the rows of dowels and spacing between the dowel columns can be variated to 
create a bigger net cross-section area of the steel plate. The fixing-in depth 𝑙 of the connector has to 
be minimal three dowels long, which is 55 mm, and a maximum of 300 mm. So a maximum of 19 
dowel rows is possible, when the spacing between the rows is kept 15 mm. The number of needed 
dowel columns depend on the number of dowel rows and is limited by the net cross-section area of 
the steel plate that is needed to prevent yielding failure of the plate. 

The HSK-Connectors are designed by varying: the steel grade; the number of plates; dowel rows; 
dowel columns; and the spacing of the dowel column. The spacing between the dowel rows is kept 
15 mm. Dimensions of the two designs of the HSK-connectors for the tensile force are presented in 
Table 6.2. Design 1 has to have a tensile capacity of at least 1767.42 kN and Design 2 must have a 
tensile capacity of minimal 603.71 kN. 
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Table 6.2, Design of the HSK-connectors for the tensile force 

 Design 1 Design 2 

Steel grade  S355 S235 

Number of plates 𝒏𝒑𝒍𝒔𝒔𝒆𝒔 6 4 

Number of dowel rows 𝒏𝒓𝒎𝒘𝒔 11 7 

Number of dowel columns 𝒏𝒄𝒎𝒍𝒖𝒓𝒏𝒔 60 56 

Spacing of dowel columns 𝒔𝒄𝒎𝒍𝒖𝒓𝒏𝒔 [mm] 16.0 15.0 

Height of the connector 𝒍 [mm] 175.0 115.0 

Width of the connector 𝒃 [mm] 960.0 840.0 

When verifying the tensile load capacity of the connection for stress parallel to the grain of the 
wooden component, the limitation of the characteristic load bearing capacity as a result of shear 
failure along the border due to outer adhesive dowels or as a result of tension failure of the wood, 
must also be taken into account as follows for cases a and b: 

𝐹𝑏𝑠,𝑅𝑘 = min

⎩
⎨

⎧max �
1.5 ∙ 𝐴𝑚𝑚𝑠,𝑠,𝑠 ∙ 𝑓𝑠,0,𝑘
𝐴𝑚𝑚𝑠,𝑣,𝑠 ∙ 𝑓𝑣,𝑘

max �
1.5 ∙ 𝐴𝑚𝑚𝑠,𝑠,𝑏 ∙ 𝑓𝑠,0,𝑘
𝐴𝑚𝑚𝑠,𝑣,𝑏 ∙ 𝑓𝑣,𝑘

 (6.4) 

Where: 
𝐹𝑏𝑠,𝑅𝑘 is the characteristic value for the block shearing load bearing capacity; 
𝐴𝑚𝑚𝑠,𝑠 is the net cross-section surface perpendicular to the grain direction of the wood; 
𝐴𝑚𝑚𝑠,𝑣 is the net surface in the grain direction of the wood; 
𝑓𝑠,0,𝑘 is the characteristic value of the tensile strength of the wooden component; 
𝑓𝑣,𝑘 is the characteristic value of the shear strength of the wooden component. 

Figure 6.5 shows the failure modes of cases a and b. 

For case a the areas are calculated as: 

𝐴𝑚𝑚𝑠,𝑠,𝑠 = 𝐿𝑚𝑚𝑠,𝑠,𝑏𝑠 ∙ (𝑛 − 1) ∙ 𝑡2 (6.5) 

𝐴𝑚𝑚𝑠,𝑣,𝑠 = 2 ∙ 𝐿𝑚𝑚𝑠,𝑣,𝑏𝑠 ∙ �𝐿𝑚𝑚𝑠,𝑠,𝑏𝑠 ∙ (𝑛 − 1) ∙ 𝑡2� (6.6) 

 

 

  
Figure 6.5, Block shearing failure modes, case a (left) and case b (right) [15] 
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 And for case b as: 

𝐴𝑚𝑚𝑠,𝑠,𝑏 = �𝐿𝑚𝑚𝑠,𝑠,𝑏𝑠 + 𝑎2,1 + 𝑎2,2� ∙ (𝑛 − 1) ∙ 𝑡2 (6.7) 

𝐴𝑚𝑚𝑠,𝑣,𝑏 = 2 ∙ 𝐿𝑚𝑚𝑠,𝑣,𝑏𝑠 ∙ �𝐿𝑚𝑚𝑠,𝑠,𝑏𝑠 + 𝑎2,1 + 𝑎2,2� (6.8) 

Where: 
𝐿𝑚𝑚𝑠,𝑠,𝑏𝑠 is the net width perpendicular to the grain direction of the wood, see Figure 6.5; 
𝐿𝑚𝑚𝑠,𝑣,𝑏𝑠 is the net length of the shear fracture surface; 
𝑛 is the number of perforated plates; 
𝑡2, 𝑎2,1, 𝑎2,2 are the dimensions of the connection, see Figures 6.5. 

In the equations represents the part (𝑛 − 1) ∙ 𝑡2 the distance between the outer steel plates. It can 
be calculated this way when the spacing between the steel plates is uniform. However, this is not the 
case for the design of the HSK-connectors as the build-up of the CLT panel is 86 – 43 – 43 – 43 – 43 – 
43 – 86 mm. Perforated steel plates are located in four of the seven layers. When the connection has 
four steel plates, they are placed in the middle of those layers. The distances between the plates 
then becomes: 107.5 – 86 – 107.5 mm. In the case of six steel plates, there are two plates located in 
the outer layers of the CLT cross-section and the spacings become: 43 – 86 – 86 – 86 – 43 mm. 

The design value of the load-bearing capacity is given as: 

𝐹𝑅𝑑 = 𝑘𝑟𝑖𝑑 ∙
𝐹𝑅𝑘
𝛾𝑀

 (6.9) 

In which 𝑘𝑟𝑖𝑑 is equal to 0.8 for short term loadings like wind; and the partial factor for material 
properties of timber connections 𝛾𝑀 is determined as 1.3, but for the perforated steel plate 𝛾𝑀 is 
equal to 1.0. 

The calculation of the load-bearing capacities of the connections can be found in Annex F.3 The 
design values of the load-bearing tensile capacity are given in Table 6.3. 

Table 6.3, The design values of the load-bearing tensile capacity of the wall-foundation connection 

  Design 1  Design 2 

Tensile capacity adhesive dowels 𝑹𝑯𝑯𝑯,𝑹𝒎 [kN] 1949.54 771.94 

Tensile capacity steel plate 𝑭𝒔,𝑹𝒎 [kN] 1917.00 658.00 

Block shear capacity 𝑭𝒃𝒔,𝑹𝒎 [kN] 4107.68 3856.19 

It can be concluded that as it is desired the capacity of the perforated steel plates is governing for the 
tensile force as well as the lateral shear force. This makes that the connection will fail in tensile in a 
ductile manner. 

Design for lateral shear force. 
The connection also has to resist a lateral shear force. To do so, HSK-Connectors have to be placed in 
the layers that have their grain perpendicular to the grain direction of the layers that hold the 
Connectors for the tensile force. So a maximum of three plates for the shear force can be placed in 
the CLT cross-section. The number of required dowels to resist the shear force is much lower than for 
the tensile force. Therefore, the three smaller HSK-Connectors are designed, which are regularly 
spaced along the length of the wall. The dimensions of one connector are presented in Table 6.4. The 
perforated plates are of the steel quality S355. 
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Table 6.4, Design of the HSK-Connector for the shear force 

 Design shear connector 

Number of plates 𝒏𝒑𝒍𝒔𝒔𝒆𝒔 3 

Number of dowel rows 𝒏𝒓𝒎𝒘𝒔 5 

Number of dowel columns 𝒏𝒄𝒎𝒍𝒖𝒓𝒏𝒔 5 

Spacing of dowel rows 𝒔𝒓𝒎𝒘𝒔 [mm] 16 

Spacing of dowel columns 𝒔𝒄𝒎𝒍𝒖𝒓𝒏𝒔 [mm] 15 

Height of the connector 𝒍 [mm] 89 

Width of the connector 𝒃 [mm] 75 

It is unlikely that block shearing failure will happen for this connection. Thus, it is neglected and the 
shear capacities per meter are given in Table 6.5. It can be seen that these connectors will also fail by 
the yielding of the steel. 

Table 6.5, The design values of the load-bearing tensile capacity of the wall-foundation connection 

  Capacity value 

Lateral shear capacity adhesive dowels 𝑹𝑯𝑯𝑯,𝑹𝒎 [kN] 110.77 

Lateral shear capacity steel plate 𝑭𝒗,𝑹𝒎 [kN] 106.50 

Figures 6.6 to 6.10 give the connection details for design 1 and 2. It can be noted that the outer 
plates of the connection designs are located within the 98.2 mm thick charring layer. This is however 
not an issue as the tensile forces in the connection that are determined in the fire safety design, are 
much lower than the capacity of the connection. 

The assembly sequence of the connection is as follows: 

1. The connection between the HSK-Connectors and the CLT wall element is prefabricated. The 
connectors are welded to a steel head plate.  

2. Steel anchors are poured in with the erection of the concrete foundation slab. 
3. The CLT wall will be positioned on site and the steel head plate will be joined with the steel 

anchors using nuts. The calculation of the nuts can be found in Annex F.4. 

 

 
Figure 6.6, The wall-foundation connection elevation HSK Connector for shear force 
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Figure 6.7, The wall-foundation connection vertical Design 1  

 
Figure 6.8, The wall-foundation connection elevation Design 1 
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Figure 6.9, The wall-foundation connection vertical Design 2  

 
Figure 6.10, The wall-foundation connection elevation Design 2 

 

5.2.2. Wall-Wall Connection Vertical 
In the vertical connection between the walls the same kind of forces are found as in the wall-
foundation connection: axial tensile and compressive forces and lateral shear forces. The governing 
loadings are given in Table 6.4. It is preferred that this connection is designed in a similar manner to 
the wall-foundation connection. Therefore, the two designs of the HSK-connectors for the 
connection between the wall and foundation will be adopted here and it will be checked if they 
satisfy the needed capacity. 
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Table 6.6, Governing forces in wall-wall connection vertical 

Wall part Load combination 𝑵𝒔,𝒎 [kN] 𝑵𝒄,𝒎 [kN] 𝑽𝒎 [kN/m] 

Core wall ULS-EQU-2 579.70 1277.09 - 

 ULS-STR-8 - - 349.27 

Internal stability wall ULS-EQU-2 1334.11 2169.57 - 

 ULS-STR-8 - - 45.58 

It must be noted that the values of the tensile and compressive forces become smaller higher up in 
the building as the structure can be compared to a cantilever beam with a nearly constant load on it. 
The highest bending moment can be found at its fixed support, which is here given as a couple of a 
tensile and a compressive force. At the top of the building the bending moment is equal to zero. 

The length along which design 1 has to be applied, becomes also smaller with every storey higher up 
in the building. From the 11th storey on, only design 2 can be used along the whole length of the CLT 
wall elements when looked at the needed tensile capacity. 

The value of the lateral shear force is bigger than the value found in the wall-foundation connection. 
It is also bigger than the lateral shear load capacity of the designed HSK connector for the connection 
between the walls and foundation. To get a higher tensile capacity of the perforated steel plates, the 
net cross-section has to be enlarged. This can be done in the following ways: enlarging the end 
distances and making the centre-to-centre distance between the dowel rows bigger. The highest 
allowed steel grade for the HSK-system, S355, was already being used, just like the maximum 
number of plates that is possible in the available space, which are three plates. 

The new design to transfer the shear force consists out of two smaller connectors, which have each 
three perforated steel plates of steel grade S355. Each plate has 6 dowel columns and 14 dowel 
rows. The spacing between the dowel columns is 15 mm and between the dowel rows 18 mm. The 
distance between the holes and the edge of the plate will be kept 2.5 mm and the distance between 
the holes and the edge of the timber element will be 29.5 mm. This all gives one connector a height 
of 276.0 mm and width of 90.0 mm.  

The values of the capacity of this new HSK-connector are given in Table 6.7 and the full calculations 
can be found in Annex F.5. 

Table 6.7, The design values of the load-bearing shear capacity of the vertical wall-wall connection 

  Capacity value 

Lateral shear capacity adhesive dowels 𝑹𝑯𝑯𝑯,𝑹𝒎 [kN] 403.20 

Lateral shear capacity steel plate 𝑭𝒗,𝑹𝒎 [kN] 362.10 

The connector will fail in a ductile manner as preferred. Figures 6.11 and 6.13 show the details of the 
connection with for the tensile force the HSK-Connector Design 1. As the detail of the connection 
with Design 2 for the perforated plates is similar to the one with Design 1, it will not be added in this 
report. The assembly sequence of the connection is as follows: 

1. The connection between the HSK-Connector and the lower CLT wall element is prefabricated.  
2. On site, the upper wall element will be positioned on top of the lower one and the cavity around 

the perforated plates will be injected with adhesive. 
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Figure 6.11, The wall-wall connection vertical with Design 1 

 
Figure 6.12, The wall-wall connection elevation HSK Connector for shear force 
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Figure 6.13, The wall-wall connection elevation Design 1 

 

5.2.3. Wall-Wall Connection Horizontal  
In most cases the wind load is introduced into the wall panels via the floor system, but as the wall 
extends to the façade once for every side of the building, a part of the wind load will be directly 
transferred into the CLT wall. The found forces are the horizontal axial tensile and compressive 
forces, and a horizontal lateral shear force. The governing forces are attained in load combination 
ULS-EQU-2, which includes the wind. The vertical shear force between the panels is so low that is 
neglected. The results are given in Table 6.8. 

Table 6.8, Governing forces in wall-wall connection horizontal 

Load combination 𝑵𝒔,𝟗𝟎,𝒎 [kN/m] 𝑵𝒄,𝟗𝟎,𝒎 [kN/m] 𝑽𝒎 [kN/m] 

ULS-EQU-2 200.35 98.13 165.86 

 
For this connection are HSK-Connectors glued within the CLT layers of the wall panel with the butt 
joint. The Connectors are welded to a steel end plate and this plate is screwed against the continues 
wall panel. While the perforated plates only have to resist the tensile force, the self-tapping screws 
also needed to resist the horizontal lateral shear force. The fasteners will be designed for a meter 
long cross-section as the governing forces are given per meter. 

Compression perpendicular to the grain 
In the connection a compression force perpendicular to the grain is present. When this force is bigger 
than the compressive capacity perpendicular to the grain of the CLT wall, the timber will be crushed 
and it will have to be reinforced by screws. To check if this is the case, Eurocode 5 states: 

𝜎𝑐,90,𝑑 ≤ 𝑘𝑐,90 ∙ 𝑓𝑐,0,𝑑 (6.10) 

With: 
𝜎𝑐,90,𝑑 = 𝐹𝑐,90,𝑑/𝐴𝑚𝑒 (6.11) 

Where: 
𝜎𝑐,90,𝑑 is the design compressive stress in the effective contact area perpendicular to the grain; 
𝐹𝑐,90,𝑑 is the design compressive load perpendicular to the grain; 
𝐴𝑚𝑒 is the effective contact area in compression perpendicular to the grain; 
𝑓𝑐,0,𝑑 is the design compressive strength perpendicular to the grain; 
𝑘𝑐,90 is a factor taking into account the load configuration, the possibility of splitting and the 

degree of compressive deformation. 
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The factor 𝑘𝑐,90 is taken as 1.00. The design compressive strength perpendicular to the grain is 
calculated as: 

𝑓𝑐,0,𝑑 = 0.80 ∙
3.0

1.25
= 1.92 𝑁/𝑚𝑚2 

The effective contact zone has a height of 1000 mm and the width of 387 mm can be increased with 
30 mm at both sides. 

98.13 ∙ 103

1000 ∙ (387 + 2 ∙ 30)
= 0.22 𝑁/𝑚𝑚2 < 1.00 ∙ 1.92 = 1.92 𝑁/𝑚𝑚2 

So the contact area is big enough to evade crushing of the timber by the compressive force 
perpendicular to the grain and, therefore, does not need to be reinforced. 

 
HSK-system 
The HSK-system is incorporated within the layers of the CLT wall panel to resist the tensile force in 
the connection. The perforated plates can be placed in maximal three layers of the CLT cross-section. 
As the tensile force is relatively low, it is not necessary to place perforated plates within the whole 
meter long considered area of this connection. So it is chosen to have two smaller connectors evenly 
spaced with the perforated plates having the steel quality S235. The dimensions of one connector are 
presented in Table 6.9.  

Table 6.9, Design of the HSK-Connector  

 Design connector 

Number of plates 𝒏𝒑𝒍𝒔𝒔𝒆𝒔 2 

Number of dowel rows 𝒏𝒓𝒎𝒘𝒔 7 

Number of dowel columns 𝒏𝒄𝒎𝒍𝒖𝒓𝒏𝒔 18 

Spacing of dowel rows 𝒔𝒓𝒎𝒘𝒔 [mm] 15 

Spacing of dowel columns 𝒔𝒄𝒎𝒍𝒖𝒓𝒏𝒔 [mm] 15 

Height of the connector 𝒍 [mm] 115 

Width of the connector 𝒃 [mm] 270 

A tensile force of 200.35 kN/m has to be resisted by the HSK-system. The calculation of the load-
bearing capacities of the connections can be found in Annex F.6. The design values of the load-
bearing tensile capacity are given in Table 6.10. The block shear capacity is for one of the two 
connectors, while the Tensile capacities are for both connectors together per meter. 

Table 6.10, The design values of the load-bearing tensile capacity of the HSK-Connector 

  Design 1  

Tensile capacity adhesive dowels 𝑹𝑯𝑯𝑯,𝑹𝒎 [kN] 248.12 

Tensile capacity steel plate 𝑭𝒔,𝑹𝒎 [kN] 211.50 

Block shear capacity 𝑭𝒃𝒔,𝑹𝒎 [kN] 4609.11 

It can be concluded that the capacity of the perforated steel plates is governing for the tensile force. 
This makes that the connection will fail in tensile in a ductile manner. 
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Self-tapping screws 
The number of needed screws cannot be calculated using the withdrawal strength and embedment 
strength given in Eurocode 5 as those are not to be used for fasteners in Cross Laminated timber. 
Researchers Uibel and Blaß have derived equations for the withdrawal strength and embedment 
strength of screws inserted in CLT panels on the basis of test results [17] [18] [19]. 

The characteristic withdrawal strength of self-taping screws in CLT panels is presented by Uibel and 
Blaß in the following equation: 

𝐹𝑠𝑚,𝑠,𝑅𝑘 =
0.35 ∙ 𝑑0.8 ∙ 𝑙𝑚𝑒

0.9 ∙ 𝜌0.75

1.5 ∙ cos2 𝜀 + sin2 𝜀
  (6.12) 

Where 𝑙𝑚𝑒 is the effective pointside penetration length in mm, and 𝜀 is equal to 90° for fasteners 
inserted at the plane side and 0° for screws inserted at the edge of the panel. 

For screws with a diameter of 10 mm and penetration length of 300 mm the withdrawal strength 
becomes: 

𝐹𝑠𝑚,90,𝑅𝑘 =
0.35 ∙ 100.8 ∙ 3000.9 ∙ 5000.75

1.5 ∙ cos2 90° + sin2 90°
= 37.93 𝑘𝑁 

The design value of the withdrawal strength is: 

𝐹𝑠𝑚,90,𝑅𝑑 = 0.8 ∙
37.93

1.3
= 23.34 𝑘𝑁 

The number of required screws to resist the tensile strength results in: 

𝑛𝑟𝑖𝑚 =
𝑁𝑠,90,𝑑

𝐹𝑠𝑚,90,𝑅𝑑
=

200.35
23.34

= 8.58 /𝑚 

 

The capacity of the screws to transfer the shear forces can be calculated with the design rules for 
dowelled connections in EN 1995-1-1, which uses the equations based on the Johansen theory. The 
load-carrying capacity per screw is the minimum value of the following strength equations: 

𝐹𝑣,𝑅𝑘,1 = 𝑓ℎ,𝑘 ∙ 𝑡1 ∙ 𝑑 (6.13) 

𝐹𝑣,𝑅𝑘,2 = 𝑓ℎ,𝑘 ∙ 𝑡1 ∙ 𝑑 ∙ ��2 +
4 ∙ 𝑀𝑦,𝑅𝑘

𝑓ℎ,𝑘 ∙ 𝑑 ∙ 𝑡12
− 1� +

𝐹𝑠𝑚,𝑅𝑘

4
 (6.14) 

𝐹𝑣,𝑅𝑘,3 = 2.3 ∙ �𝑀𝑦,𝑅𝑘 ∙ 𝑓ℎ,𝑘 ∙ 𝑑 +
𝐹𝑠𝑚,𝑅𝑘

4
 (6.15) 

With: 
𝐹𝑣,𝑅𝑘 is the characteristic load-carrying capacity per shear plane per fastener; 
𝑓ℎ,𝑘 is the characteristic embedment strength in the timber member; 
𝑡1 is the smaller of the thickness of the timber side member or the penetration depth; 
𝑀𝑦,𝑅𝑘 is the characteristic fastener yield moment; 
𝑑 is the fastener diameter; 
𝐹𝑠𝑚,𝑅𝑘 is the characteristic withdrawal strength per fastener. 

Where the last part, 𝐹𝑠𝑚,𝑅𝑘/4, is the contribution of the rope effect. 

The embedment strength for screws positioned in the plane side of the CLT panel, which is derived 
by Uibel and Blaß as: 

𝑓ℎ,𝑘 = 0.112 ∙ 𝑑−0.5 ∙ 𝑝𝑘1.05  (6.16) 



 82 Connection Design 

The characteristic value for the yield moment of dowel type fasteners is given in Eurocode 5 as: 

𝑀𝑦,𝑅𝑘 = 0.3 ∙ 𝑓𝑓,𝑘 ∙ 𝑑2.6 (6.17) 

Where 𝑓𝑓,𝑘 is the characteristic tensile strength. 

The embedment strength and shear capacity per screw are presented in Table 6.11. 

Table 6.11, The embedment strength and capacity per screw 

Embedment strength Shear capacity 

𝒇𝒖,𝒌 [N/mm2] 𝑀𝑦,𝑅𝑘 [Nmm] 𝑓ℎ,𝑘 [N/mm2] 𝐹𝑣,𝑅𝑘,1 [kN] 𝐹𝑣,𝑅𝑘,2 [kN] 𝐹𝑣,𝑅𝑘,3 [kN] 

800 95545.7 24.16 72.49 30.48 11.06 

The governing failure mode is mode 3, which consists of two plastic hinges. The design shear capacity 
value per screw is: 

𝐹𝑣,𝑅𝑑 = 0.80 ∙
11.06

1.3
= 6.81 𝑘𝑁 

So the number of required screws to transfer the shear force becomes: 

𝑛𝑟𝑖𝑚 =
𝑉𝑑
𝐹𝑣,𝑅𝑑

=
165.86

6.81
= 24.37 /𝑚 

Minimum end-, and edge distances, and spacings for screws inserted in the plane side of CLT panel 
are given in the draft version of CEN CLT Standard, Annex J. The calculated minimum values are given 
in Table 6.12. 

Table 6.12, Minimum end- an edge distances and spacings for screws inserted in the plane side of CLT panel  

End- and edge distances and spacings Minimum values [mm] 

Spacing parallel to grain of outer lamellas 𝑎1 = 4 ∙ 𝑑 40 

Spacing perpendicular to grain of outer lamellas 𝑎2 = 2.5 ∙ 𝑑 25 

Unloaded end distance 𝑎1,𝑐 = 6 ∙ 𝑑 60 

Unloaded edge distance 𝑎2,𝑐 = 2.5 ∙ 𝑑 25 

So the connection will be designed with 9 x 2 screws per HSK-Connector. That gives a total 36 screws. 

Figures 6.14 and 6.15 give the connection details and the assembly sequence of the connection is as 
follows: 

1. The connection between the HSK-Connectors and the CLT wall element is prefabricated. The 
connectors are welded to a steel head plate.  

2. At the construction side are the wall elements brought into position and the connection is 
completed with the screws. 
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Figure 6.14, The wall-wall connection horizontal 

 
Figure 6.15, The wall-wall connection horizontal  
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5.3. Glulam Column and Beam Connections 
All connections between the glulam elements are located at the perimeter of the building. The 
beams are connected to the CLT walls on the perimeter as wells as on the corner of the core. The 
render of Figure 6.16 shows the typical glulam connections. 

In the variant study it has been assumed that the glulam column and beam connections are all pin-
jointed. However, it is hard to achieve a purely hinged connection design, which could result in some 
higher forces in the elements and connections than calculated by the SCIA Engineer model. 

 
Figure 6.16, The Glulam column and beam connections 

 

5.3.1. Column-Foundation Connection 
No tensile forces were found in the columns when the wind load is placed on the structure as the 
walls are the stiffest elements of the structure, which, therefore, take most of the wind load. The 
tensile forces that would appear in the columns at the side of the applied wind load are 
counterbalanced by the vertical loading of the self-weight of the structure and the floor load. A 
higher compressive force is, however, the result at the other side of the building when the wind load 
is placed on the structure. 

So the forces found in the connection are a compressive axial force and a lateral shear force. The last 
one is relatively low in comparison to the compressive axial force because the connection is 
modelled as a pin-jointed supports in SCIA engineer. Load combination ULS-STR-7 is the governing 
combination with the wind load placed on the structure and with the highest vertical loading. The 
results are given in Table 6.13. The lateral shear loading seem negligible. Yet, some extra lateral 
forces could arise due to the rotational stiffness of the connection in contradiction of the modelled 
pin-jointed support. 

Table 6.13, Governing forces in column-foundation connection 

Load combination 𝑵𝒄,𝒎 [kN] 𝑽𝒛,𝒎 [kN] 

ULS-STR-7 3223.82 3.81 

Column-column connection 

Column-foundation 
connection 

Beam-column connection 

Beam-wall connection 
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Glued-in rods are a good solution for the connection between the column and the foundation, but 
also for the connection between the columns. They are located inside the timber and thus protected 
from a fire until the charring front reaches the rods. Besides the good fire resistance properties of 
the connection it also is an aesthetical attractive connection solution.  

It is desired that this connection and the column-column connection are detailed in a similar manner. 
So a higher value of lateral shear forces in the connection between the columns has to be taken into 
account. Therefore, a rod diameter of 22 mm is assumed as starting point.  

As already mentioned Eurocode 5 only gives design rules for metal fasteners and not for glued 
connections. But a proposal was implemented in the pre-version of the Eurocode, prEN 1995-2, 
Annex C (2003). The rules given, are on the ‘safe’ side and, therefore, will used for designing the 
connection. For laterally loaded rods prEN 1995-2 refers to the design rules for dowelled connections 
in EN 1995-1-1. The load-carrying capacity per rod is the minimum value of Equations 6.13 to 6.15 
without the rope effect. The embedment strength of bolts is given in EC5 as: 

𝑓⊥ℎ,0,𝑘 = 0.082 ∙ (1 − 0.01 ∙ 𝑑) ∙ 𝜌𝑘 (6.18) 

Where 𝜌𝑘 is the density of the timber, which is 410 kg/m2 for glulam. However, this is the strength 
when the bolt is inserted perpendicular and loaded parallel to the grain. The embedment strength of 
a rod inserted parallel and loaded perpendicular to the grain is 10% of the embedment strength of 
Equation 6.18 [20]. So the embedment strength parallel to the grain is: 

𝑓∥,ℎ,90,𝑘 = 0.1 ∙ 𝑓⊥,ℎ,0,𝑘 (6.19) 

It is assumed that the thickness of the steel plate to which the rods are attached to, is 16 mm and the 
anchorage length of the rod is assumed to be 450 mm. The embedment strength and lateral shear 
capacity of the M22 threaded rod with a steel grade of 8.8 are presented in Table 6.14. 

Table 6.14, The embedment strength and lateral shear capacity of a glued-in rod 

Steel rod Embedment strength Shear capacity 

𝒇𝒖,𝒌    
[N/mm2] 

𝑀𝑦,𝑅𝑘   
[Nmm] 

𝑓⊥,ℎ,0,𝑘  
[N/mm2] 

𝑓∥,ℎ,90,𝑘  
[N/mm2] 

𝐹𝑣,𝑅𝑘,1       
[kN] 

𝐹𝑣,𝑅𝑘,2       
[kN] 

𝐹𝑣,𝑅𝑘,3        
[kN] 

800 742181.6 26.22 2.62 25.96 13.02 15.05 

The design value of the shear load capacity per rod becomes: 

𝐹𝑣,𝑅𝑑 = 0.8 ∙
13.02

1.3
= 8.01 𝑘𝑁 

The pre-version of the Eurocode, prEN 1995-2, provides a minimum anchorage length, edge- and end 
distances, and spacings. The minimum edge distance for rods inserted parallel to the grain is 2.5d, 
which is 55 mm. This is lower than the needed distance of 91.0 mm for the required fire resistance of 
the connection. The spacing has to be minimal 5d, which results in a distance of 110 mm. The 
minimum anchorage length 𝑙𝑠,min should be taken as: 

𝑙𝑠,min = max �0.5 ∙ 𝑑2
10 ∙ 𝑑

 (6.20) 

This expression gives a minimal length of 242.0 mm. However the minimal length should be long 
enough for the plastic hinge to form. This can be done by analysing the failure mode of Equation 
6.15. Figure 6.17 shows the situation with two plastic hinges. With the bending moment equilibrium 
of the part between the two hinges, given in Equation 6.21, can de distance 𝑦1 be determined 
(Equation 6.22). 
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Figure 6.17, Failure mode for a laterally loaded glued-in rod 

 

𝑀𝑦 + 𝑀𝑦 −
1
2
∙ 𝑦12 ∙ 𝑓ℎ ∙ 𝑑 = 0 (6.21) 

𝑦1 = �
4 ∙ 𝑀𝑦

𝑓ℎ ∙ 𝑑
 (6.22) 

The second part of the steel rod, distance 𝑦2, is also determined with bending moment equilibrium: 

𝑀𝑦 + 1
2
∙ 𝑦22 ∙ 𝑓ℎ ∙ 𝑑 −

3
2
∙ 𝑦22 ∙ 𝑓ℎ ∙ 𝑑 = 0 (6.23) 

𝑦2 = �
𝑀𝑦

𝑓ℎ ∙ 𝑑
 (6.24) 

The minimal required distance to reach equilibrium for formation of two plastic hinges, and so a 
ductile connection, is: 

𝑙 ≥ 𝑦1 + 2 ∙ 𝑦2 = �
16 ∙ 𝑀𝑦

𝑓ℎ ∙ 𝑑
 (6.25) 

So this gives a minimal rod length of 453.7 mm. 

Figure 6.18 and 6.19 show the column-foundation connection details. The assembly sequence of this 
connection is as follows: 

1. The joint between the rods and glulam column is prefabricated. Rods are welded to the steel 
head plate.  

2. Steel anchors are poured in with the erection of the concrete foundation slab. 
3. The head plate will be joined with the steel anchors. These joints incorporate possibilities for 

adjustment of skewness to the vertical. 
4. The gap between the steel head plate and the concrete foundation slab will be filled with a 

mortar bedding. 
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Figure 6.18, The column-foundation connection 

 
Figure 6.19, The column-foundation connection section A-A’ 



 88 Connection Design 

5.3.2. Column-Column Connection 
The connection between the columns has to transfer a compressive force and a lateral shear force 
just like the column-foundation connection. No tensile forces due to wind load were found in the 
columns, so the rods capacity to resist axial forces does not have to be calculated. It is preferred that 
this connection will designed in a similar manner to the column-foundation connection. 

Load combination ULS-EQU-2 is the governing combination for the lateral shear load and 
combination ULS-STR-7 for the compressive force. The results are given in Table 6.15. For this 
connection the remark that some extra lateral forces could arise due to the rotational stiffness of the 
connection in contradiction of the modelled pin-jointed support, also applies. 

Table 6.15, Governing forces in column-column connection 

Load combination 𝑵𝒄,𝒎 [kN] 𝑽𝒚,𝒎 [kN] 

ULS-EQU-2 - 19.25 

ULS-STR-7 2564.06 - 

The lateral load capacity of a single glued-in rod with a diameter of 22 mm is determined as 5.70 kN 
for the column-foundation connection. The number of required rods becomes: 

𝑛min =
𝑉𝑦,𝑑

𝐹𝑣,𝑅𝑑
=

19.25
8.01

= 2.40 

So it can be concluded that three rods are needed to resist the lateral shear force on the connection. 

Figure 6.20 shows the detail of the column-column connection and the assembly sequence is as 
follows: 

1. The connection of the glued-in rod and the lower column is prefabricated. 
2. On site, the upper column will be positioned on the lower column and the hole around the rods 

will be injected with adhesive. 
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Figure 6.20, The column-column connection 

 

5.3.3. Beam-Column Connection 
Beams of 7.2 meter long are connected at least at one end to a column that is continues over five 
storeys. The highest forces for this connection type can be found at the ends of the beams that are 
located on the perimeter. These beams carry the façade load and a part of the floor load. So naturally 
the shear force is here the highest. 

A tensile and a compressive force are also found at the ends of these beams. These forces are 
introduced in the connection by restrained deformations. The stiffness of the structural elements is 
one part of the reason why the deformations are prevented. Another reason is that the connection is 
modelled in SCIA Engineer as a pinned hinge. It can be assumed that when the translational stiffness 
of the connections is added to the model, the axial forces in the connection become a lower value. 
The highest results for the forces in this connection type are given in Table 6.16.  

Table 6.16, Governing forces in beam-column connection 

Load combination 𝑵𝒔,𝒎 [kN] 𝑵𝒄,𝒎 [kN] 𝑽𝒛,𝒎 [kN] 

ULS-STR-3 - - 97.52 

ULS-STR-4 517.95 456.20 - 
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The connection between the beam and column is nearly completely protected from a fire by the 
floor slabs. They are located in between the beams and have a height of about 500 mm, while the 
beams have a height of 550 mm. So for this connection it is possible to design with dowel type 
fasteners. 

Supporting plate 
A steel component will be designed that is connected to column and carries the beam. The beams lay 
down upon this component, so the supporting steel plate has to be long enough to evade crushing of 
the timber by the shear force perpendicular to the grain. The minimal contact area can be 
determined using Equations 6.10 and 6.11. The factor 𝑘𝑐,90 is taken as 1.75 for glued laminated 
timber members on discrete supports. The design compressive strength perpendicular to the grain is 
calculated as: 

𝑓𝑐,0,𝑑 = 0.65 ∙
3.0

1.25
= 1.56 𝑁/𝑚𝑚2 

The beam has a width of 300 mm, so the length of the support should be at least: 

𝑙 ≥
𝐹𝑐,90,𝑑

𝑘𝑐,90 ∙ 𝑓𝑐,90,𝑑 ∙ 𝑏
=

97.52 ∙ 103

1.75 ∙ 1.56 ∙ 300
= 119.1 𝑚𝑚 

 
Dowel connection 
The beam will be connected to the steel component with steel dowels. They will be laterally loaded 
by the tensile force. The embedment strength of the dowels is calculated with Equation 6.18. Two 
steel plates will be slotted in the beam. This gives two different shear planes for which the 
characteristic load-carrying capacity per dowel has to be determined.  

The outer shear plane (plane 1) has three failure modes and the inner shear plane (plane 2) has two 
failure modes. The capacity per dowel of shear plane 1 is to be determined with Equations 6.13 to 
6.15 without the rope effect, where the behaviour of the dowel in the middle part is omitted. A 
dowel diameter of 16 mm and a steel plate thickness of 10 mm are assumed. The thickness of the 
outer timber side member 𝑡1 is taken to be 75 mm. The embedment strength and capacity per dowel 
per shear plane 1 are presented in Table 6.17. 

Table 6.17, The embedment strength and capacity per dowel per shear plane 1 

Embedment strength Shear capacity 

𝒇𝒖,𝒌 [N/mm2] 𝑀𝑦,𝑅𝑘 [Nmm] 𝑓ℎ,0,𝑘 [N/mm2] 𝐹𝑣,𝑅𝑘,1 [kN] 𝐹𝑣,𝑅𝑘,2 [kN] 𝐹𝑣,𝑅𝑘,3 [kN] 

800 324282.3 28.24 33.89 19.80 27.84 

Failure mode 2 presents the governing failure mode for shear plane 1, which consists of one plastic 
hinge.  

Only the middle part in between the steel plates is considered for the determination of the capacity 
per dowel per shear plane 2. The capacity is determined with the following Equations:  

𝐹𝑣,𝑅𝑘,4 = 0.5 ∙ 𝑓ℎ,𝑘 ∙ 𝑡2 ∙ 𝑑 (6.26) 

𝐹𝑣,𝑅𝑘,5 = 2.3 ∙ �𝑀𝑦,𝑅𝑘 ∙ 𝑓ℎ,𝑘 ∙ 𝑑 (6.27) 

Where 𝑡2 is the thickness of the timber part between the two steel plates, which is 130 mm. Table 
6.18 gives the embedment strength and capacity per dowel per shear plane 2. 
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Table 6.18, The embedment strength and capacity per dowel per shear plane 1 

Embedment strength Shear capacity 

𝒇𝒖,𝒌 [N/mm2] 𝑀𝑦,𝑅𝑘 [Nmm] 𝑓ℎ,0,𝑘 [N/mm2] 𝐹𝑣,𝑅𝑘,4 [kN] 𝐹𝑣,𝑅𝑘,5 [kN]  

800 324282.3 28.24 29.37 27.84  

The governing failure mode for shear plane 2 is mode 5, which consists of two plastic hinges. The 
design capacity value per dowel is: 

𝐹𝑣,𝑅𝑑 = 0.8 ∙
2 ∙ (19.80 + 27.84)

1.3
= 58.63 𝑘𝑁 

So the number of needed dowels becomes: 

𝑛𝑟𝑖𝑚 =
𝑁𝑠,𝑑

𝐹𝑣,𝑅𝑑
=

517.95
58.63

= 8.83 

The avoid splitting failure of the timber due to lateral loading, minimum end- and edge distances and 
spacings have to be taken it to account. The tensile force is directed parallel to the grain, 𝛼 = 0°, so 
this gives the minimum values in Table 6.19. 

Table 6.19, Minimum end- an edge distances and spacings 

End- and edge distances and spacings Minimum values [mm] 

Spacing parallel to grain 𝑎1 = (3 + 2|cos𝛼|)𝑑 80 

Spacing perpendicular to grain 𝑎2 = 3 ∙ 𝑑 48 

Loaded end distance 𝑎3,𝑠 = max(7𝑑; 80 𝑚𝑚) 112 

Loaded edge distance 𝑎4,𝑠 = max((2 + 2 sin𝛼)𝑑; 3𝑑) 48 

Glue-in rods  
The steel component is jointed to the column with glued-in rods. These rods are inserted under an 
angle of 45° to the grain. They have to be able to withstand the tensile force and have to transfer the 
shear force. According to prEN 1995-2 the characteristic axial load bearing capacity 𝐹𝑠𝑚,𝑅𝑘 of a glued-
in rod in tension should be taken as: 

𝐹𝑠𝑚,𝑅𝑘 = max�
𝑓𝑦,𝑘 ∙ 𝐴𝑚𝑒                                 

𝜋 ∙ 𝑑𝑚𝑟𝑓 ∙ 𝑙𝑠 ∙ 𝑓𝑠𝑚,𝑘 ∙
tanh𝜔
𝜔

 (6.28) 

Where: 
𝑓𝑦,𝑘 is the characteristic yield strength of the rod; 
𝐴𝑚𝑒 is the effective cross-sectional area of the rod; 
𝑑𝑚𝑟𝑓 is the equivalent rod diameter, which is min(𝑑ℎ; 1.15 ∙ 𝑑); 
𝑙𝑠 is the anchorage length; 
𝑓𝑠𝑚,𝑘 = 5.5 N/mm2 

𝜔 =
0.016 ∙ 𝑙𝑠
�𝑑𝑚𝑟𝑓

 (6.29) 

A rod diameter of 22 mm and an anchorage length of 420 mm are assumed as starting point. The 
bondline thickness of the adhesive is assumed to be 1.0 mm, as a result the hole diameter 𝑑ℎ will be 
24 mm. Table 6.20 gives the values of the calculation of the withdrawal strength per glued-in rod. 
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Table 6.20, The withdrawal strength per rod 

Failure of the steel rod Failure of the adhesive 

𝒇𝒚,𝒌 [N/mm2] 𝐴𝑚𝑒 [mm2] 𝐹𝑠𝑚,𝑅𝑘,1 [kN] 𝑑𝑚𝑟𝑓 [mm] 𝜔  𝐹𝑠𝑚,𝑅𝑘,2 [kN] 

640 380.13 243.28 24.0 1.37 111.62 

The design withdrawal strength of one rod is: 

𝐹𝑠𝑚,𝑅𝑑 = 0.8 ∙
111.62

1.3
= 89.30 𝑘𝑁 

This gives the following number of glued-in rods that is needed to resist the tensile force: 

𝑛𝑟𝑖𝑚 =
𝑁𝑠,𝑑

𝐹𝑠𝑚,𝑅𝑑
=

517.95
89.30

= 5.80 

The embedment strength and the load-carrying capacity per rod can be determined with Equations 
6.18 and 6.13 to 6.15, without the rope effect. prEN 1995-2 states that for the embedment strength 
of glued-in rods inserted at an angle to the grain, interpolation between 𝑓⊥ℎ,0,𝑘 and 𝑓∥,ℎ,90,𝑘 should be 
applied. Table 6.21 gives the embedment strength and lateral shear capacity of a glued-in rod with a 
diameter of 22 mm and an anchorage length of 420 mm. 

Table 6.21, The embedment strength and lateral shear capacity of a glued-in rod 

Steel rod Embedment strength Shear capacity 

𝒇𝒖,𝒌    
[N/mm2] 

𝑀𝑦,𝑅𝑘   
[Nmm] 

𝑓⊥,ℎ,0,𝑘  
[N/mm2] 

𝑓∥,ℎ,90,𝑘  
[N/mm2] 

𝑓45,ℎ,0,𝑘  
[N/mm2] 

𝐹𝑣,𝑅𝑘,1       
[kN] 

𝐹𝑣,𝑅𝑘,2       
[kN] 

𝐹𝑣,𝑅𝑘,3       
[kN] 

800 742181.6 26.22 2.62 14.42 133.27 57.68 35.30 

The third failure mode is the governing one. The design value of the shear load capacity per rod 
becomes: 

𝐹𝑣,𝑅𝑑 = 0.65 ∙
35.30

1.3
= 17.65 𝑘𝑁 

This gives the following number of glued-in rod that is needed to transfer the shear force: 

𝑛𝑟𝑖𝑚 =
𝑉𝑑
𝐹𝑣,𝑅𝑑

=
97.52
17.65

= 5.53 

 

It is stated in prEN 1995-2 that for combined laterally and axially loaded glued-in rods, the following 
condition should be satisfied: 

�
𝑁𝑠,𝐹𝑑

𝐹𝑠𝑚,𝑅𝑑
�
2

+ �
𝑉𝐹𝑑
𝐹𝑣𝑅𝑑

�
2
≤ 1 (6.30) 

It is assumed that the connection will consist of a total of ten rods. Therefore, the condition above 
becomes: 

�
517.95

89.30 ∙ 10
�
2

+ �
97.52

17.65 ∙ 10
�
2

= 0.642 ≤ 1 
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The last failure mode that has to be checked is the failure of the timber member, which is the 
column, due to the tensile force. prEN1995-2 refers to section 8.1.4 of the Eurocode 5 for rods that 
are inserted at an angle to the grain. It is stated that the possibility of splitting caused by the tension 
force component to the grain has to be taken into account, so the following shall be satisfied: 

𝐹𝑣,𝐹𝑑 ≤ 𝐹90,𝑅𝑑 (6.31) 

Where 𝐹𝑣,𝐹𝑑 is the highest design value of both shear forces at either side of the connection, and 
𝐹90,𝑅𝑑 is the design splitting capacity for which the characteristic value is determined according the 
Equation 6.32.  

𝐹90,𝑅𝑘 = 14 ∙ 𝑏𝑚 ∙ 𝑤 ∙ �
ℎ𝑚

�1 − ℎ𝑚
ℎ �

 (6.32) 

Where: 
𝑏𝑚 is the effective width of 3d on each side of the centre of the rod; 
𝑤 is the modification factor 
ℎ𝑚 is the loaded edge distance to the end of the rod; 
ℎ is the timber member height; 

The number of needed rods for the withdrawal and lateral shear capacity will be placed in two 
columns of each five rods underneath each other. So the highest design shear force that has to be 
resisted is: 

𝐹𝑣,𝐹𝑑 =
517.95

2 ∙ 2
= 129.49 𝑘𝑁 

The modification factor has to be taken as 1.0 for all fasteners, except for punched metal plate 
fasteners. The timber member height is in this case equal to the width of the column: 650 mm. The 
characteristic splitting capacity becomes: 

𝐹90,𝑅𝑘 = 14 ∙ (5 ∙ 6 ∙ 22) ∙ 1 ∙ �
420 ∙ sin 45°

�1− 420 ∙ sin 45°
650 �

= 216.07 𝑘𝑁 

The design splitting capacity then becomes: 

𝐹90,𝑅𝑑 = 0.8 ∙
216.07

1.25
= 138.29 𝑘𝑁 > 129.49 𝑘𝑁 

So the condition of Equation 6.31 is satisfied.  

The pre-version of the Eurocode, prEN 1995-2, gives minimum edge- and end distances, and spacings 
for rods inserted parallel or perpendicular to the grain, but not for rods inserted at an angle. Hence, 
those maximal distances are taken as a minimum. The minimum edge distance for rods inserted 
parallel to the grain is 2.5d, which is 55 mm. The spacing has to be minimal 5d, which results in a 
distance of 110 mm. 

 

End plate 
The last issue of the connection that has to be checked is the resistance against the compressive 
force perpendicular to the grain of the column, using Equations 6.10 and 6.11. The area end plate of 
the steel component is taken equal to the cross-section area of the beam. The effective contact area 
perpendicular to the grain can be increased at each side with 30 mm, as long as the width of the area 
does not become larger than the width of the column. So the contact area is: 
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𝐴𝑚𝑒 = (300 + 2 ∙ 30) ∙ (550 + 2 ∙ 30) = 249600 𝑚𝑚2 

The design compressive strength perpendicular to the grain 𝑓𝑐,0,𝑑 of the column is the same as that of 
the beam, which is 1.56 N/mm2.  

459.20 ∙ 103

249600
= 2.09 𝑁/𝑚𝑚2 < 1.75 ∙ 1.56 = 2.73 𝑁/𝑚𝑚2 

So the contact area is big enough to evade crushing of the timber by the compressive force 
perpendicular to the grain. 

 

Figures 6.21 and 6.22 shows the detail of the beam-column connection and the assembly sequence is 
as follows: 

1. The steel component is connected to the column with glued-in rods. This can be done at the 
manufactory. 

2. On site, the beam is placed between the columns on the steel component and fastened with the 
steel dowels. 

3. The floor slabs are placed between the beams and so the connection nearly completely 
protected from a fire. 

 
Figure 6.21, The beam-column connection 
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Figure 6.22, The beam-column connection horizontal 

 

5.3.4. Beam-Wall Connection 
Some beam ends are connected perpendicular to the CLT walls side planes. The forces in this 
connection are lower than in the beam-column connection. The highest tensile force is found at the 
end of the beams that span perimeter and the core walls. The highest compressive force and shear 
force are found in the beam-wall connection at the perimeter. The forces are lower for this 
connection type than for the beam-column connection. The highest results for the forces in the 
beam-wall connection are given in Table 6.22.  

Table 6.22, Governing forces in beam-wall connection 

Load combination 𝑵𝒔,𝒎 [kN] 𝑵𝒄,𝒎 [kN] 𝑽𝒛,𝒎 [kN] 

ULS-STR-3 - - 37.60 

ULS-STR-4 12.16 41.35 - 

This connection is similar to the connection between beams and columns. Thus, for simplification 
reasons it has been chosen to keep the design of the steel component that connects the beam to the 
column, and in this case the CLT wall, the same. Only the fasteners that connect the steel component 
to the wall and transfer the forces, still has to be designed. 

It has been chosen to use self-tapping screws to transfer the forces into the CLT walls. For screws 
with a diameter of 10 mm and penetration length of 180 mm the withdrawal strength becomes: 
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𝐹𝑠𝑚,90,𝑅𝑘 =
0.35 ∙ 100.8 ∙ 1800.9 ∙ 5000.75

1.5 ∙ cos2 90° + sin2 90°
= 23.75 𝑘𝑁 

The design value of the withdrawal strength is: 

𝐹𝑠𝑚,90,𝑅𝑑 = 0.8 ∙
23.75

1.3
= 14.62 𝑘𝑁 

The number of required screws to resist the tensile strength results in: 

𝑛𝑟𝑖𝑚 =
𝑁𝑠,𝑑

𝐹𝑠𝑚,90,𝑅𝑑
=

12.16
14.62

= 0.83 

 

The capacity of the screws to transfer the shear forces can be calculated with Equations 6.12 to 6.15 
in combination with the embedment strength for screws positioned in the plane side of the CLT 
panel, Equation 6.16. The embedment strength and shear capacity per screw are presented in Table 
6.23. 

Table 6.23, The embedment strength and capacity per screw 

Embedment strength Shear capacity 

𝒇𝒖,𝒌 [N/mm2] 𝑀𝑦,𝑅𝑘 [Nmm] 𝑓ℎ,𝑘 [N/mm2] 𝐹𝑣,𝑅𝑘,1 [kN] 𝐹𝑣,𝑅𝑘,2 [kN] 𝐹𝑣,𝑅𝑘,3 [kN] 

800 95545.7 24.16 41.08 17.81 11.06 

The governing failure mode is mode 3, which consists of two plastic hinges. The design shear capacity 
value per screw is: 

𝐹𝑣,𝑅𝑑 = 0.65 ∙
11.06

1.3
= 5.53 𝑘𝑁 

So the number of required screw to transfer the shear force becomes: 

𝑛𝑟𝑖𝑚 =
𝑉𝑑
𝐹𝑣,𝑅𝑑

=
37.60
5.53

= 6.80 

So the connection will be designed with 5 x 2 screws. 

Minimum end-, and edge distances, and spacings for screws inserted in the plane side of CLT panel 
are given in the draft version of CEN CLT Standard, Annex J. The calculated minimum values are given 
in Table 6.12. 

Figures 6.23 and 6.24 show the details of the beam-column connection. 
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Figure 6.23, The beam-wall connection 

 
Figure 6.24, The beam-wall connection A-A’ 
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5.4. Connection Stiffness 
The rigidity of the connections have a big influence on the stiffness of the structure and, therefore, 
on the lateral displacement at the top of the building. The translational and rotational stiffness of the 
designed connections will be determined to see what their influence is on the lateral displacement at 
the top of the building using SCIA Engineer. 

5.4.1. Translational Stiffness 
The connections are still modelled with a rigid translational stiffness. This is of course not correct and 
thus their actual stiffness’s have to be determined. This will be done using Eurocode 5 and the other 
used standards for the connection design. 

HSK-Connectors 
The connections of the CLT wall panels include HSK-connectors. The general building authority 
approval number Z-9.1-770, gives a calculated value of the slip modulus of an adhesive dowel 𝐾𝑠𝑚𝑟 
for the serviceability verification, depending on the force grain angle. For forces parallel to the grain 
is the slip modulus of an adhesive dowel 𝐾𝑠𝑚𝑟,0 = 7400 𝑁/𝑚𝑚 and for forces perpendicular to the 
grain is 𝐾𝑠𝑚𝑟,90 = 2500 𝑁/𝑚𝑚 given. 

For the vertical connections has ‘Design 1’ 3960 adhesive dowels per meter and ‘Design 2’ 1568 
dowels per meter for the tensile force in vertical direction. The wall-foundation connection has 225 
dowels per meter for the lateral shear force and for the wall-wall connection vertical is that 504 
adhesive dowels per meter. The horizontal connection between the wall panels is design with 504 
adhesive dowels per meter for the tensile force. These numbers of dowels are all for one set of 
dowels; so for the joint between the perforated steel plates and one timber wall. The calculated 
translation stiffness’s of the HSK-connections are presented in Table 6.24 per set of adhesive dowels. 

Table 6.24, Slip values per connection per set of adhesive dowels 

Connection 

 

 𝑯𝒔𝒆𝒓,𝟎 [N/mm/m] 𝑯𝒔𝒆𝒓,𝟗𝟎 [N/mm/m] 𝑯𝒔𝒆𝒓 [N/mm/m] 

Wall-foundation Design 1 29304000 562500 29866500 

 Design 2 11603200 562500 12165700 

Wall-wall vert. Design 1 29304000 1260000 30564000 

 Design 2 11603200 1260000 12863200 

Wall-wall horz.  3729600 0 3729600 

Glued-in rods 
No tensile force is found in the connections between the columns and between the columns and 
foundation. So the translational stiffness of these connections can be assumed to be rigid, but for the 
completeness of the model their stiffness is still being calculated. According to prEN 1995-2 is the slip 
modulus per glued-in rod in N/mm for rods inserted parallel to the grain: 

𝐾𝑠𝑚𝑟,0 = 0.08 ∙ 𝑑 ∙ 𝜌𝑟1.5 (6.33) 

And for rods inserted perpendicular to the grain: 

𝐾𝑠𝑚𝑟,90 = 0.04 ∙ 𝑑 ∙ 𝜌𝑟1.5 (6.34) 

Where 𝑑 is the diameter of the rod and 𝜌𝑟 is the mean density value of the timber element, which is 
460 kg/m3 glulam with strength class GL28h.  

For glued-in rods inserted at an angle α to the grain, interpolation should be applied. 
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The column-foundation connection and the column-column connection both have four rods inserted 
parallel to the grain. The beam-column connection has 10 rods inserted at an angle of 45° to the 
grain. All rods have a diameter of 22 mm. So the slip modules for rods inserted parallel to the grain 
becomes: 

𝐾𝑠𝑚𝑟,0 = 0.08 ∙ 22 ∙ 4601.5 = 17364 𝑁/𝑚𝑚 

And the slip modulus for rods inserted perpendicular to the grain becomes: 

𝐾𝑠𝑚𝑟,90 = 0.04 ∙ 22 ∙ 4601.5 = 8682 𝑁/𝑚𝑚 

Hence, the slip modulus of a rod inserted at an angle of 45° to the grain then can be calculated with 
interpolation. 

𝐾𝑠𝑚𝑟,45 = 𝐾𝑠𝑚𝑟,0 +
𝐾𝑠𝑚𝑟,90 − 𝐾𝑠𝑚𝑟,0

90 − 0
∙ (45 − 0) = 17364 +

8682− 17364
90

∙ 45 = 13023 𝑁/𝑚𝑚 

These are the translational stiffness values per glued-in rod. The Stiffness values per set of rods are 
given in Table 6.25. 

Table 6.25, Slip values per connection per set of glued-in rods 

Connection 𝑯𝒔𝒆𝒓 [N/mm] 

Column-foundation 69456 

Column-column 69456 

Beam-column 130230 

Dowels and screws 
For the connections with dowels or screws are the translational stiffness values per fastener per 
shear plane in timber-to-timber and wood-based panel-to-timber connections given in Eurocode 5, in 
N/mm, as: 

𝐾𝑠𝑚𝑟 = 𝜌𝑟1.5 ∙ 𝑑/23 (6.35) 

Eurocode 5 states that for steel-to-timber or concrete-to-timber connections, 𝐾𝑠𝑚𝑟, should be based 
on 𝜌𝑟  for the timber member and may be multiplied by 2.0. 

The beam-column and beam-wall connections have each 10 dowels with a diameter of 16 mm and 
the dowels have four shear planes. The beam-wall connection also has ten screws with a diameter of 
10 mm. The horizontal connection between the walls consists of 36 screws per meter also with a 
diameter of 10 mm. All of the connections are steel-to-timber connections. Table 6.26 gives the 
determined slip values per fastener and per set of fasteners. 

Table 6.26, Slip values per connection per set of dowels or screws 

Connection Type of fasteners 𝑯𝒔𝒆𝒓 per fastener 
[N/mm] 

𝑯𝒔𝒆𝒓 per connection 
[N/mm] 

Wall-wall horz. Screws 4861 349993 

Beam-column Dowels  54905.9 549059 

Beam wall Dowels  54905.9 549059 

 Screws 4861 97220 
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Two sets of fasteners 
Most of the connections have more than one set of fasteners as they connect two timber elements 
to each other. The lateral stiffness of connections with two sets of fasteners can be calculated with: 

𝐾𝑠𝑚𝑟 = �
1

𝐾𝑠𝑚𝑟,𝐴
+

1
𝐾𝑠𝑚𝑟,𝐵

�
−1

 (6.36) 

So the total translational stiffness of all connections can be calculated and the values that will be put 
into the SCIA Engineer model are given in Table 6.27 

Table 6.27, The translational stiffness values of the connections 

Connections   𝑯𝒔𝒆𝒓,𝒄𝒎𝒏𝒏𝒆𝒄𝒔𝒘𝒎𝒏  Unit 

Wall-foundation Design 1 29866500  N/mm /m 

  Design 2 12165700  N/mm /m 

Wall-wall vert Design 1 15282000  N/mm /m 

  Design 2 6431600  N/mm /m 

Wall-wall vertical (corner) Tensile force direction 319967  N/mm /m 

 Lateral shear direction 349993 N/mm /m 

Column-foundation   69456  N/mm 

Column-column   34728  N/mm 

Beam-column   105263  N/mm 

Beam-wall   82595  N/mm 

 

5.4.2. Rotational Stiffness 
The rotational stiffness also has an effect on the stiffness of the structure and thus on the horizontal 
lateral displacement in the Serviceability Limit State. In timber design it is normal practice to consider 
the connections as perfectly pinned or rigid against rotation. In reality, however, most connections 
are semi-rigid. For simplicity reasons are they in this thesis described as either pinned or rigid. 

Before the connection design were most of the connections already assumed to be hinged. 
Furthermore, to assume the connections as hinged is a conservative manner of approach. The 
assumed rotational stiffness’s are presented in Table 6.28. 

Table 6.28, The rotational stiffness’s of the connections 

Connections Fixed or pinned 

Wall-foundation Hinged 

Wall-wall vertical  Hinged 
Wall-wall horizontal Hinged  
Column-foundation Pinned 
Column-column Pinned  
Beam-column Pinned 
Beam-wall Pinned 
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5.4.3. Lateral Displacement at the Top 
The translational and rotational stiffness’s of the connections are put into the SCIA Engineer model. 
With the inclusion of the stiffness’s, the lateral displacement becomes 76.5 mm at the top of the 
building. This is a difference of 10.8 mm with the model where the slip in the connections was not 
taken into account, as that model had a displacement of 65.7 mm.  

The value of the lateral displacement at the top of the building is still meets the maximal 
requirement of H/800, which is 127.5 mm, with a large marge. 
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5.5. Conclusions 
The fire resistance of the connections is taken into account during their designing process. Therefore, 
it has been chosen to apply glued-in connection type for the joint that are not protected from a fire 
by other elements. 

HSK-Connectors are used for the connections between the walls panels. Glued-in rods connect the 
columns to each other, but also to the foundation. Lastly, dowel type connections are adopted for 
the rest of the joints that are not directly exposed to a fire. All connections are designed according to 
the design rules of Eurocode 5 or outer standards. 

Translational and rotational connections stiffness’s are calculated to determine their influence on the 
total building stiffness and thus on the lateral displacement at the top of the building due to wind. 
The stiffness values were included in the SCIA Engineer model and the new lateral displacement is 
76.5 mm. This is a difference of 10.8 mm with the model where the slip in the connections was not 
taken into account. This rather small influence is due to the near rigid HSK-connections between the 
walls panels. 
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6. Optimisation 
During the variant study the structural elements were optimised for the maximal forces found in all 
variants. So, it is possible that some of the structural elements of the optimal variant can be further 
optimised. Furthermore, inclusion of the connection stiffness in the model changed the distribution 
of forces. The walls and their connections are the stiffest elements, thus take most of the wind 
loading. 

The found lateral displacement at the top, which is 76.5 mm, also gives room for optimisation of the 
structure. The maximal allowed displacement at the top is 127.5 mm. 

6.1. Optimisation Dimensions Elements 
The first step of optimising the structure is to optimise the dimensions of the structural elements to 
their needed capacity. This will be done per five floors as the columns are five storeys tall. Table 6.1 
presents the minimal dimensions of the structural elements.  

Table 6.1, Minimal dimensions structural elements 

Storeys  Columns [mm] Beams [mm] Walls 

Thickness [mm] 

 

Build-up 

0-5 420 x 420 250 x 550 473 (II-I-I-I-I-I-I-I-II) 

6-10 460 x 460 270 x 550 473 (II-II-I-I- I-II-II) 

11-15 480 x 480 300 x 550 473 (II-II-I-I- I-II-II) 

16-20 490 x 490 300 x 550 473 (II-II-I-I- I-II-II) 

21-25 500 x 500 320 x 550 387 (II-I-I-I- I-I-II) 

26-30 490 x 490 330 x 550 301 (II-I- I-I-II) 

Buckling failure is governing for the columns. The wind load becomes bigger with the height of the 
building, so the bending moment has a higher value higher up in the structure. That is why the 
needed dimension of the columns is bigger at the higher storeys. It is chosen to have all column 
dimensioned with a cross-section of 500 x 500 mm. 

The beams also have a bigger load to carry, higher up in the building. The height of the beam is kept 
the same as this is the approximately the height of the floor system, which will be located between 
the beams. It is chosen to have the beams of storeys 1-10 dimensioned as 270 x 550, of storeys 11-20 
as 300 x 550 mm, and of storeys 21-30 as 330 x 550 mm. 

While the columns’ cross-section have been decreased, the walls need to be increased in thickness 
for the lower levels. Inclusion of the connection stiffness changed the wind load distribution. The 
connections between the wall panels are almost rigid, whereas the column connections are pinned 
joints. The walls already were the stiffest elements of the structure, but this effect is now enhanced. 
So an even bigger part of de wind load is transferred to the foundation by the CLT walls. Therefore, 
some of the storeys need thicker walls and the panel build-up may have to be changed: more layers 
need to be placed in perpendicular direction to the outer layers.  

Each vertical line in the panel build-up in Table 6.1 stands for a layer thickness of 43 mm. The 
horizontal lines represent the change of layer direction. Outer layers are double thick layers as a 
precaution for delamination during a fire. The build-ups of Table 6.1 are used for the optimised 
structure and their properties are given in Table 6.2. Walls of storeys 21-25 still have the same build-
up as before optimisation. 
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Table 6.2, Strength and stiffness properties of the build-up of the CLT panels in N/mm2 

Build-up 𝒌𝟑 𝑬𝟎,𝒆𝒇 𝑬𝟗𝟎,𝒆𝒇 𝒇𝒔,𝟎,𝒆𝒇 𝒇𝒔,𝟗𝟎,𝒆𝒇 𝒇𝒄,𝟎,𝒆𝒇 𝒇𝒄,𝟗𝟎,𝒆𝒇 

(II-I-I-I-I-I-I-I-II) 0.648 8170.9 4849.1 12.6 7.5 17.2 10.2 

(II-II-I-I- I-II-II) 0.561 7063.6 5956.4 10.9 9.2 14.9 12.5 

(II-I-I-I- I-I-II) 0.678 8540.0 4480.0 13.2 6.9 18.0 9.4 

(II-I- I-I-II) 0.724 9120.0 3900.0 14.1 6.0 19.2 8.2 

 

Calculation of the SCIA Engineer model with the optimised structural elements gives a new lateral 
displacement of 72.0 mm at the top of the building. It is not strange that this value is lower than that 
of the previous model as the walls of the storeys 0-20 of the optimised structure are thicker and, 
therefore, the building has a higher stiffness. 

 

6.2. Taking out Structural Elements 
The value of the lateral displacement at the top of the building is still within the allowed limit. Thus, it 
is possible to reduce the stiffness of the building. To do so, the added internal wall part of the CLT 
wall panels will be taken out of the structure and be replaced by columns and beams. At those 
storeys the structure will consist out of the core walls and the frame structure around them. 

Storeys 26-30 are the first storeys for which this is done. The lateral displacement at the top is not 
much bigger than with the added internal wall part still attached. However, the forces in the walls in 
the storeys beneath the removed wall panels increase to values that cannot be handled within the 
elements. Increasing the wall thickness from 387 mm to 473 mm for the CLT wall panels of storeys 
21-25 does still not give enough strength capacity to resist those forces. It is not possible to create a 
thicker wall panel with the chosen lamella width of 43 mm as the maximal producible CLT panel 
thickness is 500 mm. So, hereby the optimisation process is ended. 

 

6.3. Conclusions  
Inclusion of the connection stiffness inclusion in the model changed the distribution of the wind 
forces to the stabilizing elements. As a result most the walls elements had to be dimensioned thicker, 
because their connections are the stiffest.  

The structure cannot be optimised by taking out the added internal wall parts of the CLT wall panels 
and replacing them by columns and beams. The axial forces in the walls beneath the removed wall 
panels increase to values, which exceed the strength capacity of the elements, even when their 
thickness is increased to 473 mm. Thicker panels are not possible with the chosen lamella width of 43 
mm as the maximal producible CLT panel thickness is 500 mm. 

So it is not the lateral displacement but the magnitude of the axial forces that becomes the limiting 
factor in the optimisation of the chosen structural system. This is not completely strange as the 
structure is not that slender with a height of 102 meter and a width of 28.8 meter. 
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7. Discussion 
The aim of this master thesis has been defined in the introduction and consisted of an investigation 
to whether it is possible to design a tall timber building of at least 30 storeys with a structural system 
that consists of only timber elements from ground level up. The two main focus points were the 
lateral displacement at the top of the building and the strength capacity if the structural elements.  

A case study building had been designed to form the basis of this research. During a variant study 
four structural variants were designed based on this building and they were compared to each other. 
The variant with added internal stability walls was chosen as the optimal variant and a further 
elaborated study has been performed. The topics covered are the fire safety design, the connection 
design with their influence on the structural stiffness, and optimisation of the structure. 

First, an answer on the research question has been defined. Then, additional made conclusions and 
recommendations for further research are given.  

7.1. Research Question 
The research question has been defined in the introduction as follows: 

Is it possible to design a structural system for tall timber buildings with at least 30 storeys and with 
only timber structural elements from ground level up? 

A structural system was designed for a case study building of 30 storeys in order to answer this 
question. It led to researching multiple issues that have to be considered when design a building and 
a timber building in particular. Lateral displacement at the top of the building in the Serviceability 
Limit State was expected to be the limiting factor for the possible height of a tall timber structure. 
Hence, it is one of the focussing points of this thesis. The capacity of the structural elements is 
another main focus point 

In general, it can be stated that it is possible to build a tall timber building of 30 storeys with only 
timber structural elements from ground level up. The building will need extra stabilizing structural 
elements other than the core structure. When those elements are included the lateral displacement 
at the top becomes 65.7 to 83.6 mm. These values are within the maximal limit of H/800, which is 
127.5 mm. However, the connections stiffness was not included in the calculation of these values. 

For the chosen optimal variant with the internal walls as extra stabilizing elements, the fire safety 
design and the connection design are considered. The structure is left in sight, but this is not a 
concern for the fire safety of the building. The structure can be a designed with enough capacity to 
meet the required fire resistance of 120 minutes. 

The influence of the connections on the stiffness of the structure is observed during the connection 
design. The new displacement at the top became 76.5 mm, which is a difference of 10.8 mm with the 
value of the model where the slip in the connections was not taken into account. The near rigid 
connections between the CLT wall panels are the main reason for this rather small difference. 

Much higher than 30 storeys will not be possible for this structural system. Lateral displacement at 
the top of the building is not, as was expected, the limiting factor for this structural system as a result 
of the low building slenderness, which is 1:3.54. The maximal thickness of the walls and their axial 
capacity, however, limit the maximal possible height. 

For higher building than 30 storeys it should be considered to study other proposed structural 
variants of the variant study or to adopt a hybrid structure with concrete cores and a timber frame 
structure.  
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7.2. Conclusions 
In addition to the answer of the research question some conclusions concerning tall timber buildings 
are made. 

Height limiting factors  
• A tall timber building of 30 storeys needs additional stability elements besides the core 

structure to satisfy the requirement on the maximal lateral displacement at the top of 
building due to wind loading. 

• High axial forces due to the wind load are found in the CLT wall elements. Due to the cross-
layered build-up of CLT panels not the complete cross-section can be used to transfer those 
forces to the foundation. Higher forces lead to thicker wall panels and CLT panels are 
produced with a thickness up to 500 mm. 

• The height of the wind load depends on the location of the building. For this thesis the wind 
load is calculated for wind area I, which gives the highest wind load in the Netherlands. In 
other wind area a higher building height might be possible. 

• The stiffness of the connections influences the total structural stiffness and, therefore, the 
lateral displacement at the top of the building, but also on the wind load distribution to 
structural elements that have to transfer it to the foundation. 

• As a result of the wind load on the building tensile force can be found in the foundation. 
Timber is a relatively light weight material, so the total weight of the timber structure has its 
limits in countering the tensile forces due to the wind. 

Fire safety 
• Fire safety does not have to be a big issue for a timber structure as timber has a preferable 

burning characteristics. 
• Oversizing of the structural elements gives the structure extra strength capacity to prevent 

structural failure during a fire even when the cross-sections are reduced due to charring. 
• Unprotected dowel type connections do not meet the required fire resistance of 120 minutes 

and, therefore, have to be protected by encapsulation material or by the timber elements 
themselves. Instead glued-in connections can be considered. 

Connection design 
• Connections consisting of the HSK-system have a near rigid stiffness. 
• The stiffness of the connection can have a big influence of the total structural stiffness and 

on the wind load distribution to the stabilising structural elements. 

Timber vs. concrete or steel 
• It is possible to build higher in concrete or in steel, than it is in an all timber structure. 
• Lower tensile forces will be found in the foundation of a concrete or steel building as those 

materials have an higher density and so a more mass to counter the tensile forces.  
• Reinforced concrete is able handle higher axial forces than CLT panels. A hybrid structure 

with concrete cores and a timber frame structure could be an option to utilise both materials 
to their potential.  
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7.3. Further Research 
In this thesis the structural variant with added internal walls was chosen as the optimal variant over 
the other variants. One of the reasons was a better utilisation of the strength capacity of the 
structural elements. This, however, also resulted in fewer possibilities for optimisation of the 
structure. Furthermore, high axial forces in the CLT wall elements were concluded to be the main 
height limiting factor. The other variants had lower axial forces in their added stability elements and 
thus more reserve capacity. Hence, it is advised to investigate the possible height of a building with a 
timber structure like the other two variants with the added stability elements positioned on the 
perimeter. 

Several papers were used to determine the strength and stiffness properties of CLT panels, as design 
rules of CLT are not yet concluded in Eurocode 5. To make creation of structures with CLT panels 
more commonly used, effort should be made to include design rules for the material into the used 
structural design standards, like Eurocode 5. 

Multiple different connection types for joints between CLT wall panels are available for low-rise 
timber buildings. For taller timber buildings, however, not many connection examples are available. 
The HSK-system seems to have a lot of potential, but more research is needed to optimise CLT wall 
connections. 

The influence of rotation in the foundation on the lateral displacement has been neglected in this 
thesis. It is expected to have a considerable influence on the lateral displacements of the structure 
due to the wind. Thus, it is advised to study its effect. 
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Annex A: Vibration Calculation 
The vibrational performance of the floor systems is determined using the proposal for the Austrian 
standard Önorm B 1995-1-1. It is chosen to use this standard as it gives clearer rules for calculation of 
the vibration criteria than the European standard EN 1995-1-1 art. 7.3.3 in combination with the 
Dutch national annex does. 

In the Austrian proposal is a floor in a multi-storey residential building categorised in Floor Class I. 
There are two requirements that need to be checked: the natural frequency 𝑓1 and the largest initial 
vertical deflection 𝑤𝑠𝑠𝑠𝑠 due to a vertical acting static concentrated load of 𝐹 = 1 kN.  

The floors have to have a natural frequency 𝑓1 that is higher than 8 Hz. The natural frequency is 
determined with: 

𝑓1 =
𝜋

2 ∙ 𝑙2
∙ �

(𝐸 ∙ 𝐼)𝑓
𝑚

 (A.1) 

With: 
𝑙 is the floor span in meter; 
𝑚 is the mass per unit area in kg/m2; 
(𝐸 ∙ 𝐼)𝑓  is the equivalent plate bending stiffness of the floor about an axis perpendicular to the 

beam direction, in Nm2/m. 

The floors will span 7.2 meter and the width is assumed to also be 7.2 meter. The mass of the floor 
includes not only the permanent load of the floor system with the floating screed and / or hanging 
ceiling, but also the mass of the variable load: 𝜓2 ∙ 𝑚𝑄,𝑘. The variable load of a floor with an office 
function is 2.5 kN/m2 and the combination factor 𝜓2 is 0.3.  

The stiffness values are found in publications of the floor system’s manufacturers or by simple 
mechanic calculations. The entered values and results of the natural frequency are given in Table A.1. 

Table A.1, Natural frequency 

Floor type Mass 𝒓 [kg/m2] (𝑬 ∙ 𝑰)𝒍 [Nm2/m] Natural frequency 𝒇𝟏 [Hz] 

Massive floor 233.4 15065602 7.70 

LVL Rib floor 148.4 14097778 9.34 

Lignatur® floor 181.2 22323400 10.64 

Lignotrend® floor 198.3 28420000 11.47 

The largest initial vertical deflection due to a vertical acting static concentrated load of 𝐹 = 1 kN, is: 

𝑤𝑠𝑠𝑠𝑠 =
𝐹 ∙ 𝑙3

48 ∙ (𝐸 ∙ 𝐼)𝑓 ∙ 𝑏𝐹
 (A.2) 

The effective width 𝑏𝐹 is determined as: 

𝑏𝐹 = min�
𝑙

1.1
∙ �

(𝐸 ∙ 𝐼)𝑏
(𝐸 ∙ 𝐼)𝑓

4

Floor width 𝑏

 (A.3) 

Where (𝐸 ∙ 𝐼)𝑏 is the equivalent plate bending stiffness, in Nm2/m, of the floor about an axis parallel 
to the beams, where (𝐸 ∙ 𝐼)𝑏 < (𝐸 ∙ 𝐼)𝑓. 



 

 
 

For Floor Class I, the allowed initial vertical deflection 𝑤𝑠𝑠𝑠𝑠 must be lower than or equal to 0.25 mm. 
The determined values of the initial vertical deflection are given in Table A.2.  

Table A.2, Largest initial vertical deflection 

Floor type (𝑬 ∙ 𝑰)𝒃 [Nm2/m] Effective width 𝒃𝑭 [m] Initial vertical 
deflection 𝒘𝒔𝒔𝒔𝒔 [m] 

Massive floor 1483895 3.67 0.141 

LVL Rib floor 1033800 3.41 0.162 

Lignatur® floor 828782 2.87 0.121 

Lignotrend® floor 603841 2.50 0.109 

Floor systems with a natural frequency between 4.5 and 8.0 Hz also need to be checked on the limit 
of acceleration in addition to complying to the initial deflection criterion. This is the case for the 
massive floor, but the calculation is also done for the rest of the floors. The limit of acceleration 
needs to be 𝑎𝑟𝑟𝑠 ≤ 0.05 𝑚/𝑠2 

The effective value of vibration acceleration 𝑎𝑟𝑟𝑠 for single span, on all sides hinged floor must in 
this case be approximately calculated as follows: 

𝑎𝑟𝑟𝑠 =
0.4 ∙ 𝛼 ∙ 𝐹0
2 ∙ 𝜁 ∙ 𝑀∗  (A.4) 

With: 

𝛼 
Coefficient to take into account the influence of the natural frequency of the vibration 
acceleration, with 𝛼 = 𝑒−0.47∙𝑒1  

𝐹0 Weight of a walking person on the considered floor in N, 𝐹0 = 700 𝑁; 
𝜁 is the modal damping ratio; 
𝑀∗ is the modal mass in kg. 

The modal mass is calculated with: 

𝑀∗ = 𝑚 ∙
𝑙
2
∙ 𝑏 (A.5) 

The Austrian proposal gives a modal damping ratio of 𝜁 = 0,02 for floor structures with a floating 
screed. The calculated effective values of the vibration acceleration are given in Table A.3. 

Table A.3, Effective values of vibration acceleration 

Floor type 𝜶 Modal mass 𝑴∗ [kg] Effective value of vibration 
acceleration 𝒔𝒓𝒓𝒔 [m/s2] 

Massive floor 0.0268 6050 0.031 

LVL Rib floor 0.0124 3847 0.023 

Lignatur® floor 0.0067 4696 0.010 

Lignotrend® floor 0.0046 5140 0.006 

  



 

Annex B: Calculation of the Wind Load 
The European code EN 1991-1-4 in combination with the Dutch national annex is used for the 
calculation of the wind load. The equation for the extreme wind load on the façade is calculated is 
given as: 

𝑄𝑤 = 𝑐𝑠𝑐𝑑 ∙ 𝑐𝑒 ∙ 𝑞𝑜(𝐻𝑚) (B.1) 

The peak velocity pressure at height z, which includes mean and short-term velocity fluctuations, 
should be determined with: 

𝑞𝑜(𝐻) = �1 + 7 ∙ 𝐼𝑣(𝐻)� ∙ 12 ∙ 𝜌 ∙ 𝑣𝑟
2(𝐻)  (B.2) 

Where 𝑣𝑟(z) is the mean wind value on a height z above the terrain, given by: 

𝑣𝑟(𝐻) = 𝑐𝑟(𝐻) ∙ 𝑐0(𝐻) ∙ 𝑣𝑏 (B.3) 

The first parameter, the terrain roughness factor, is calculated with: 

𝑐𝑟(𝐻) = 𝑘𝑟 ∙ ln �
𝐻
𝐻0
� (B.4) 

 Where the terrain factor is 

𝑘𝑟 = 0.19 ∙ �
𝐻0

0.05
�
0.07

  (B.5) 

With 𝐻0 as a measurement of the terrain roughness length and equals 0.5 for an urban area 
according to the Dutch national annex. This results in a terrain factor of: 

𝑘𝑟 = 0.19 ∙ �
0.5

0.05
�
0.07

= 0.22   

The second parameter of Equation B.2 is the orography factor and is equal to 1.0. The basic wind 
speed 𝑣𝑏 is given as: 

𝑣𝑏 = 𝑐𝑑𝑖𝑟 ∙ 𝑐𝑠𝑚𝑠𝑠𝑖𝑚 ∙ 𝑣𝑏,0 (B.6) 

The directional factor and seasonal factor are both stated to be equal to 1.0 in the Dutch national 
annex. The fundamental value of the basic wind velocity is dependent on the wind area. The case 
study building stands in the area with the highest wind speed, which is area I. therefore, 𝑣𝑏,0 is equal 
to 29.5 m/s and the basic wind speed is: 

𝑣𝑏 = 1.0 ∙ 1.0 ∙ 29.5 = 29.5 𝑚/𝑠  

The turbulence intensity 𝐼𝑣(𝐻) at height z is defined as the standard deviation of the turbulence 
divided by the mean wind velocity 

𝐼𝑣(𝐻) =
𝑘𝑓

𝑐0(𝐻) ∙ ln � 𝐻𝐻0
�

 (B.7) 

Where 𝑘𝑓 is the turbulence factor and is equal to 1.0. The last unknown value of Equation B.1 is the 
air density 𝜌, which is 1.25 kg/m3. 

The distribution of the peak velocity pressure values over the height of the building depends on the 
buildings’ shape. For the case study building applies that the height is higher than two times the 
width (h > b). So the situation in Figure B.1 applies. 



 

 
 

 
Figure B.1, Distribution of the peak velocity pressure 

The peak velocity pressure values on the case study building’s façade can be calculated and the 
results are given in Table B.1. 

Table B.1, The peak velocity pressure values 

Reference 
height z [m] 

Terrain roughness 
factor 𝒄𝒓(𝒛) 

Mean wind speed 
𝒗𝒓(𝒛) [m/s] 

Turbulence 
intensity 𝑰𝒗(𝒛) 

Peak velocity 
pressure 𝒒𝒑(𝒛) 

28.8 0.90 26.69 0.25 1.21 

102.0 1.19 35.02 0.19 1.78 

 

For framed buildings which have structural walls, and which are less than 100 meter high, and whose 
height is less than four times the in-wind depth, the value of the building factor 𝑐𝑠𝑐𝑑 may be taken as 
1.0 (art. 6.1 (1c) of EN 1991-1-4). The case study building is only 2 meters taller than these 
requirements, so de building factor is 𝑐𝑠𝑐𝑑 = 1.0. 

The force factor is calculated with: 

𝑐𝑒 = 𝑐𝑒,0 ∙ 𝜓𝑟 ∙ 𝜓𝜆 (B.8) 

As the case study building has square floor plan, the force coefficient of rectangular sections with 
sharp corners and without free-end flow 𝑐𝑒,0 is equal to 2.1. The building has no round corners, so 
𝜓𝑟 = 1.0.  

The end-effect factor 𝜓𝜆 has to be determined as a function of slenderness ratio 𝜆. The slenderness 
of the case study building is 102/28.8 = 3.54 and the solidity ratio ϕ is assumed to be 1.0. This results 
in an end-effect factor 𝜓𝜆 of 0.65. The force factor is: 

𝑐𝑒 = 2.1 ∙ 1.0 ∙ 0.65 = 1.37  

All parameters needed for the calculation of the extreme wind load on the façade are now given. 
Table B.2 gives the values of the extreme wind loads at the two reference heights. 

 

 



 

Table B.2, Extreme wind load 

Reference height z [m] Extreme wind load 𝑸𝒘 [kN/m2] 

28.8 1.66 

102.0 2.42 

The wind load on the building between a height of 28.8 meter and 73.2 meter can be given by 
substitution of the known values in a simplified equation: 

𝑄𝑤(𝐻) =
𝑄𝑤(ℎ) + 𝑄𝑤(𝑏)

ℎ − 2 ∙ 𝑏
∙ (𝐻 − 𝑏) + 𝑄𝑤(𝑏) (B.9) 

𝑄𝑤(𝐻) =
2.40 + 1.66

102− 2 ∙ 28.8
∙ (𝐻 − 28.8) + 1.66 = 0.017 ∙ 𝐻 − 1.17 (B.10) 

The total variable lateral wind load is shown in Table B.3. 

Table B.3, Total wind load 

Load height z [m] Variable wind load 𝑸𝒘 [kN/m2] 

0 – 28.8  1.66 

28.8 – 73.2 0.017∙z + 1.17 

73.2 – 102.0  2.42 

 

  



 

 
 

  



 

Annex C: Results Forces and Displacements Structural Variants 

C.1. Results Variant 1 

Ultimate limit state 
  Beams         

Load combination 𝑵𝒔,𝒎 [kN] 𝑵𝒄,𝒎 [kN] 𝑽𝒛,𝒎 [kN] 
𝑴𝒚,𝒎 
[kNm] 

𝑴𝒛,𝒎 
[kNm] 

ULS-STR-1 122,64 159,03 39,66 23,17 1,37 
ULS-STR-2 221,17 288,82 70,30 31,36 2,13 
ULS-STR-3 307,76 400,95 98,72 44,03 3,10 
ULS-STR-4 243,03 516,36 71,37 31,64 54,42 
ULS-STR-5 207,76 271,15 68,29 30,30 2,08 

 

  Columns       Core walls  

Load combination 
𝑵𝒄,𝒎 
[kN] 𝑽𝒛,𝒎 [kN] 

𝑴𝒚,𝒎 
[kNm] 

𝑴𝒛,𝒎 
[kNm] 

𝑵𝒔,𝒚 
[kN/m] 

𝑵𝒄,𝒚 
[kN/m] 

𝝉𝒓𝒔𝒎,𝒎 
[N/mm2] 

ULS-EQU-1 1726,24 61,68 5,73 124,71 1653,56 2278,79 0,5 
ULS-EQU-2 2919,51 61,68 12,71 124,72 1653,56 2526,06 0,5 
ULS-STR-1 2216,51 2,25 7,665 7,41 92,61 590,23 0,1 
ULS-STR-6 2858,32 3,30 11,22 10,93 111,73 719,32 0,1 
ULS-STR-7 3396,92 4,10 13,95 13,63 126,37 819,37 0,1 
ULS-STR-8 2699,35 61,68 10,83 124,71 1545,87 2495,84 0,4 
ULS-STR-9 2655,38 3,05 10,38 10,12 102,79 661,88 0,1 
ULS-STR-10 1477,68 1,50 5,1 4,94 61,74 393,49 0,0 
ULS-STR-11 2119,48 2,55 8,67 8,47 80,86 522,57 0,1 
ULS-STR-12 2904,36 3,60 12,25 11,99 105,79 688,21 0,1 
ULS-STR-13 2260,66 61,68 9,13 124,71 1653,56 2388,15 0,5 
ULS-STR-14 2162,82 2,55 8,68 8,47 82,21 530,72 0,1 

 

Serviceability Limit State  
  Lateral displacement Beams 
Load combination 𝑢𝑦 [mm] 𝑢𝑧 [mm] 
SLS-CHA-1 - 3,8 
SLS-CHA-2 130,1 2,8 
SLS-CHA-3 - 2,7 
SLS-CHA-4 130,1 - 
SLS-FRE-1 - 2,1 
SLS-FRE-2 13,2 1,9 
SLS-FRE-3 - 1,9 
SLS-QUA-1 - 1,9 

 

 



 

 
 

C.2. Results Variant 2 

Ultimate limit state 
  Beams         

Load combination 𝑵𝒔,𝒎 [kN] 𝑵𝒄,𝒎 [kN] 𝑽𝒛,𝒎 [kN] 
𝑴𝒚,𝒎 
[kNm] 

𝑴𝒛,𝒎 
[kNm] 

ULS-STR-1 176,16 158 36,16 23,17 2,32 
ULS-STR-2 262,81 285,48 65,8 32,60 3,4 
ULS-STR-3 438,22 395,40 92,58 45,75 4,66 
ULS-STR-4 551,16 401,76 64,77 39,92 47,87 
ULS-STR-5 271,87 267,93 62,83 33,53 3,43 

 

  Columns       

Load combination 𝑵𝒄,𝒎 [kN] 𝑽𝒛,𝒎 [kN] 
𝑴𝒚,𝒎 
[kNm] 

𝑴𝒛,𝒎 
[kNm] 

ULS-EQU-1 1697,87 54,15 110,27 73,81 
ULS-EQU-2 2973,58 70,74 144,14 107,76 
ULS-STR-1 2048,46 27,55 56,63 56,69 
ULS-STR-6 2598,49 34,34 70,64 70,73 
ULS-STR-7 3052,00 41,07 84,45 84,56 
ULS-STR-8 2719,23 67,11 136,74 100,34 
ULS-STR-9 2411,86 32,62 66,91 65,47 
ULS-STR-10 1365,64 18,36 37,76 37,80 
ULS-STR-11 1915,67 25,16 51,76 51,83 
ULS-STR-12 2607,93 34,95 71,86 71,96 
ULS-STR-13 2275,15 61,01 124,27 87,84 
ULS-STR-14 1956,65 26,50 54,33 52,87 

 

  Core walls   Internal stability walls   

Load combination 

𝑵𝒔,𝒚 
[kN/m] 

𝑵𝒄,𝒚 
[kN/m] 

𝝉𝒓𝒔𝒎,𝒎 
[N/mm2] 

𝑵𝒔,𝒚 
[kN/m] 

𝑵𝒄,𝒚 
[kN/m] 

𝝉𝒓𝒔𝒎,𝒎 
[N/mm2] 

ULS-EQU-1 1100,83 1667,32 0,6 1780,62 2431,11 0,2 
ULS-EQU-2 1100,83 1866,46 0,6 1780,62 2674,28 0,3 
ULS-STR-1 93,38 599,48 0,2 51,52 547,06 0,2 
ULS-STR-6 111,15 722,12 0,2 56,43 667,42 0,2 
ULS-STR-7 124,04 812,70 0,2 66,10 752,87 0,2 
ULS-STR-8 1013,44 1854,11 0,6 1667,40 2652,86 0,3 
ULS-STR-9 102,03 663,30 0,2 56,12 613,19 0,2 
ULS-STR-10 62,25 399,65 0,1 34,35 364,71 0,1 
ULS-STR-11 80,03 522,30 0,1 39,26 485,07 0,1 
ULS-STR-12 103,29 679,48 0,2 54,65 631,30 0,2 
ULS-STR-13 1100,83 1752,29 0,6 1780,62 2539,64 0,3 
ULS-STR-14 81,27 530,08 0,2 44,69 491,62 0,2 

 



 

Serviceability Limit State  
  Lateral displacement Beams 
Load combination 𝑢𝑦 [mm] 𝑢𝑧 [mm] 
SLS-CHA-1 - 3,9 
SLS-CHA-2 65,7 3,5 
SLS-CHA-3 - 3,1 
SLS-CHA-4 65,2 - 
SLS-FRE-1 - 2,4 
SLS-FRE-2 8,0 2,2 
SLS-FRE-3 - 2,2 
SLS-QUA-1 - 2,1 

 
  



 

 
 

C.3.  Results Variant 3 

Ultimate limit state 
  Beams        

Load combination 𝑵𝒔,𝒎 [kN] 𝑵𝒄,𝒎 [kN] 𝑽𝒛,𝒎 [kN] 
𝑴𝒚,𝒎 
[kNm] 

𝑴𝒛,𝒎 
[kNm] 

ULS-STR-1 82,44 50,20 26,43 13,03 1,06 
ULS-STR-2 177,05 106,12 56,63 28,23 1,38 
ULS-STR-3 264,75 159,44 84,51 42,24 2,04 
ULS-STR-4 176,49 194,52 56,21 27,50 14,27 
ULS-STR-5 168,11 100,84 54,44 26,81 1,46 

 

  Core walls  External stability walls 

Load combination 

𝑵𝒔,𝒚 
[kN/m] 

𝑵𝒄,𝒚 
[kN/m] 

𝝉𝒓𝒔𝒎,𝒎 
[N/mm2] 

𝑵𝒔,𝒚 
[kN/m] 

𝑵𝒄,𝒚 
[kN/m] 

𝝉𝒓𝒔𝒎,𝒎 
[N/mm2] 

ULS-EQU-1 1044,06 1680,19 1,0 564,79 1551,00 0,7 
ULS-EQU-2 1044,06 1917,55 1,1 564,79 1880,28 0,8 
ULS-STR-1 92,46 590,20 0,1 130,05 788,84 0,1 
ULS-STR-6 111,60 717,19 0,1 156,66 946,30 0,2 
ULS-STR-7 126,22 814,34 0,2 174,82 1052,91 0,2 
ULS-STR-8 941,75 1891,72 1,0 504,44 1864,08 0,7 
ULS-STR-9 102,63 659,42 0,1 143,81 857,72 0,1 
ULS-STR-10 61,64 393,47 0,1 86,70 525,89 0,1 
ULS-STR-11 80,78 520,46 0,1 113,31 683,35 0,1 
ULS-STR-12 105,67 683,18 0,1 145,92 877,61 0,2 
ULS-STR-13 1044,06 1781,32 1,0 564,79 1698,64 0,7 
ULS-STR-14 82,09 528,27 0,1 114,91 692,42 0,1 

 

Serviceability Limit State  
  Lateral displacement Beams  
Load combination 𝑢𝑦 [mm] 𝑢𝑧 [mm] 
SLS-CHA-1 - 4,0 
SLS-CHA-2 72,5 2,7 
SLS-CHA-3 - 2,7 
SLS-CHA-4 72,5 - 
SLS-FRE-1 - 2,0 
SLS-FRE-2 7,3 1,7 
SLS-FRE-3 - 1,7 
SLS-QUA-1 - 1,5 

 

  



 

C.4. Results Variant 4 

Ultimate limit state 
  Beams         

Load combination 𝑵𝒔,𝒎 [kN] 𝑵𝒄,𝒎 [kN] 𝑽𝒛,𝒎 [kN] 
𝑴𝒚,𝒎 
[kNm] 

𝑴𝒛,𝒎 
[kNm] 

ULS-STR-1 153,02 166,68 38,73 23,17 1,88 
ULS-STR-2 260,91 298,75 68,80 31,51 3,21 
ULS-STR-3 356,84 412,85 96,17 43,90 4,44 
ULS-STR-4 270,07 411,91 67,10 30,12 56,64 
ULS-STR-5 244,67 280,34 66,25 29,62 3,02 

 

  Diagonals 
 

    

Load combination 𝑵𝒔,𝒎 [kN] 𝑵𝒄,𝒎 [kN] 𝑽𝒛,𝒎 [kN] 
𝑴𝒚,𝒎 
[kNm] 

𝑴𝒛,𝒎 
[kNm] 

ULS-EQU-1 164,05 208,93 0,59 0,73 0,00 
ULS-EQU-2 179,65 243,43 0,59 0,73 0,00 
ULS-STR-1 26,47 82,44 0,88 1,09 0,00 
ULS-STR-2 41,56 123,30 0,88 1,09 0,00 
ULS-STR-3 60,69 162,25 0,78 0,97 0,00 
ULS-STR-4 175,13 250,78 0,78 0,97 0,00 
ULS-STR-5 42,52 115,18 0,78 0,97 0,00 

 

  Columns  Core walls   

Load combination 

𝑵𝒄,𝒎 
[kN] 𝑽𝒛,𝒎 [kN] 

𝑴𝒚,𝒎 
[kNm] 

𝑴𝒛,𝒎 
[kNm] 

𝑵𝒔,𝒚 
[kN/m] 

𝑵𝒄,𝒚 
[kN/m] 

𝝉𝒓𝒔𝒎,𝒎 
[N/mm2] 

ULS-EQU-1 2486,03 34,76 29,86 69,77 1146,90 1769,03 1,3 
ULS-EQU-2 3458,53 35,05 44,81 70,11 1146,90 2013,93 1,3 
ULS-STR-1 2045,98 13,77 25,91 25,90 92,48 588,99 0,1 
ULS-STR-6 2566,27 17,72 32,70 32,69 111,53 717,50 0,1 
ULS-STR-7 2973,98 20,79 37,97 37,97 126,08 816,86 0,1 
ULS-STR-8 3340,47 34,97 42,41 70,03 1039,73 1984,48 1,3 
ULS-STR-9 2368,34 16,37 30,19 30,10 102,58 660,22 0,1 
ULS-STR-10 1363,98 9,18 17,27 17,27 61,66 392,66 0,0 
ULS-STR-11 1884,28 13,14 24,06 24,06 80,70 521,17 0,1 
ULS-STR-12 2419,32 17,73 32,22 32,21 105,53 685,97 0,1 
ULS-STR-13 2916,39 34,89 36,66 69,92 1146,90 1877,31 1,3 
ULS-STR-14 1913,68 13,31 24,43 24,34 52,03 529,34 0,1 

 

 

 

 

 



 

 
 

Serviceability Limit State  
  Lateral displacement Beams  
Load combination 𝑢𝑦 [mm] 𝑢𝑧 [mm] 
SLS-CHA-1 - 4,2 
SLS-CHA-2 83,6 3,1 
SLS-CHA-3 - 2,9 
SLS-CHA-4 83,6 - 
SLS-FRE-1 - 2,3 
SLS-FRE-2 8,3 2,1 
SLS-FRE-3 - 2,1 
SLS-QUA-1 - 2,0 

  



 

Annex D: Eurocode Checks on the Capacity of the Structural Variants 
 

D.1.  Variant 1 

D.1.1. Variant 1: Column 

D.1.2. Variant 1: Beam 

D.1.3. Variant 1: Core wall 

D.2.  Variant 2 

D.2.1. Variant 2: Column 

D.2.2. Variant 1: Beam 

D.2.3. Variant 2: Core wall 

D.2.4. Variant 2: Internal stability wall 

D.3. Variant 3 

D.3.1. Variant 1: Beam 

D.3.2. Variant 2: Core wall 

D.3.3. Variant 2: External stability wall 

D.4. Variant 4 

D.4.1. Variant 2: Column 

D.4.2. Variant 1: Beam 

D.4.3. Variant 2: Core wall 

D.4.4. Variant 2: Diagonal 

D.5.  Finnforest floor calculation  



b 650 mm fm,k 28 N/mm2

h 650 mm ft,0,k 19,5 N/mm2

A 422500 mm2
fc,0,k 26,5 N/mm2

Wy 4,58E+07 mm3
fv,k 3,2 N/mm2

Wz 4,58E+07 mm3
E0,k 10200 N/mm2

Iy 1,49E+10 mm4
E0,mean 12600 N/mm2

Iz 1,49E+10 mm4
E90,mean 420 N/mm2

span l 3400 mm Gmean 720 N/mm2

Nc 2919,51 kN My 12,71 kNm

Vz 61,68 kN Mz 124,72 kNm

kmod 0,8 fm,d 17,78 N/mm2

kh 0,99 ft,0,d 12,38 N/mm2

γM 1,25 fc,0,d 16,96 N/mm2

fv,d 2,05 N/mm2

σc,0,d 6,91 N/mm2

Unity check (3.22) 0,407

σm,y,d 0,28 N/mm2
Unity check (3.23) 0,123

σm,z,d 2,72 N/mm2
Unity check (3.24) 0,164

km 0,7

kcr 0,67 τd 0,33 N/mm2

bef 435,5 mm Unity check (3.25) 0,160

Unity check (3.26) 0,289

Unity check (3.27) 0,330

i 187,64

λ 18,1

λrel (3.27) 0,294 → no addi onal checks are needed

Nc 3396,92 kN My 13,95 kNm

Vz 4,1 kN Mz 13,63 kNm

kmod 0,65 fm,d 14,44 N/mm2

kh 0,99 ft,0,d 10,06 N/mm2

γM 1,25 fc,0,d 13,78 N/mm2

fv,d 1,66 N/mm2

ULS: Shear stresses

ULS: Combined bending and axial compression

ULS: Buckling

ULS: Bending stresses

ULS: Compressive stresses

SCIA results: ULS‐EQU‐2

Design strength/stiffness properties

Section properties

D.1.1. Variant 1: Column
Eurocode check on the capacity of the column

Characteristic strength/stiffness properties GL28h

SCIA results: ULS‐STR‐7

Design strength/stiffness properties



σc,0,d 8,04 N/mm2

Unity check (3.22) 0,583

σm,y,d 0,30 N/mm2
Unity check (3.23) 0,036

σm,z,d 0,30 N/mm2
Unity check (3.24) 0,035

km 0,7

kcr 0,67 τd 0,02 N/mm2

bef 435,5 mm Unity check (3.25) 0,013

Unity check (3.26) 0,376

Unity check (3.27) 0,376

i 187,64

λ 18,12

λrel (3.27) 0,294 → no addi onal checks are needed

ULS: Combined bending and axial compression

ULS: Buckling

ULS: Compressive stresses

ULS: Bending stresses

ULS: Shear stresses



b 300 mm fm,k 28 N/mm2

h 550 mm ft,0,k 19,5 N/mm2

A 165000 mm2
fc,0,k 26,5 N/mm2

Wy 1,51E+07 mm3
fv,k 3,2 N/mm2

Wz 8,25E+06 mm3
E0,k 10200 N/mm2

Iy 4,16E+09 mm4
E0,mean 12600 N/mm2

Iz 1,24E+09 mm4
E90,mean 420 N/mm2

span l 7200 mm Gmean 720 N/mm2

Nt 307,76 kN My 44,03 kNm

Nc 400,95 kN Mz 3,10 kNm

Vz 98,72 kN

kmod 0,65 fm,d 14,69 N/mm2

kh 1,01 ft,0,d 10,23 N/mm2

γM 1,25 fc,0,d 13,78 N/mm2

fv,d 1,66 N/mm2

σt,0,d 1,87 N/mm2 σc,0,d 2,43 N/mm2

Unity check (3.28) 0,182 Unity check (3.22) 0,176

σm,y,d 2,91 N/mm2
Unity check (3.23) 0,216

σm,z,d 0,38 N/mm2
Unity check (3.24) 0,164

km 0,7

kcr 0,67 τd 1,34 N/mm2

bef 201,0 mm Unity check (3.25) 0,805

Unity check (3.26) 0,247

Unity check (3.27) 0,195

lef 6480,00 mm λz 83,1

σm,crit (3.30) 200,91 N/mm2 λrel,z (3.27) 1,349

λrel,m (3.29) 0,373 βc 0,1

kcrit 1 kz (3.35) 1,462

Unity check (3.31) 0,198 kc,z (3.34) 0,493

Unity check (3.33) 0,397

ULS: Combined bending and axial compression

ULS: Lateral torsional buckling

Design strength/stiffness properties

ULS: Tensile stresses ULS: Compressive stresses

ULS: Bending stresses

ULS: Shear stresses

Section properties

D.1.2. Variant 1: Beam
Eurocode check on the capacity of the beam

Characteristic strength/stiffness properties GL28h

SCIA results: ULS‐STR‐3



Nt 243,03 kN My 31,64 kNm

Nc 516,36 kN Mz 54,42 kNm

Vz 71,37 kN

kmod 0,8 fm,d 18,08 N/mm2

kh 1,01 ft,0,d 12,59 N/mm2

γM 1,25 fc,0,d 16,96 N/mm2

fv,d 2,05 N/mm2

σt,0,d 1,47 N/mm2 σc,0,d 3,13 N/mm2

Unity check (3.28) 0,117 Unity check (3.22) 0,185

σm,y,d 2,09 N/mm2
Unity check (3.23) 0,371

σm,z,d 6,60 N/mm2
Unity check (3.24) 0,446

km 0,7

kcr 0,67 τd 0,97 N/mm2

bef 201,0 mm Unity check (3.25) 0,47

Unity check (3.26) 0,405

Unity check (3.27) 0,480

lef 6480,00 mm λz 83,1

σm,crit (3.30) 200,91 N/mm2 λrel,z (3.27) 1,349

λrel,m (3.29) 0,373 βc 0,1

kcrit 1 kz (3.35) 1,462

Unity check (3.31) 0,116 kc,z (3.34) 0,493

Unity check (3.33) 0,387

SCIA results: ULS‐STR‐4

Design strength/stiffness properties

ULS: Lateral torsional buckling

ULS: Tensile stresses ULS: Compressive stresses

ULS: Bending stresses

ULS: Shear stresses

ULS: Combined bending and axial compression



d 387 mm ft,0,k 13,2 N/mm2

h 3400 mm fc,0,k 18,0 N/mm2

b 1000 mm fv,k 3,2 N/mm2

A 387000 mm2
E0,k 6913,3 N/mm2

k3  0,678 E0,mean 8540,0 N/mm2

Aef  2,62E+05 mm2
E90,mean 4480,0 N/mm2

Build‐up: 7 layers (II‐I‐I‐I‐I‐I‐II) Gmean 617,3 N/mm2

Nt 1653,56 kN/m τmax 0,5 N/mm2

Nc 2526,06 kN/m

kmod 0,8 ft,0,d 8,45 N/mm2

γM 1,25 fc,0,d 11,52 N/mm2

fv,d 2,05 N/mm2

σt,0,d 6,30 N/mm2 σc,0,d 9,63 N/mm2

Unity check (3.22) 0,746 Unity check (3.22) 0,836

Unity check (3.25) 0,244

Section properties

D.1.3. Variant 1: Core wall
Eurocode check on the capacity of the core walls

Characteristic strength/stiffness properties CLT

ULS: Shear stresses

ULS: Tensile stresses ULS: Compressive stresses

SCIA results: ULS‐EQU‐2

Design strength/stiffness properties



b 650 mm fm,k 28 N/mm2

h 650 mm ft,0,k 19,5 N/mm2

A 422500 mm2
fc,0,k 26,5 N/mm2

Wy 4,58E+07 mm3
fv,k 3,2 N/mm2

Wz 4,58E+07 mm3
E0,k 10200 N/mm2

Iy 1,49E+10 mm4
E0,mean 12600 N/mm2

Iz 1,49E+10 mm4
E90,mean 420 N/mm2

span l 3300 mm Gmean 720 N/mm2

Nc 2973,58 kN My 144,14 kNm

Vz 70,74 kN Mz 107,76 kNm

kmod 0,8 fm,d 17,78 N/mm2

kh 0,99 ft,0,d 12,38 N/mm2

γM 1,25 fc,0,d 16,96 N/mm2

fv,d 2,05 N/mm2

σc,0,d 7,04 N/mm2

Unity check (3.22) 0,415

σm,y,d 3,15 N/mm2
Unity check (3.23) 0,270

σm,z,d 2,35 N/mm2
Unity check (3.24) 0,256

km 0,7

kcr 0,67 τd 0,37 N/mm2

bef 435,5 mm Unity check (3.25) 0,183

Unity check (3.26) 0,442

Unity check (3.27) 0,429

i 187,64

λ 17,6

λrel (3.27) 0,285 → no addi onal checks are needed

ULS: Shear stresses

ULS: Combined bending and axial compression

ULS: Buckling

ULS: Bending stresses

ULS: Compressive stresses

SCIA results: ULS‐EQU‐2

Design strength/stiffness properties

Section properties

D.2.1. Variant 2: Column
Eurocode check on the capacity of the column

Characteristic strength/stiffness properties GL28h



b 300 mm fm,k 28 N/mm2

h 550 mm ft,0,k 19,5 N/mm2

A 165000 mm2
fc,0,k 26,5 N/mm2

Wy 1,51E+07 mm3
fv,k 3,2 N/mm2

Wz 8,25E+06 mm3
E0,k 10200 N/mm2

Iy 4,16E+09 mm4
E0,mean 12600 N/mm2

Iz 1,24E+09 mm4
E90,mean 420 N/mm2

span l 7200 mm Gmean 720 N/mm2

Nt 438,22 kN My 45,75 kNm

Nc 395,40 kN Mz 4,66 kNm

Vz 92,58 kN

kmod 0,8 ‐ fm,d 18,08 N/mm2

kh 1,01 ‐ ft,0,d 19,33 N/mm2

γM 1,25 ‐ fc,0,d 16,96 N/mm2

fv,d 2,05 N/mm2

σt,0,d 2,66 N/mm2 σc,0,d 2,40 N/mm2

Unity check (3.28) 0,137 Unity check (3.22) 0,141

σm,y,d 3,02 N/mm2
Unity check (3.23) 0,189

σm,z,d 0,56 N/mm2
Unity check (3.24) 0,148

km 0,7 ‐

kcr 0,67 ‐ τd 1,26 N/mm2

bef 201,0 mm Unity check (3.25) 0,613

Unity check (3.26) 0,209

Unity check (3.27) 0,168

lef 6480,00 mm λz 83,1

σm,crit (3.30) 200,91 N/mm2 λrel,z (3.27) 1,349

λrel,m (3.29) 0,373 ‐ βc 0,1

kcrit 1 ‐ kz (3.35) 1,462

Unity check (3.31) 0,167 kc,z (3.34) 0,493

Unity check (3.33) 0,314

Nt 551,16 kN My 39,92 kNm

Nc 401,76 kN Mz 47,87 kNm

Vz 64,77 kN

D.2.2. Variant 2: Beam
Eurocode check on the capacity of the beam

Characteristic strength/stiffness properties GL28h

ULS: Compressive stressesULS: Tensile stresses

SCIA results: ULS‐STR‐3

Design strength/stiffness properties

ULS: Bending stresses

ULS: Shear stresses

ULS: Combined bending and axial compression

ULS: Lateral torsional buckling

Section properties

SCIA results: ULS‐STR‐4



kmod 0,8 ‐ fm,d 18,08 N/mm2

kh 1,01 ‐ ft,0,d 19,33 N/mm2

γM 1,25 ‐ fc,0,d 16,96 N/mm2

fv,d 2,05 N/mm2

σt,0,d 3,34 N/mm2 σc,0,d 2,43 N/mm2

Unity check (3.28) 0,173 Unity check (3.22) 0,144

σm,y,d 2,64 N/mm2
Unity check (3.23) 0,371

σm,z,d 5,80 N/mm2
Unity check (3.24) 0,423

km 0,7 ‐

kcr 0,67 ‐ τd 0,88 N/mm2

bef 201,0 mm Unity check (3.25) 0,429

Unity check (3.26) 0,391

Unity check (3.27) 0,444

lef 6480,00 mm λz 83,1

σm,crit (3.30) 200,91 N/mm2 λrel,z (3.27) 1,349

λrel,m (3.29) 0,373 ‐ βc 0,1

kcrit 1 ‐ kz (3.35) 1,462

Unity check (3.31) 0,146 kc,z (3.34) 0,493

Unity check (3.33) 0,312

Design strength/stiffness properties

ULS: Lateral torsional buckling

ULS: Tensile stresses ULS: Compressive stresses

ULS: Bending stresses

ULS: Shear stresses

ULS: Combined bending and axial compression



d 387 mm ft,0,k 13,2 N/mm2

h 3400 mm fc,0,k 18,0 N/mm2

b 1000 mm fv,k 3,2 N/mm2

A 387000 mm2
E0,k 6913,3 N/mm2

k3  0,678 E0,mean 8540,0 N/mm2

Aef  2,62E+05 mm2
E90,mean 4480,0 N/mm2

Build‐up: 7 layers (II‐I‐I‐I‐I‐I‐II) Gmean 617,3 N/mm2

Nt 1100,83 kN τmax 0,6 N/mm2

Nc 1866,46 kN

kmod 0,8 ft,0,d 8,45 N/mm2

γM 1,25 fc,0,d 11,52 N/mm2

fv,d 2,05 N/mm2

σt,0,d 4,20 N/mm2 σc,0,d 7,11 N/mm2

Unity check (3.28) 0,497 Unity check (3.22) 0,617

Unity check (3.25) 0,293

Section properties

D.2.3. Variant 2: Core wall
Eurocode check on the capacity of the core walls

Characteristic strength/stiffness properties CLT

ULS: Shear stresses

ULS: Tensile stresses ULS: Compressive stresses

SCIA results: ULS‐EQU‐2

Design strength/stiffness properties



d 387 mm ft,0,k 13,2 N/mm2

h 3400 mm fc,0,k 18,0 N/mm2

b 1000 mm fv,k 3,2 N/mm2

A 387000 mm2
E0,k 6913,3 N/mm2

k3  0,678 E0,mean 8540,0 N/mm2

Aef  2,62E+05 mm2
E90,mean 4480,0 N/mm2

Build‐up: 7 layers (II‐I‐I‐I‐I‐I‐II) Gmean 617,3 N/mm2

Nt 1780,62 kN τmax 0,3 N/mm2

Nc 2674,28 kN

kmod 0,8 ft,0,d 8,45 N/mm2

γM 1,25 fc,0,d 11,52 N/mm2

fv,d 2,05 N/mm2

σt,0,d 6,79 N/mm2 σc,0,d 10,19 N/mm2

Unity check (3.22) 0,803 Unity check (3.22) 0,885

Unity check (3.25) 0,146

Section properties

D.2.4. Variant 2: Internal stability wall
Eurocode check on the capacity of the added internal stability walls

Characteristic strength/stiffness properties CLT

ULS: Shear stresses

ULS: Tensile stresses ULS: Compressive stresses

SCIA results: ULS‐EQU‐2

Design strength/stiffness properties



b 330 mm fm,k 28 N/mm2

h 550 mm ft,0,k 19,5 N/mm2

A 181500 mm2
fc,0,k 26,5 N/mm2

Wy 1,66E+07 mm3
fv,k 3,2 N/mm2

Wz 9,98E+06 mm3
E0,k 10200 N/mm2

Iy 4,58E+09 mm4
E0,mean 12600 N/mm2

Iz 1,65E+09 mm4
E90,mean 420 N/mm2

span l 7200 mm Gmean 720 N/mm2

Nt 265,75 kN My 42,24 kNm

Nc 159,44 kN Mz 2,04 kNm

Vz 84,51 kN

kmod 0,65 ‐ fm,d 14,69 N/mm2

kh 1,01 ‐ ft,0,d 10,23 N/mm2

γM 1,25 ‐ fc,0,d 13,78 N/mm2

fv,d 1,66 N/mm2

σt,0,d 1,46 N/mm2 σc,0,d 0,88 N/mm2

Unity check (3.28) 0,143 Unity check (3.22) 0,064

σm,y,d 2,54 N/mm2
Unity check (3.23) 0,183

σm,z,d 0,20 N/mm2
Unity check (3.24) 0,135

km 0,7 ‐

kcr 0,67 ‐ τd 1,04 N/mm2

bef 221,1 mm Unity check (3.25) 0,626

Unity check (3.26) 0,187

Unity check (3.27) 0,139

lef 6480,00 mm λz 75,6

σm,crit (3.30) 243,10 N/mm2 λrel,z (3.27) 1,226

λrel,m (3.29) 0,339 ‐ βc 0,1

kcrit 1 ‐ kz (3.35) 1,298

Unity check (3.31) 0,173 kc,z (3.34) 0,580

Unity check (3.33) 0,140

Nt 176,49 kN My 27,5 kNm

Nc 194,52 kN Mz 14,27 kNm

Vz 56,21 kN

ULS: Lateral torsional buckling

SCIA results: ULS‐STR‐4

ULS: Bending stresses

SCIA results: ULS‐STR‐3

Design strength/stiffness properties

ULS: Shear stresses

ULS: Combined bending and axial compression

Section properties

D.3.1. Variant 3: Beam
Eurocode check on the capacity of the beam

Characteristic strength/stiffness properties GL28h

ULS: Compressive stressesULS: Tensile stresses



kmod 0,8 ‐ fm,d 18,08 N/mm2

kh 1,01 ‐ ft,0,d 12,59 N/mm2

γM 1,25 ‐ fc,0,d 16,96 N/mm2

fv,d 2,05 N/mm2

σt,0,d 0,97 N/mm2 σc,0,d 1,07 N/mm2

Unity check (3.28) 0,077 Unity check (3.22) 0,063

σm,y,d 1,65 N/mm2
Unity check (3.23) 0,147

σm,z,d 1,43 N/mm2
Unity check (3.24) 0,143

km 0,7 ‐

kcr 0,67 ‐ τd 0,69 N/mm2

bef 221,1 mm Unity check (3.25) 0,339

Unity check (3.26) 0,151

Unity check (3.27) 0,147

lef 6480,00 mm λz 75,6

σm,crit (3.30) 243,10 N/mm2 λrel,z (3.27) 1,226

λrel,m (3.29) 0,339 ‐ βc 0,1

kcrit 1 ‐ kz (3.35) 1,298

Unity check (3.31) 0,09 kc,z (3.34) 0,580

Unity check (3.33) 0,117

Design strength/stiffness properties

ULS: Lateral torsional buckling

ULS: Tensile stresses ULS: Compressive stresses

ULS: Bending stresses

ULS: Shear stresses

ULS: Combined bending and axial compression



d 387 mm ft,0,k 13,2 N/mm2

h 3400 mm fc,0,k 18,0 N/mm2

b 1000 mm fv,k 3,2 N/mm2

A 387000 mm2
E0,k 6913,3 N/mm2

k3  0,678 E0,mean 8540,0 N/mm2

Aef  2,62E+05 mm2
E90,mean 4480,0 N/mm2

Build‐up: 7 layers (II‐I‐I‐I‐I‐I‐II) Gmean 617,3 N/mm2

Nt 1044,06 kN/m τmax 1,1 N/mm2

Nc 1917,55 kN/m

kmod 0,8 ft,0,d 8,45 N/mm2

γM 1,25 fc,0,d 11,52 N/mm2

fv,d 2,05 N/mm2

σt,0,d 3,98 N/mm2 σc,0,d 7,31 N/mm2

Unity check (3.22) 0,471 Unity check (3.22) 0,634

Unity check (3.25) 0,537

Section properties

D.3.2. Variant 3: Core wall
Eurocode check on the capacity of the core walls

Characteristic strength/stiffness properties CLT

ULS: Shear stresses

ULS: Tensile stresses ULS: Compressive stresses

SCIA results: ULS‐EQU‐2

Design strength/stiffness properties



d 387 mm ft,0,k 13,2 N/mm2

h 3400 mm fc,0,k 18,0 N/mm2

b 1000 mm fv,k 3,2 N/mm2

A 387000 mm2
E0,k 6913,3 N/mm2

k3  0,678 E0,mean 8540,0 N/mm2

Aef  2,62E+05 mm2
E90,mean 4480,0 N/mm2

Build‐up: 7 layers (II‐I‐I‐I‐I‐I‐II) Gmean 617,3 N/mm2

Nt 564,79 kN/m τmax 0,8 N/mm2

Nc 1880,28 kN/m

kmod 0,8 ft,0,d 8,45 N/mm2

γM 1,25 fc,0,d 11,52 N/mm2

fv,d 2,05 N/mm2

σt,0,d 2,15 N/mm2 σc,0,d 7,17 N/mm2

Unity check (3.22) 0,255 Unity check (3.22) 0,622

Unity check (3.25) 0,391

Section properties

D.3.3. Variant 3: External stability wall
Eurocode check on the capacity of the added external stability walls

Characteristic strength/stiffness properties CLT

ULS: Shear stresses

SCIA results: ULS‐EQU‐2

Design strength/stiffness properties

ULS: Compressive stressesULS: Tensile stresses



b 650 mm fm,k 28 N/mm2

h 650 mm ft,0,k 19,5 N/mm2

A 422500 mm2
fc,0,k 26,5 N/mm2

Wy 4,58E+07 mm3
fv,k 3,2 N/mm2

Wz 4,58E+07 mm3
E0,k 10200 N/mm2

Iy 1,49E+10 mm4
E0,mean 12600 N/mm2

Iz 1,49E+10 mm4
E90,mean 420 N/mm2

span l 3300 mm Gmean 720 N/mm2

Nc 3458,53 kN My 44,81 kNm

Vz 35,05 kN Mz 70,11 kNm

kmod 0,8 fm,d 17,78 N/mm2

kh 0,99 ft,0,d 12,38 N/mm2

γM 1,25 fc,0,d 16,96 N/mm2

fv,d 2,05 N/mm2

σc,0,d 8,19 N/mm2

Unity check (3.22) 0,483

σm,y,d 0,98 N/mm2
Unity check (3.23) 0,115

σm,z,d 1,53 N/mm2
Unity check (3.24) 0,125

km 0,7

kcr 0,67 τd 0,19 N/mm2

bef 435,5 mm Unity check (3.25) 0,091

Unity check (3.26) 0,348

Unity check (3.27) 0,358

i 187,64

λ 17,6

λrel (3.27) 0,285 → no addi onal checks are needed

SCIA results: ULS‐EQU‐2

Design strength/stiffness properties

Section properties

D.4.1. Variant 4: Column
Eurocode check on the capacity of the column

Characteristic strength/stiffness properties GL28h

ULS: Shear stresses

ULS: Combined bending and axial compression

ULS: Buckling

ULS: Bending stresses

ULS: Compressive stresses



b 300 mm fm,k 28 N/mm2

h 550 mm ft,0,k 19,5 N/mm2

A 165000 mm2
fc,0,k 26,5 N/mm2

Wy 1,51E+07 mm3
fv,k 3,2 N/mm2

Wz 8,25E+06 mm3
E0,k 10200 N/mm2

Iy 4,16E+09 mm4
E0,mean 12600 N/mm2

Iz 1,24E+09 mm4
E90,mean 420 N/mm2

span l 7200 mm Gmean 720 N/mm2

Nt 356,84 kN My 43,90 kNm

Nc 412,85 kN Mz 4,44 kNm

Vz 96,17 kN

kmod 0,65 ‐ fm,d 14,69 N/mm2

kh 1,01 ‐ ft,0,d 10,23 N/mm2

γM 1,25 ‐ fc,0,d 13,78 N/mm2

fv,d 1,66 N/mm2

σt,0,d 2,16 N/mm2 σc,0,d 2,50 N/mm2

Unity check (3.28) 0,211 Unity check (3.22) 0,182

σm,y,d 2,90 N/mm2
Unity check (3.23) 0,223

σm,z,d 0,54 N/mm2
Unity check (3.24) 0,175

km 0,7 ‐

kcr 0,67 ‐ τd 1,30 N/mm2

bef 201,0 mm Unity check (3.25) 0,784

Unity check (3.26) 0,256

Unity check (3.27) 0,208

lef 6480,00 mm λz 83,1

σm,crit (3.30) 200,91 N/mm2 λrel,z (3.27) 1,349

λrel,m (3.29) 0,373 ‐ βc 0,1

kcrit 1 ‐ kz (3.35) 1,462

Unity check (3.31) 0,198 kc,z (3.34) 0,493

Unity check (3.33) 0,407

Nt 270,07 kN My 30,12 kNm

Nc 411,91 kN Mz 56,64 kNm

Vz 67,10 kN

ULS: Lateral torsional buckling

SCIA results: ULS‐STR‐4

ULS: Bending stresses

SCIA results: ULS‐STR‐3

Design strength/stiffness properties

ULS: Shear stresses

ULS: Combined bending and axial compression

Section properties

D.4.2. Variant 4: Beam
Eurocode check on the capacity of the beam

Characteristic strength/stiffness properties GL28h

ULS: Compressive stressesULS: Tensile stresses



kmod 0,8 ‐ fm,d 18,08 N/mm2

kh 1,01 ‐ ft,0,d 12,59 N/mm2

γM 1,25 ‐ fc,0,d 16,96 N/mm2

fv,d 2,05 N/mm2

σt,0,d 1,64 N/mm2 σc,0,d 2,50 N/mm2

Unity check (3.28) 0,130 Unity check (3.22) 0,147

σm,y,d 1,99 N/mm2
Unity check (3.23) 0,376

σm,z,d 6,87 N/mm2
Unity check (3.24) 0,457

km 0,7 ‐

kcr 0,67 ‐ τd 0,91 N/mm2

bef 201,0 mm Unity check (3.25) 0,445

Unity check (3.26) 0,398

Unity check (3.27) 0,479

lef 6480,00 mm λz 83,1

σm,crit (3.30) 200,91 N/mm2 λrel,z (3.27) 1,349

λrel,m (3.29) 0,373 ‐ βc 0,1

kcrit 1 ‐ kz (3.35) 1,462

Unity check (3.31) 0,110 kc,z (3.34) 0,493

Unity check (3.33) 0,310

Design strength/stiffness properties

ULS: Lateral torsional buckling

ULS: Tensile stresses ULS: Compressive stresses

ULS: Bending stresses

ULS: Shear stresses

ULS: Combined bending and axial compression



d 387 mm ft,0,k 13,2 N/mm2

h 3400 mm fc,0,k 18,0 N/mm2

b 1000 mm fv,k 3,2 N/mm2

A 387000 mm2
E0,k 6913,3 N/mm2

k3  0,571 E0,mean 8540,0 N/mm2

Aef  2,21E+05 mm2
E90,mean 4480,0 N/mm2

Build‐up: 86‐43‐43‐43‐43‐43‐86 Gmean 617,3 N/mm2

Nt 1146,9 kN/m τmax 1,3 N/mm2

Nc 2013,93 kN/m

kmod 0,8 ft,0,d 8,45 N/mm2

γM 1,25 fc,0,d 11,52 N/mm2

fv,d 2,05 N/mm2

σt,0,d 5,19 N/mm2 σc,0,d 9,11 N/mm2

Unity check (3.22) 0,614 Unity check (3.22) 0,791

Unity check (3.25) 0,635

Section properties

D.4.3. Variant 4: Core wall
Eurocode check on the capacity of the core walls

Characteristic strength/stiffness properties CLT

ULS: Shear stresses

ULS: Tensile stresses ULS: Compressive stresses

SCIA results: ULS‐EQU‐2

Design strength/stiffness properties



b 300 mm fm,k 28 N/mm2

h 300 mm ft,0,k 19,5 N/mm2

A 90000 mm2
fc,0,k 26,5 N/mm2

Wy 4,50E+06 mm3
fv,k 3,2 N/mm2

Wz 4,50E+06 mm3
E0,k 10200 N/mm2

Iy 6,75E+08 mm4
E0,mean 12600 N/mm2

Iz 6,75E+08 mm4
E90,mean 420 N/mm2

span l 4951,8 mm Gmean 720 N/mm2

Nt 179,65 kN My 0,73 kNm

Nc 246,43 kN Mz 0,00 kNm

Vz 0,59 kN

kmod 0,8 fm,d 19,21 N/mm2

kh 1,07 ft,0,d 13,38 N/mm2

γM 1,25 fc,0,d 16,96 N/mm2

fv,d 2,05 N/mm2

σc,0,d 2,00 N/mm2 σc,0,d 2,74 N/mm2

Unity check (3.22) 0,149 Unity check (3.22) 0,161

Nt 26,47 kN My 1,09 kNm

Nc 82,44 kN Mz 0 kNm

Vz 0,88 kN

kmod 0,5 fm,d 12,00 N/mm2

kh 1,07 ft,0,d 8,36 N/mm2

γM 1,25 fc,0,d 10,60 N/mm2

fv,d 1,28 N/mm2

σc,0,d 0,29 N/mm2 σc,0,d 0,92 N/mm2

Unity check (3.22) 0,035 Unity check (3.22) 0,086

σm,y,d 0,24 N/mm2
Unity check (3.23) 0,020

σm,z,d 0,00 N/mm2
Unity check (3.24) 0,014

km 0,7

kcr 0,67 τd 0,02 N/mm2

bef 201,0 mm Unity check (3.25) 0,017

SCIA results: ULS‐STR‐1

Design strength/stiffness properties

ULS: Tensile stresses ULS: Compressive stresses

ULS: Bending stresses

D.4.4. Variant 4: Diagonal
Eurocode check on the capacity of the diagonals

Characteristic strength/stiffness properties GL28h

ULS: Shear stresses

ULS: Tensile stresses ULS: Compressive stresses

SCIA results: ULS‐EQU‐2

Design strength/stiffness properties

Section properties



Unity check (3.26) 0,028

Unity check (3.27) 0,022

i 86,60 k (3.35) 0,962

λ 57,2 kc (3.34) 0,823

λrel (3.27) 0,928 Unity check (3.36) 0,125

β_c 0,1 Unity check (3.37) 0,119

Nt 175,13 kN My 0,97 kNm

Nc 250,78 kN Mz 0 kNm

Vz 0,78 kN

kmod 0,8 fm,d 19,21 N/mm2

kh 1,07 ft,0,d 13,38 N/mm2

γM 1,25 fc,0,d 16,96 N/mm2

fv,d 2,05 N/mm2

σc,0,d 1,95 N/mm2 σc,0,d 2,79 N/mm2

Unity check (3.22) 0,145 Unity check (3.22) 0,164

σm,y,d 0,22 N/mm2
Unity check (3.23) 0,011

σm,z,d 0,00 N/mm2
Unity check (3.24) 0,008

km 0,7

kcr 0,67 τd 0,02 N/mm2

bef 201,0 mm Unity check (3.25) 0,009

Unity check (3.26) 0,038

Unity check (3.27) 0,035

i 86,60 k (3.35) 0,962

λ 57,2 kc (3.34) 0,823

λrel (3.27) 0,928 Unity check (3.36) 0,211

β_c 0,1 Unity check (3.37) 0,207

ULS: Buckling

ULS: Combined bending and axial compression

ULS: Shear stresses

ULS: Combined bending and axial compression

ULS: Buckling

SCIA results: ULS‐STR‐4

Design strength/stiffness properties

ULS: Tensile stresses ULS: Compressive stresses

ULS: Bending stresses
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Blad 1  

De hierna afgedrukte constructie berekening is alleen geldig voor de in de berekening opgenomen gegevens.

De werkelijke lengte van een staaf kan afwijken van de in de berekening opgenomen staaflengte.

Finnwood 2.4 NL Public (2.4.076)

Nederland Public (02.09.2016)

 

PROJECTINFORMATIE

------------------------------------

Ingenieursbureau   

------------------------------------

------------------------------------

C:\Users\s102439\Documents\The Uni\Graduation Project\Graduation Report\old floor new finnwood.s01

GEOMETRIE GEGEVENS

------------------------------------

Soort constructie Vloerconstructie

Profiel KRT-2400x25-5x51x400 (m) 

Klimaatklasse 1

Risico klasse CC2 (KFI=1.0)

h.o.h. afstand 585 mm (voor vlaklasten)

------------------------------------

Lengte overstekken

Lengte overstek Horizontaal [mm]:

Overspanning 1 7200.0

Totaal 7200.0

------------------------------------

Opleggingen Plaats x [mm] Lengte [mm] Type

1: 0 90 Vaste oplegging (X,Z) 

2: 7200 90 Roloplegging (Z)  

------------------------------------

Onderdelen vloerelement

Boven plaat 2400x25 0.025 m3/m2 KERTO-Q (27-69)

Ribben 5x51x400 0.042 m3/m2 KERTO-S

Berekend lijf Lijf 2 (= 51.0x400.0)

Totaal gewicht 38 kg/m2 (inclusief platen, ribben en dwars liggende onderdelen)
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Blad 2  

------------------------------------

Effectieve buigstijfheid

Overstek/Overspanning EI,eff,ULS: EI,eff,SLS:

Overspanning 1 8247.2 kNm2 8247.2 kNm2

------------------------------------

 Boven plaat Rib

fm,k (My) 36.00 N/mm² 42.51 N/mm²

fc,0,k 26.00 N/mm² 35.00 N/mm²

fc,90,k 2.20 N/mm² 6.00 N/mm²

ft,0,k 24.67 N/mm² 33.21 N/mm²

fv,k (Vz) 2.30 N/mm² 4.10 N/mm²

E 10500 N/mm² 13800 N/mm²

G 120 N/mm² 600 N/mm²

E0.05 8800 N/mm² 11600 N/mm²

f_v,k (rolschuifspanning) 1.30 N/mm² 4.10 N/mm²

------------------------------------

Belasting factoren

Boven plaat 1.20

Rib 1.20

------------------------------------

Factoren k_mod

Belastingduurklasse Boven plaat Rib

Permanent: 0.600 0.600

Lange duur: 0.700 0.700

Middellange duur: 0.800 0.800

Korte duur: 0.900 0.900

Zeer korte duur: 1.100 1.100

------------------------------------

  Boven plaat Rib

Factor k_def 0.600 0.600
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Blad 3  

GEGEVENS BELASTINGEN

------------------------------------

Permanente belasting (Permanent,  Permanent):

Eigen gewicht: QZ = 0.179 kN/m x = 0 - 7200 mm

Vlaklast 1: QZ = 0.104 kN/m2 x = 0 - 7200 mm

------------------------------------

Perm. scheidingswanden (Scheidingswanden,  Permanent):

Vlaklast 1: QZ = 0.500 kN/m2 x = 0 - 7200 mm

------------------------------------

Gebruiksbelasting (Klasse B (kantoren),  Middellange duur, ULS/SLS variabel = 100.0 %):

Vlaklast 1: QZ = 2.500 kN/m2 x = 0 - 7200 mm

BELASTINGCOMBINATIES

------------------------------------

Combinatie 1 (ULS, Permanent)

1.00*1.35*Permanente belasting + 1.00*1.35*Perm. scheidingswanden

------------------------------------

Combinatie 2 (ULS, Middellange duur)

1.00*1.35*Permanente belasting + 1.00*1.35*Perm. scheidingswanden + 1.00*1.50*0.50*Gebruiksbelasting

------------------------------------

Combinatie 3 (ULS, Middellange duur)

1.00*1.20*Permanente belasting + 1.00*1.20*Perm. scheidingswanden + 1.00*1.50*Gebruiksbelasting

------------------------------------

Combinatie 4 (ULS, Permanent)
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Blad 4  

0.90*Permanente belasting + 0.90*Perm. scheidingswanden

------------------------------------

Combinatie 5 (ULS, Middellange duur)

0.90*Permanente belasting + 0.90*Perm. scheidingswanden + 1.00*1.50*Gebruiksbelasting

------------------------------------

Combinatie 6 (ULS, Permanent)

1.00*1.20*Permanente belasting + 1.00*1.20*Perm. scheidingswanden

------------------------------------

Combinatie 10 (vervorming, karakteristiek)

1.00*Permanente belasting + 1.00*Perm. scheidingswanden

------------------------------------

Combinatie 11 (vervorming, karakteristiek)

1.00*Permanente belasting + 1.00*Perm. scheidingswanden + 1.00*Gebruiksbelasting

------------------------------------

Combinatie 14 (vervorming, quasi-permanent)

1.00*Permanente belasting + 1.00*Perm. scheidingswanden

------------------------------------

Combinatie 15 (vervorming, quasi-permanent)

1.00*Permanente belasting + 1.00*Perm. scheidingswanden + 1.00*0.30*Gebruiksbelasting

------------------------------------

Combinatie 16 (vervorming, frequent)

1.00*Permanente belasting + 1.00*Perm. scheidingswanden

------------------------------------

Combinatie 17 (vervorming, frequent)

1.00*Permanente belasting + 1.00*Perm. scheidingswanden + 1.00*0.50*Gebruiksbelasting

RESULTATEN BEREKENING

------------------------------------

Norm/Voorschrift NEN EN 1995-1-1:2004 (NL) + A1:2008 + NB

Max. U.C. 75.1 %

------------------------------------

GEOMETRIE GEGEVENS

Grenswaarde Uz_eind  L/250 (frequent)

Grenswaarde Uz_bijk  L/333 (karakteristiek)

Grenswaarde Uz_tot  L/250 (karakteristiek)

Factor overstek links 1.00

Factor overstek rechts 1.00

Kniksteun in beide richtingen

Kip verhinderd

------------------------------------

UITGANGSPUNTEN BEREKENING TRILLING

Totale breedte vloer [m]                                             7.2 m

Maximum toegestane trillingsstijfheid [mm¹/kN]      1.0 mm¹/kN

Minimum toegestane eigenfrequentie [Hz]                 8.0 Hz

Plaats rib                                                                  Tussen rib 

Soort oplegging                                                     Aan 2 zijden gesteund 
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Blad 5  

Rijen met klossen                                                   Geen rijen met klossen 

Dempingsmaat                                                       0.06 

Massa voor berekening eigenfrequentie                     91 kg/m²

Transversale stijfheid van de vloerconstructie         2604 Nm²/m¹

OPM.: Bij de berekening is er vanuit gegaan dat naast elkaar gesitueerde Kerto-Ripa T elementen

          aan elkaar gekoppeld zijn t.p.v. de boven- en onderzijde.

------------------------------------

EXTREME BEREKENINGSRESULTATEN

Controle Optredend Toegestaan Werkingsgraad Plaats x

V, lijmnaad boven 0.31 N/mm² 0.87 N/mm² 35.2 % 7200 mm Comb. 3/1, Middellange duur

V, ligger (rib), afschuiving 0.64 N/mm² 2.73 N/mm² 23.6 % 7200 mm Comb. 3/1, Middellange duur

M, boven plaat, druk 3.21 N/mm² 17.33 N/mm² 18.5 % 3600 mm Comb. 3/1, Middellange duur

M, ligger (rib), buiging 8.44 N/mm² 28.34 N/mm² 29.8 % 3600 mm Comb. 3/1, Middellange duur

M, ligger (rib), trek 2.30 N/mm² 22.14 N/mm² 10.4 % 3600 mm Comb. 3/1, Middellange duur

Steunpunt 1: 10.19 kN 24.48 kN 41.6 % 0 mm Comb. 3/1, Middellange duur

Steunpunt 2: 10.19 kN 24.48 kN 41.6 % 7200 mm Comb. 3/1, Middellange duur

Overspan. 1, Uz_tot 12.6 mm 28.8 mm 43.6 % 3600 mm Comb. 11/1 (karakteristiek)

Overspan. 1, Uz_bijk 10.0 mm 21.6 mm 46.1 % 3600 mm Comb. 11/1 (karakteristiek)

Overspan. 1, Uz_eind 8.4 mm 28.8 mm 29.0 % 3600 mm Comb. 17/1 (frequent)

Doorbuiging w 0.75 mm 1.00 mm 75.1% (Controle trilling)

Frequentie f1 11.93 Hz 8.00 Hz 67.1% (Controle trilling)

Snelheid v 0.0078 m/(Ns2) 0.2564 m/(Ns2) 3.0% (Controle trilling)

t = top (bovenzijde), t fl. = top flange (bovenste flens), m = mean (gemiddeld)

------------------------------------

EXTREME WAARDEN COMBINATIES

Combinatie 3/1  (Middellange duur):

1.20*Permanente belasting + 1.20*Perm. scheidingswanden + 1.50*Gebruiksbelasting

Combinatie 11/1  (karakteristiek):

1.00*Permanente belasting + 1.00*Perm. scheidingswanden + 1.00*Gebruiksbelasting

Combinatie 17/1  (frequent):

1.00*Permanente belasting + 1.00*Perm. scheidingswanden + 0.50*Gebruiksbelasting

------------------------------------

EXTREME KRACHTEN

Resultaat Max. waarde Plaats x

Vz,max 10.19 kN 7200 mm

My,max 18.34 kNm 3600 mm

STEUNPUNTREACTIES

------------------------------------

Steunpunt max. (bezwijken) min. (bezwijken) Drukspanning

1: 10.19 kN 1.72 kN 2.22 N/mm²

2: 10.19 kN 1.72 kN 2.22 N/mm²

 

Min/Max steunpuntreacties voor verschillende belastingduurklassen (globale richtingen) 

------------------------------------

Belastingduurklasse: Permanent
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Blad 6  

Steunpunt RZ [kN]:  

1: 1.72/2.58  

2: 1.72/2.58  

------------------------------------

Belastingduurklasse: Middellange duur

Steunpunt RZ [kN]:  

1: 6.53/10.19  

2: 6.53/10.19  

 

STEUNPUNTREACTIES BELASTINGGEVALLEN (KARAKTERISTIEK)

------------------------------------

Belastinggeval Permanente belasting

Steunpunt RZ [kN]:  

1: 0.86  

2: 0.86  

------------------------------------

Belastinggeval Perm. scheidingswanden

Steunpunt RZ [kN]:  

1: 1.05  

2: 1.05  

------------------------------------

Belastinggeval Gebruiksbelasting

Steunpunt RZ [kN]:  

1: 5.26  

2: 5.26  

OPMERKINGEN:

------------------------------------

- De berekening is gemaakt met EN-1995-1-1, A1:2008 en A2:2014 incl. aanvullingen en Nationale Bijlagen NB/2013.

- ULS = Bezwijkfase, SLS = Gebruiksfase

- Het percentage van de werkingsgraad (U.C.) van de gecombineerde belastingen heeft betrekking op de ontwerpsterkte 

  en stijfheid en geeft niet de actuele waarde.

- De oplegdruk van het materiaal van onder de oplegging moet separaat (handmatig) gecontroleerd worden.

- Bij de berekeningen wordt géén rekening gehouden met het opbuigen van een overstek van minder dan 10 mm.

- De doorbuiging van overstekken kleiner dan 200 mm wordt niet gecontroleerd.

- Er is géén rekening gehouden met het 2e orde effect!

- Er is rekening gehouden met dwarskrachtvervorming bij de berekening van de doorbuiging

- Er is rekening gehouden met dwarskrachtvervorming voor de berekening van de krachtsverdeling

- De dwarskracht is gereduceerd t.p.v. de tussensteunpunten van de Kerto-Ripa elementen en er is 

  verondersteld dat de belastingen aangrijpen op de tegenovergestelde zijde van de balk van de oplegging.

- De dwarskrachtenlijn is gereduceerd voor de betreffende belastingscombinaties over een afstand

  van 0.9 x H vanaf het hart van de oplegging. De parameter H is de hoogte van de ribben van het Kerto-Ripa element.

- De berekening van het Kert-Ripa element is gemaakt volgens ETA-07/0029 incl. de bijlage 

  "Design Instructions of Kerto-Ripa® Elements".

- Er is rekening gehouden met het effect van de volume factoren k_h en k_l op de sterkte, 

  welke verrekend zijn met de karakteristieke sterktewaarden
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- De berekening heeft alléén betrekking op de gekozen ribdoorsnede, andere ribben moeten separaat worden berekend.

- Bij Kerto-Ripa T elementen die over een oplegging doorlopen dient de gedrukte zijde zijlings gesteund te zijn.

- Een Kerto-Ripa element met een axiale drukkracht dient apart gecontroleerd te worden op knik uit het vlak.

- De buigsterkte, schuifsterkte en doorbuiging van de bovenplaat in dwarsrichting is niet gecontroleerd 

  door het programma, deze controle moet handmatig worden uitgevoerd met de waarden loodrecht op de vezelrichting.

- Een Kerto-Ripa element heeft doorlopende eindschotten of tussenschotten aan beide uiteinden van het element, 

  alsook ter plaatse van tussensteunpunten.

- Een Kerto-Ripa element heeft tussenschotten nodig ter plaatse van de hijspunten en daar waar 

  een zijlingse steun nodig is.

- Aangenomen wordt dat het eigen gewicht van de kopschotten en tussenschoten bij elkaar 10% is van het totale gewicht 

  van de bovenplaat, ribben en eventuele onderplaat.

- Voor Kerto-Ripa elementen met een ribbreedte van 39 mm is een aangepaste productiemethode vereist om er zeker van te 

  zijn dat de nagels voldoende in de ribben gefixeerd zijn

- De buigsterkte, schuifsterkte en doorbuiging van de bovenplaat in dwarsrichting is niet gecontroleerd. 

  Deze dienen apart gecontroleerd te worden met de waarden loodrecht op de vezelrichting.

- In de bovenstaande berekening is géén rekening gehouden met variatie in de belastingen, 

  vochtgehalte en temperatuur tijdens de bouw.

- De noodzaak voor tijdelijke en permanente schoren moet apart worden gecontroleerd.

- De stabiliteit van het gebouw en horizontale belastingen zijn niet opgenomen in de berekening.

- De ontwerper van het gebouw, de (hoofd)constructeur of willekeurig ander persoon verantwoordelijk voor  

  de constructie (van  het gehele gebouw), moet nagaan of de berekende staaf toegepast kan worden in het gebouw.

  De berekeningen en afdrukken, gemaakt met  het Finnwood programma, zijn alleen geldig voor de producten 

  van Metsäliitto Cooperative, Metsä Wood die opgenomen zijn in het programma. Indien noodzakelijk moet 

  op de bouwplaats worden gecontroleerd of deze producten zijn toegepast. Metsäliitto Cooperative, 

  Metsä Wood en zijn dochterbedrijven hebben geen verantwoordelijkheid en/of aansprakelijkheid voor producten 

  van andere producenten of de toepassing van dergelijke producten in het programma, evenals alle directe of 

  indirecte schade en claims die ontstaan door het toepassen van producten van andere producenten.

  Het verwijderen van de bovenstaande mededelingen uit de uitvoer van het programma is niet toegestaan.

  Verder zijn alle voorwaarden van toepassing die vermeld staan in de licentieovereenkomst die gebruiker 

  van de Finnwood rekensoftware heeft geaccepteerd bij installatie en bij elke opstart van het programma. 



 

Annex E: Fire Safety Design Calculations 
 

E.1.1.  Fire design optimal variant: Column 

E.1.2.  Fire design optimal variant: Beam 

E.1.3.  Fire design optimal variant: Core wall 

E.1.4.  Fire design optimal variant: Internal stability wall 

 

  



b 650 mm fm,k 28 N/mm2

h 650 mm ft,0,k 19,5 N/mm2

span l 3400 mm fc,0,k 26,5 N/mm2

βn 0,7 mm/min E0,k 10200 N/mm2

d0 7,0 ‐ E0,mean 12600 N/mm2

E90,mean 420 N/mm2

Gmean 720 N/mm2

kmod,fi 1 ‐ fm,fi 32,20 N/mm2

kfi 1,15 ‐ ft,0,fi 22,43 N/mm2

γM,fi 1 ‐ fc,0,fi 30,48 N/mm2

E0,fi 11730 N/mm2

t 120 min Aef 219024 mm2

dchar,n (4.3) 84,0 mm Wy,ef 1,71E+07 mm3

k0 1,0 mm Wz,ef 1,71E+07 mm3

def (4.2) 91,0 mm Iy,ef 4,00E+09 mm4

bef 468,0 mm Iz,ef 4,00E+09 mm4

hef 468,0 mm

Nt 0 kN My 44,61 kNm

Nc 2024,95 kN Mz 44,70 kNm

σc,0,d 9,25 N/mm2

Unity check (3.22) 0,30

σm,y,d 2,61 N/mm2
Unity check (3.23) 0,138

σm,z,d 2,62 N/mm2
Unity check (3.24) 0,138

km 0,7 ‐

Unity check (3.26) 0,230

Unity check (3.27) 0,230

i 0,12 kz (3.35) 0,589

λ 25,2 kc,z (3.34) 0,987

λrel (3.27) 0,408 Unity check (4.6) 0,445

βc 0,1 Unity check (4.7) 0,445

Nt 0 kN My 48,91 kNm

Nc 1899,13 kN Mz 44,78 kNm

E.1.1. Fire design optimal variant: Column
Eurocode check on the capacity of the column during a fire

Characteristic strength/stiffness properties GL28h

ULS: Compressive stresses

Design strength/stiffness properties

Reduced section properties

ULS: Bending stresses

SCIA results: ULS‐FIRE‐3

ULS: Combined bending and axial compression

ULS: Buckling

Section properties

SCIA results: ULS‐FIRE‐4



σc,0,d 8,67 N/mm2

Unity check (3.22) 0,28

σm,y,d 2,86 N/mm2
Unity check (3.23) 0,146

σm,z,d 2,62 N/mm2
Unity check (3.24) 0,144

km 0,7 ‐

Unity check (3.26) 0,227

Unity check (3.27) 0,225

i 0,12 kz (3.35) 0,589

λ 25,2 kc,z (3.34) 0,987

λrel (3.27) 0,408 Unity check (3.36) 0,434

βc 0,1 Unity check (3.37) 0,432

ULS: Compressive stresses

ULS: Bending stresses

ULS: Combined bending and axial compression

ULS: Buckling



b 300 mm fm,k 28 N/mm2

h 550 mm ft,0,k 19,5 N/mm2

span l 7200 mm fc,0,k 26,5 N/mm2

βn 0,7 mm/min E0,k 10200 N/mm2

d0 7,0 ‐ E0,mean 12600 N/mm2

E90,mean 420 N/mm2

Gmean 720 N/mm2

kmod,fi 1 ‐ fm,fi 32,20 N/mm2

kfi 1,15 ‐ ft,0,fi 22,43 N/mm2

γM,fi 1 ‐ fc,0,fi 30,48 N/mm2

E0,fi 11730 N/mm2

t 120 min Aef 137700 mm2

dchar,n 84,0 mm Wy,ef 1,05E+07 mm3

k0 1,0 mm Wz,ef 6,89E+06 mm3

def 91,0 mm Iy,ef 2,42E+09 mm4

bef 300,0 mm Iz,ef 1,03E+09 mm4

hef 459,0 mm

Nt 190,22 kN My 26,3 kNm

Nc 245,63 kN Mz 7,22 kNm

σt,0,d 1,38 N/mm2 σc,0,d 1,78 N/mm2

Unity check (3.28) 0,062 Unity check (3.22) 0,06

σm,y,d 2,50 N/mm2
Unity check (3.23) 0,100

σm,z,d 1,05 N/mm2
Unity check (3.24) 0,087

km 0,7 ‐

Unity check (3.26) 0,104

Unity check (3.27) 0,090

lef 6480,00 mm λz 83,1

σm,crit (3.30) 240,74 N/mm2 λrel,z (3.27) 1,349

λrel,m (3.29) 0,366 ‐ βc 0,1

kcrit 1,000 ‐ kz (3.35) 1,462

Unity check (3.31) 0,078 kc,z (3.34) 0,493

Unity check (3.33) 0,125

E.1.2. Fire design optimal variant: Beam
Eurocode check on the capacity of the beam during a fire

Characteristic strength/stiffness properties GL28h

ULS: Compressive stressesULS: Tensile stresses

Design strength/stiffness properties

Reduced section properties

ULS: Bending stresses

SCIA results: ULS‐FIRE‐1

ULS: Combined bending and axial compression

ULS: Lateral torsional buckling

Section properties



Nt 179,28 kN My 24,39 kNm

Nc 211,28 kN Mz 7,22 kNm

σt,0,d 1,30 N/mm2 σc,0,d 1,53 N/mm2

Unity check (3.28) 0,058 Unity check (3.22) 0,05

σm,y,d 2,32 N/mm2
Unity check (3.23) 0,095

σm,z,d 1,05 N/mm2
Unity check (3.24) 0,083

km 0,7 ‐

Unity check (3.26) 0,097

Unity check (3.27) 0,085

lef 6480,00 mm λz 83,1

σm,crit (3.30) 240,74 N/mm2 λrel,z (3.27) 1,349

λrel,m (3.29) 0,366 ‐ βc 0,1

kcrit 1,000 ‐ kz (3.35) 1,462

Unity check (3.31) 0,072 kc,z (3.34) 0,493

Unity check (3.33) 0,107

ULS: Lateral torsional buckling

SCIA results: ULS‐FIRE‐2

ULS: Tensile stresses ULS: Compressive stresses

ULS: Bending stresses

ULS: Combined bending and axial compression



d 387 mm ft,0,k 13,2 N/mm2

h 3400 mm fc,0,k 18,0 N/mm2

b 1000 mm E0,k 6913,3 N/mm2

k3  0,678 E0,mean 8540,0 N/mm2

Build‐up: 86‐43‐43‐43‐43‐43‐86 E90,mean 4480,0 N/mm2

βn 0,76 mm/min Gmean 617,3 N/mm2

d0 7,0 ‐

kmod,fi 1 ‐ ft,0,fi 15,18 N/mm2

kfi 1,15 ‐ fc,0,fi 20,70 N/mm2

γM,fi 1 ‐ E0,fi 7950 N/mm2

t 120 min def 288,8 mm

dchar,n (4.3) 91,2 mm d0,ef 172,0 mm

k0 1,0 mm Aef 172000 mm2

def,charred (4.2) 98,2 mm

Nt 96,99 kN

Nc 612,80 kN

σt,0,d 0,56 N/mm2 σc,0,d 3,56 N/mm2

Unity check (3.28) 0,04 Unity check (3.22) 0,17

SCIA results: ULS‐FIRE‐4

ULS: Compressive stresses

Section properties

E.1.3. Fire design optimal variant: Core wall
Eurocode check on the capacity of the core walls during a fire

Characteristic strength/stiffness properties CLT

ULS: Compressive stresses

Design strength/stiffness properties

Reduced section properties



d 387 mm ft,0,k 13,2 N/mm2

h 3400 mm fc,0,k 18,0 N/mm2

b 1000 mm E0,k 6913,3 N/mm2

k3  0,678 E0,mean 8540,0 N/mm2

Build‐up: 86‐43‐43‐43‐43‐43‐86 E90,mean 4480,0 N/mm2

βn 0,76 mm/min Gmean 617,3 N/mm2

d0 7,0 ‐

kmod,fi 1 ‐ ft,0,fi 15,18 N/mm2

kfi 1,15 ‐ fc,0,fi 20,70 N/mm2

γM,fi 1 ‐ E0,fi 7950 N/mm2

t 120 min bef 190,6 mm

dchar,n (4.3) 91,2 mm b0,ef 86,0 mm

k0 1,0 mm Aef 86000 mm2

def (4.2) 98,2 mm

Nt 43,48 kN

Nc 508,96 kN

σt,0,d 0,51 N/mm2 σc,0,d 5,92 N/mm2

Unity check (3.28) 0,03 Unity check (3.22) 0,29

Nt 42,06 kN

Nc 720,72 kN

σt,0,d 0,49 N/mm2 σc,0,d 8,38 N/mm2

Unity check (3.28) 0,03 Unity check (3.22) 0,40

SCIA results: ULS‐FIRE‐4

ULS: Compressive stresses ULS: Compressive stresses

Section properties

E.1.4. Fire design optimal variant: Internal stability wall
Eurocode check on the capacity of the internal walls during a fire

Characteristic strength/stiffness properties CLT

ULS: Compressive stresses

Design strength/stiffness properties

Reduced section properties

SCIA results: ULS‐FIRE‐3

ULS: Compressive stresses



 

 
 

  



 

Annex F: Connection Design 
 

F.1. Force distribution wall-foundation connection SCIA Engineer 

F.2.  General building authority approval number Z-9.1-770 

F.3.1. Connection design: Wall-foundation connection, Design 1 

F.3.2. Connection design: Wall-foundation connection, Design 2 

F.4. Connection design: Wall-foundation connection, nuts  

F.5. Connection design: Wall-wall connection vertical, shear connector 

F.6.  Connection design: Wall-wall connection horizontal 

  



 

 
 

F.1. Force Distribution Wall-Foundation Connection SCIA Engineer 
 

 
Figure F.1, Minimum force distribution ULS-EQU-2 

 
Figure F.2, Maximum force distribution ULS-EQU-2 
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1 GENERAL PROVISIONS 

1 The usability or applicability of the subject of the approval within the scope of regional building 
regulations is certified by the national technical approval. 

2 Insofar as the requirements in the national technical approval for the particular levels of expertise and 
experience of the persons entrusted with the manufacture of construction products and types of 
construction according to § 17 (5) of the Model Building Regulation (MBO) in compliance with 
regional regulations are established, it should be noted that this expertise and experience may also 
be verified by equivalent proof provided by other Member States of the European Union. This also 
applies in the event of equivalent proof provided as part of agreements via the European Economic 
Area (EEA) or other bilateral agreements. 

3 The national technical approval shall not replace the permits, approvals and certifications legally 
required for the realisation of construction projects. 

4 The national technical approval is issued without prejudice to the rights of third parties, in particular 
private property rights. 

5 Manufacturers and distributors of the subject of the approval must, without prejudice to more extensive 
regulations in the "Special provisions", make copies of the national technical approval available to users 
or appliers of the subject of the approval and point out that the national technical approval must be 
present at the point of use. On request, copies of the national technical approval must be made available 
to the authorities involved. 

6 The national technical approval may only be duplicated in full. The consent of the Deutsches Institut für 
Bautechnik is required for publication in part. Text and drawings in promotional material must not 
contradict the national technical approval. Translations of the national technical approval must include 
the information "Translation of the original German edition, not verified by the Deutsches Institut für 
Bautechnik". 

7 The national technical approval may be revoked at any time. The provisions of the national technical 
approval may be subsequently supplemented or amended, particularly if required by new technical 
knowledge. 
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II SPECIAL PROVISIONS 

1 Subject of the approval and scope of application 

1.1 Subject of the approval 

The national technical approval encompasses a Wood-Steel-Composite system with glued-in 
HSK-Connectors (HSK-System). It consists of at least one HSK-Connector (moulded metal part), 
which is glued into a cavity in a beam or a slab made of softwood (beams made of solid wood, 
laminated timber, cross laminated timber or laminated veneer lumber; slabs made of cross 
laminated timber, laminated veneer lumber or laminated timber). 

1.2 Scope of application 

1.2.1 The HSK-System according to this national technical approval may only be used for load-bearing 
wooden constructions that are dimensioned and constructed in accordance with the standard DIN 
EN 1995-1-11 in conjunction with DIN EN 1995-1-1/NA2, unless otherwise specified in this 
national technical approval. 

The applicability of the standards complies with the building regulations and the technical building 
regulations of the regions. 

1.2.2 The HSK-System may only be used under the climatic environmental conditions of service 
classes 1 and 2 according to DIN EN 1995-1-1. 

1.2.3 The HSK-System may only be used for predominantly static loads (see DIN 1055-3:2006-033, 
Section 3) or static or quasi-static impacts (see DIN EN 19904 and DIN EN 1991-1-15 in 
conjunction with DIN EN 1991-1-1/NA6). 

1.2.4 The HSK-Connectors must be glued into the wooden components in the factory or at the 
construction site (Section 2 contains provisions on factory bonding, Section 4 on bonding at the 
construction site). 

1.2.5 The temperature of the components in the bonding area of the HSK-Connector in the wood must 
not exceed 60°C. 

1.2.6 Bonding HSK-Connectors into wooden components that have been treated with chemical wood 
protection or fire retardant products is not covered by this national technical approval. 

         1 

2 

3 

4 

5 

6 

DIN EN 1995-1-1:2010-12 

DIN EN 1995-1-1/NA:2013-08 

DIN 1055-3:2006-03 

DIN EN 1990:2010-12 

DIN EN 1991-1-1:2010-12 

DIN EN 1991-1-1/NA:2010-12 

Eurocode 5: Design of timber structures – Part 1-1: General – Common rules and rules 
for buildings 
National Annex – National determined parameters – Eurocode 5: Design of timber 
structures – Part 1-1: General – Common rules and rules for buildings 
Action on Structures – Part 3: Self-weight and Imposed Load in Building Eurocode: Basis 
of structural design 
Eurocode 1: Action on Structures – Part 1-1: General actions – Densities, self-weight, 
imposed loads for buildings 
National Annex – National determined parameters – Eurocode 1: Action on Structures – 
Part 1-1: General actions – Densities, self-weight, imposed loads for buildings 
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1.2.7 For the scope of application of HSK-Connectors depending on the environmental conditions, 
DIN EN 1995-1-1 in conjunction with DIN EN 1995-1-1/NA and DIN SPEC 1052-1007 for 
sheet steel with a maximum thickness of 3 mm apply. For HSK-Connectors made from 
stainless steel, the provisions of national technical approval no. Z-30.3-68 also apply.  

 

2 Provisions for the Wood-Steel-Composite system with glued-in HSK-Connectors 

2.1 Properties and composition 

2.1.1 HSK-Connectors 

HSK-Connectors must be manufactured from structural steel S235 or S355 in accordance with 
DIN EN 10025-19 or from stainless steel, material no. 1.4301 in accordance with DIN EN 10088-
410 and strength class S235 or S355, with a thickness of 2.5 mm and uniformly arranged holes 
with a diameter of 10 mm ± 1 mm at a distance of 15 mm in accordance with Appendices 1 to 3. 
The distance between the edge of the hole and the edge of the HSK-Connector must be at least 
2.5 mm (tolerance -0.1 mm) and the distance between the edges of the different holes must be at 
least 5.0 mm (tolerance -0.2 mm). The HSK-Connectors must employ measures (e.g. beads, spot 
welds, brackets, spacers) to ensure that they are inserted centrally into the joints. 

The width of the HSK-Connector must be a minimum of 15 mm and may be a maximum of 
1260 mm. The length of the HSK-Connector must be chosen such that the fixing-in depth l is a 
minimum of 3 adhesive dowels and a maximum of 300 mm (see Appendix 1). 

The HSK-Connectors may be welded to another steel component before being installed. The 
relevant authoritative technical building regulations, together with the necessary additional 
technical provisions, apply for the design of welding connections. This national technical approval 
does not cover the welding connection. 

Depending on the scope of application, the corrosion protection of the HSK-Connectors 
must be performed in accordance with DIN EN 1995-1-1 in conjunction with DIN EN 1995-1-
1/NA and DIN SPEC 1052-100 and if required, the provisions of national technical approval no. Z-
30.3-6 for sheet steel with a maximum thickness of 3 mm. 

2.1.2 Beams and slabs made from solid wood, laminated timber, cross laminated timber or laminated 
veneer lumber wooden components must consist of spruce, fir or pine. 

Wooden components made from solid wood must correspond to grading class S10 or strength 
class C24 in accordance with DIN EN 14081-111 as a minimum. The laminated timber must 
comply with the requirements of the standard DIN 105212. The cross laminated timber and 
laminated veneer lumber must be a product in accordance with a national technical approval or a 
European technical authorisation/evaluation. The cross laminated timber must be bonded on the 
narrow side of the individual lamellae. 

7 

8 

9 

10 

11 

12 

DIN SPEC 1052-100:2013-08 

Z-30.3-6 
DIN EN 10025-1:2005-2 

DIN EN 10088-4:2010-01 

DIN EN 14081-1:2011-05 

DIN 1052:2008-12 

Timber Structures – Design Of Timber Structures – Part 100: Minimum requirements 
for the materials or corrosion protection of fasteners 
Products, connecting devices and structural components made from stainless steel 
Hot rolled products of structural steels – Part 1: General technical delivery conditions 
Stainless steels – Part 4: Technical delivery conditions for sheet/plate and strip of 
corrosion resisting steels for construction purposes 
 
Timber structures, graded structural timber with rectangular cross section – Part 1: 
General requirements 
Design of timber structures – General rules and rules for buildings 
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The width of the beams and the thickness of the wooden slabs must be at least 40 mm. 

2.1.3 Adhesive 

Bonding must be carried out using 2-components epoxy resin adhesive (WEVO EP 32 S) 
with WEVO hardener B 22 TS in accordance with the national technical approval no. Z-9.1-
705. 

2.1.4 The components as per Sections 2.1.2 and 2.1.3 must be identified in accordance with the 
technical regulations. 

2.2 Manufacture and identification 

2.2.1 Manufacture 

When preparing the bonding, the requirements of standard DIN 1052-1013 must be particularly 
observed. 

The HSK-System must comply with Appendices 1 to 3. 

The assembly instructions as per Appendices 6 to 9 must be observed. 

The provisions of national technical approval no. Z-9.1-705 must be observed for the adhesive. 
The processing guidelines to be drawn up for the adhesive in accordance with national technical 
approval no. Z-9.1-705 must be correspondingly applied from the manufacturer of the adhesive. 
Specific application rules must be taken from the assembly instructions for the HSK-Connection 
in accordance with Appendices 6 to 9. 

The HSK-Connectors must be glued into a prepared cavity. The width of the cavity must be 
4.5 mm, ± 0.5 mm. The individual HSK-Connectors must be bedded into the wooden components 
with at least 3 adhesive dowels and the fixing-in depth l must not exceed 300 mm. 

The centre distance of the HSK-Connectors perpendicular to their level must be at least 40 mm 
from each other and at least 20 mm from the side edge of the wood (see Appendices 1 to 3). 

The HSK-Connectors may only be glued in to wooden components with a moisture content of 
between 6% and 18%. When bonding, the temperature of the wooden components and the HSK-
Connectors must be at least 17°C. The usability of the adhesive for bonding components with a 
temperature greater than 35°C is not proven. When gluing in the HSK-Connectors and hardening 
the adhesive, a minimum environmental temperature of 17°C must be maintained. 

The maximum length of time for introducing and aligning the HSK-Connector in the adhesive-
filled cavity when gluing in by means of insertion according to Appendix 7 (not valid for gluing in 
by means of injection according to Appendix 8) and the length of time during which the 
components with glued-in HSK-Connectors may not be moved, must be observed as given in 
Table 2. 

13 DIN 1052-10:2012-05 Design Of Timber Structures – Part 10: Additional provisions 
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Table 2: Maximum length of time for introducing and aligning the HSK-Connectors in the 
adhesive-filled cavity when bonding by means of insertion and the length of time during 
which the components with glued-in HSK-Connectors may not be moved, depending on 
the environmental and material temperature 

Environmental 
and 
material 
temperature 

Maximum length of time for 
introducing and aligning the 

HSK-Connector in the 
adhesive-filled cavity 

in minutes 

Length of time during which the 
components 

with glued-in HSK-Connectors  
may not be moved 

in hours 

17°C 12 15 

20°C 10 10 

30°C 3 4.5 
 

The requirements for the earliest moment at which a mechanical load may be applied and the 
length of time until the final adhesive strength is achieved depending on the environmental 
temperature must be observed as given in Table 3. 

Table 3: Earliest moment at which a mechanical load may be applied and the length of time until 
the final adhesive strength is achieved depending on the environmental temperature 

Environmental 
temperature 

17°C 20°C 30°C 

Earliest moment at 
which a mechanical 
load may be applied 
in hours 

45 20 8 

Length of time until the 
final adhesive strength 
is achieved 
in days 

11 10 8 

 

At environmental temperatures of 30°C < T ≤ 35°C, the required hardening time of the adhesive 
must be calculated in consultation with the adhesive manufacturer and the testing centre14. 

The prepared cavity must be free from dust. This must be achieved by blowing it out using oil-free 
compressed air. 

The applicant must offer training on the manufacture of the bond which must be completed by 
manufacturers. 

Manufacturers of the bond must be in possession of a valid certificate of proof of competence for 
bonding this component according to DIN 1052-10. 

14 Recognised testing centre for the original inspection of adhesives with national technical approval according to Part II a of 
the register of testing, supervisory and certification centres according to the German regional building regulations with the 
serial number 3.3/4. 
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2.2.2 Identification 

The accompanying documents for the HSK-Connectors and in the case of factory production, 
also for the wooden beams or slabs with glued-in HSK-Connectors, must be identified by the 
respective manufacturer using the German mark of conformity (Ü-Zeichen) according to the mark 
of conformity regulations of the region. Identification may only take place if the requirements of 
Section 2.3 have been fulfilled. 
In addition, the accompanying documents must contain the following information: 

− Designation of the subject of the approval 

− Manufacturing company 

− Year and day of manufacture 

− Dimensions, strength class and corrosion protection of the HSK-Connector 
− Designation of the adhesive 

− Batch number (adhesive) 

− Information on beams and slabs made from solid wood, laminated timber, cross laminated 
timber or laminated veneer lumber 

 

 

2.3 Declaration of conformity 

2.3.1 General 

The attestation of the conformity of the HSK-Connectors and in the case of factory production, 
the wooden beams or slabs with glued-in HSK-Connectors with the provisions of this national 
technical approval must take place for every manufacturing company by means of a declaration 
of conformity from the manufacturer on the basis of an original inspection by the manufacturer 
and a factory production control system. 

The manufacturer must make the declaration of conformity by identifying the construction 
products with the German mark of conformity (Ü-Zeichen) with reference to the intended use. 

2.3.2 Factory production control system 

A factory production control system must be established and implemented in every manufacturing 
company. The factory production control system consists of the continuous monitoring of 
production carried out by manufacturers to ensure that the construction products they 
manufacture correspond to the provisions of this national technical approval. 

The factory production control system should include as a minimum the measures detailed 
below, taking into account the assembly instructions according to Appendices 6 to 9: 

Description and review of the output materials and components 

• HSK-Connector: 

• Observance of the requirements for the output material of the HSK-Connectors 
according to Section 2.1.1 must be checked using the CE mark, particularly with regard 
to the material, mechanical properties and corrosion protection. 

• Dimensions 

• Beams and slabs made from solid wood, laminated timber, cross laminated timber or 
laminated veneer lumber: 

• Dimensions 

• Type of wood 

• Identification 
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• Adhesive: 

• Identification, date of manufacture and date of delivery, expiry date 

Controls and inspections to be carried out during manufacture: 

• Wooden beams or slabs with glued-in HSK-Connectors: 

• Width, depth and arrangement of the cavity for the HSK-Connectors and installation of 
the HSK-Connectors 

• Moisture content of the wood when bonding 

• Room temperature during the manufacture and hardening of the bond and 
temperature of the HSK-Connector and wooden components 

• Time elapsed between filling the cavity with the adhesive and introducing and aligning 
the HSK-Connector 

• Application amount (comparison of the target application amount with the actual 
application amount) and mixing ratio of the adhesive 

Proofs and inspections that must be executed for the finished construction product: 

• Wooden beams or slabs with glued-in HSK-Connectors: 

• Dimensions, arrangement and spacing of the HSK-Connectors 

• Dimensions of the wooden beams or slabs 

The results of the factory production control system must be recorded and evaluated. The records 
must contain the following information, as a minimum: 

− Designation of the construction product and/or the output material or components 

− Type of control or inspection 

− Date of manufacture and inspection of the construction product and/or output material or 
components 

− Outcome of the controls and inspections, and where appropriate, comparison with the 
requirements 

− Name of the employee responsible for carrying out the bonding 

− Signature of the employee responsible for the factory production control system 

 

The records must be kept for at least five years. They must be provided to the Deutsches Institut 
für Bautechnik and the relevant highest construction supervisory authority on request. 

In the event of an unsatisfactory inspection result, the manufacturer must immediately undertake 
the required measures to correct the deficiency. Construction products that do not comply with 
the requirements must be handled in such a way that they cannot be confused with those that do. 
Once the deficiency has been corrected and proof of its remedy is provided, it is necessary to 
repeat the relevant inspection immediately, insofar as this is technically possible. 
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3 Provisions for the design and dimensions 

3.1 General 

DIN EN 1995-1-1, in conjunction with DIN EN 1995-1-1/NA, applies for the design and 
dimensions of wood constructions using HSK-Connectors, unless otherwise stipulated below. 

3.2 For verification of the load-bearing capacity of glued-in HSK-Connectors, the following failure 
mechanisms must be taken into account: 

− Failure of the steel cross-section 

− Failure of the adhesive dowel (KD) (for presentation of adhesive dowels, see Appendix 1) 

− Failure of the wooden components (including cross tension failure or block shearing failure) 

The characteristic value for the load bearing capacity of an adhesive dowel RKD,k of HSK-
Connectors is: 

RKD,k = 800 N 

The characteristic value for the load bearing capacity of a connection with n adhesive dowels, in 
terms of the failure of the adhesive dowel subjected to normal and/or shear force, is: 

RHSK,k = n RKD,k 
In the event of pure or additional torque stress on the connection, the characteristic value for the 
load bearing capacity of an adhesive dowel RKD,k is maintained for the relevant adhesive dowels. 

Adhesive dowels may only be taken into consideration if their plate surface runs parallel to the 
grain of the wood and if the distance between the edge of the adhesive dowel and the edge of 
the wood is at least 12.5 mm. 

The calculated value of the slip modulus of an adhesive dowel Kser for the serviceability 
verification, depending on the force-grain angle, is: 

Kser ,0 = 7400 N/mm 

Kser ,90  =  2500 N/mm 
Intermediate values may be interpolated linearly. 

The calculated value of the slip modulus Ku for the load bearing capacity verification must be 
assumed according to the calculated value of the slip modulus for the serviceability verification. 

3.3 If the HSK-Connection is subjected to a force perpendicular to the grain direction of the wood, the 
cross tension verification according to DIN EN 1995-1-1:2010-12, Section 8.1.4 in conjunction 
with DIN EN 1995-1-1/NA:2013-08 NCI Section 8.1.4 must also be carried out for the wooden 
component. In this case an adhesive dowel may be considered a pin-type fastener. The effective 
connection depth per plate may be included in the calculation, where tef = 20 mm. 

3.4 When verifying the tensile load capacity of the connection for stress parallel to the grain of the 
wooden component, the limitation of the characteristic load bearing capacity as a result of shear 
failure along the border due to the outer adhesive dowels or as a result of tension failure of the 
wood modelled after DIN EN 1995-1-1:2010-12, Appendix A, must also be taken into account as 
follows for Cases a and b: 

 

 
    1,5 Anet,t,a ft,0,k 

  max  

    Anet,v,a fv,k 

Fbs, Rk =    min  
    1,5 Anet,t,b ft,0,k 

  max 

    Anet,v,b fv,k  
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For Case a, see Appendix 4 

Anet,t,a = Lnet,t,bs (n - 1) t2 
 

Anet,v,a = 2Lnet,v,bs (Lnet,t,bs (n - 1) t2)  ,v,bs  
 

and for Case b, see Appendix 5 

Anet,t,b = (Lnet,t,bs +a2.1 +a2.2) (n - 1) t2 

Anet ,v ,b = 2Lnet ,v ,b s (Lnet , t ,b s  + a2. 1  + a2.2) 

where  

 
Fbs,Rk 

Anet,t, 

Anet,v, 

Lnet,t,bs 

Lnet,v,bs 

n 

Characteristic value for the block shearing load bearing capacity 

Net cross-section surface perpendicular to the grain direction of the wood 

Net shear surface in the grain direction of the wood 

Net width perpendicular to the grain direction of the wood according to Appendices 4 
and 5 

Net length of the shear fracture surface 

 
Number of perforated plates 

 
t1, t2, a21, a22 Dimensions of the connection according to Appendices 4 and 5 

ft,0,k Characteristic value of the tensile strength of the wooden component 

fv,k Characteristic value of the shear strength of the wooden component 

3.5 Furthermore, the tension verification in the net surface of the wooden component at the end of the 
connection must be performed. When verifying the net wooden cross-section of slotted wood for 
tension, the characteristic value of the tensile strength is reduced by a factor of 0.8. For cross 
laminated timber, only the cross-section of the lamellae that run parallel to the grain in the 
direction of the stress on the perforated plates may be taken into consideration. 

3.6 Fire, humidity, sound and thermal protection 

If the connections are to be used for the manufacture of a wooden construction with specific fire 
resistance requirements, the fire resistance class of this wooden construction must be verified as 
part of a construction usability certificate, e.g. a national technical approval. 

The regulations, standards and guidelines adopted for this purpose apply for the necessary 
verification of fire, sound and thermal protection. 

4 Provisions for implementation 

4.1 DIN 1052-10 and DIN EN 1995-1-1, in conjunction with DIN EN 1995-1-1/NA, apply for the 
implementation, unless otherwise stipulated below. Where appropriate, the national technical 
approvals must also be observed for wooden components. 

4.2 The HSK-System must comply with Appendices1 to 3. 

4.3 When installing the HSK-Connectors at the construction site, the requirements for the 
manufacturer of the bond as per Section 2.2.1 and for the output products as per Section 2.1 
must be observed. The output products (wood, adhesive and HSK-Connectors) must be 
identified in accordance with the technical regulations. The manufacture of the HSK-System must 
take place according to Section 2.2.1, taking into account the processing guidelines of the 
relevant adhesive and the assembly instructions according to Appendices 6 to 9. The 
manufacture must be supervised by the employee responsible for carrying out the bonding as in 
accordance with Section 2.3.2. 
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4.4 When installing the HSK-Connectors at the construction site, the process of the bonding must be 
documented in a record which must contain the following information as a minimum: 

• Designation of the subject, name of the owner/authorised beneficiary and date of installation 

• Name of the employee responsible for carrying out the bonding 

• Description of the bonding procedure performed with details on the HSK-Connectors, 
adhesives and wooden components, including identification 

• Width, depth and arrangement of the cavities for the HSK-Connectors 

• Type of wood 

• Temperature and moisture content of the wooden components immediately prior to bonding; 
the measurements to be performed at different depths depending on the width of the cross-
section; temperature of the HSK-Connectors 

• Temperature and relative atmospheric humidity of the surrounding air while the adhesive is 
hardening 

• Time elapsed between filling the cavity with the adhesive and introducing and aligning the 
HSK-Connector 

• Date of manufacture and date of delivery, as well as expiry date of the adhesive 

• Application amount (comparison of the target application amount with the actual application 
amount) and mixing ratio of the adhesive 

• Final documentation 

The record must be signed by the employee responsible. It must be kept for at least 20 years 
(e.g. in the constructions records). 

 

 

 

Uwe Bender       

Head of Department 
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1. Basic requirements 

a. Certificate of proof of competence for bonding 

b. Staff training by approval holder 

c. The requirements of DIN 1052-10 must be fulfilled 

d. Observe Special provisions according to Z-9.1-770 and Z-9.1-705 

e. Observe the processing guidelines of the adhesive manufacturer 

f. Manufacture of HSK-Connections is monitored and/or recorded 

2. Check output products 

a. Identification of the components (Ü-Zeichen or CE mark) 

b. Corrosion protection of the HSK-Connectors 

c. Dimens ions  

d. Storage life of the adhesive 

e. Review of the measures to ensure spacing when introducing the HSK-

Connectors 

3. Preparations 

a. Observe the storage temperatures of the adhesive according to the 
manufacturer 

b. Check moisture content of wood is between 6% and 18% 

c. Environmental temperature ≥ 17°C 

d. Component temperature (wood, steel, adhesive) > 17°C 

e. Make all tools and auxiliary means available 

4. General information for gluing in 

a. Wear protective gloves and safety goggles 

b. Avoid skin contact with all adhesive agents 

c. Processing must be performed with cartridge goods or an 

adhesive applicator by means of a hand gun (manual or 

mechanical delivery) and a static mixing tube 

d. Before using the adhesive, completely fill the mixing tube and 

discard the first load 

e. Second load: Provide a master sample for quality assurance 

(adhesive must be free from streaks) 

f. Mixed material must not stay in the mixing tube for more than 15 min 

 

Assembly instructions 
 

 

 

 

 

 

 

 
4a 

 

 
 

 

 
4c 

 

 

 
4d 

 

 

 
4e 

 

Appendix 6Assembly instructions
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(HSK-System)
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1. Gluing in by means of insertion 

a. Make cavity with a width of 4.5 mm, ± 0.5 mm and the required 

depth 

b. Use an appropriate tool to remove coarse chips from the cavity 

(visual inspection) and clean the cavity with oil-free compressed 

air 

c. Seal the cleaned cavity using a suitable material (e.g. filler) 

d. Calculate adhesive amount and fill the cavity with adhesive from 

above such that air can escape (prevention of air bubbles); check 

injected adhesive amount 

 

 

 

e. Manually insert dry and dust-free HSK-Connectors into the 

adhesive, so that holes in the plate are completely filled 

f. Align HSK-Connectors and fix in place with appropriate means (e.g. small 

plastic wedges), so that there is a minimum distance of 0.5 mm between  

the plate and the kerf wall 

 

 

 
 

 
 

 
 

 
 

 

Wood-Steel-Composite system
(HSK-System)

Assembly instructions Appendix 7
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5. Gluing in by means of injection 

a. Make cavity with a width of 4.5 mm, ± 0.5 mm and the required 

depth 

b. Make injection cavity and if necessary, ventilation holes 

i. Ø 6 mm or Ø 8 mm 
ii. Injection must be performed in the direction of the plate surface 
iii. Injection can take place upwards from below or horizontally 

(upright/horizontal) 
iv. Adhesive must only ever flow in one direction, to ensure air 

bubbles are not formed 

c. Use an appropriate tool to remove coarse chips from the cavity 

(visual inspection) and clean with oil-free compressed air 

d. Align dry and dust-free HSK-Connectors inside the cavity and fix in place 

with appropriate means (keep interference with adhesive flow to a 

minimum), so that there is a minimum distance of 0.5 mm between the 

plate and the kerf wall 
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e. Seal the cleaned cavity using a suitable material (e.g. filler) 

f. Measure out adhesive amount and inject adhesive 

g. Close injection and ventilation holes with wooden dowels 

h. Check injected adhesive amount 

6. Hardening of the adhesive 

i. Further processing after initial strength is achieved 

j. Static capacity after dry strength is achieved 

(see Table 3) 

7. Cleaning 

k. Material residue that has not hardened can be removed, 

e.g. with WEVO special thinner D 

I. Wash hands immediately after work using soap and warm water 

m. Protective ointment is recommended to care for your hands 

 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wood-Steel-Composite system
(HSK-System)

Assembly instructions Appendix 9
 



dadhesive dowel 10 mm d 387 mm

RKD,k 800 N k3  0,678

Steelquality:  S355 Build‐up: 7 layers (II‐I‐I‐I‐I‐I‐II)

fyd 355 N/mm
2 ft,0,k 13,2 N/mm

2

t 2,5 mm fv,k 3,2 N/mm
2

Nt,d 1767,42 kN/m Vd 90,14 kN/m

Nc,d 2693,22 kN/m kmod 0,8

nplates 6 acolumns 16,0 mm

ncolumns 60 arows 15,0 mm

nrows 11 bconnector 960,0 mm

ndowels 3960 lconnector 175,0 mm

RHSK,k 3168,00 kN RHSK,Rd 1949,54 kN

γM 1,3 Unity check 0,907

Anet 5400 mm
2

Ft,Rd 1917,00 kN

Ft,k 1917,00 kN Unity check 0,922

γM 1,0

Lnet,t,bs 954,0 mm Fbs,t,a 6497,88 kN

Lnet,v,bs 172,5 mm Fbs,v,a 362306,30 kN

(n‐1)t2 344,0 mm Fbs,t,b 6674,98 kN

a2,1 23 mm Fbs,v,b 1081,92 kN

a2,2 3 mm Fbs,Rk 6675,0 kN

Anet,t,a 328176 mm
2 γM 1,3

Anet,v,a 113220720 mm
2

Fbs,Rd 4107,68 kN

Anet,t,b 337120 mm
2

Unity check 0,430

Anet,v,b 338100 mm2

nplates 3 acolumns 15,0 mm

ncolumns 15 arows 16,0 mm

nrows 5 bconnector 225,0 mm

ndowels 225 lconnector 89,0 mm

RHSK,k 180,00 kN RHSK,Rd 110,77 kN

γM 1,3 Unity check 0,814

SCIA results: ULS‐EQU‐2

F.3.1. Connection design: wall‐foundation
Load‐bearing capacity of the wall‐foundation design 1
HSK‐system section and strength properties CLT section and strength properties 

Design of the HSK‐connector for tensile force

Design of the HSK‐connector for shear force

ULS: Lateral shear capacity adhesive dowels

ULS: Tensile capacity adhesive dowels

ULS: Tensile capacity perforated steel plates

ULS: Tensile capacity of the wooden component



Anet 292,5 mm
2

Fv,Rd 103,84 kN

Fv,k 103,84 kN Unity check 0,868

γM 1,0

ULS: Lateral shear capacity perforated steel plates



dadhesive dowel 10 mm d 387 mm

RKD,k 800 N k3  0,678

t 2,5 mm Build‐up: 7 layers (II‐I‐I‐I‐I‐I‐II)
ft,0,k 13,2 N/mm

2

fv,k 3,2 N/mm
2

Nt,d 603,71 kN/m Vd 90,14 kN/m

Nc,d 2693,22 kN/m kmod 0,8

nplates 4 acolumns 15,0 mm

fyd 235 N/mm
2 arows 15,0 mm

ncolumns 56 bconnector 840,0 mm

nrows 7 lconnector 115,0 mm

ndowels 1568

RHSK,k 1254,40 kN RHSK,Rd 771,94 kN

γM 1,3 Unity check 0,782

Anet 2800 mm
2

Ft,Rd 658,00 kN

Ft,k 658,00 kN Unity check 0,917

γM 1,0

Lnet,t,bs 835,0 mm Fbs,t,a 5687,35 kN

Lnet,v,bs 112,5 mm Fbs,v,a 206812,80 kN

(n‐1)t2 344,0 mm Fbs,t,b 6266,30 kN

a2,1 82,5 mm Fbs,v,b 662,4 kN

a2,2 2,5 mm Fbs,Rk 6266,3 kN

Anet,t,a 287240 mm
2 γM 1,3

Anet,v,a 64629000 mm
2

Fbs,Rd 3856,19 kN

Anet,t,b 316480 mm
2

Unity check 0,157

Anet,v,b 207000 mm
2

nplates 3 acolumns 15,0 mm

fyd 355 N/mm
2 arows 16,0 mm

ncolumns 15 bconnector 225,0 mm

nrows 5 lconnector 89,0 mm

ndowels 225

ULS: Tensile capacity adhesive dowels

ULS: Tensile capacity perforated steel plates

ULS: Tensile capacity of the wooden component

F.3.2. Connection design: wall‐foundation
Load‐bearing capacity of the wall‐foundation design 2

HSK‐system section and strength properties CLT section and strength properties 

Design of the HSK‐connector for tensile force

SCIA results: ULS‐EQU‐2

Design of the HSK‐connector for shear force



RHSK,k 180,00 kN RHSK,Rd 110,77 kN

γM 1,3 Unity check 0,814

Anet 292,5 mm
2

Fv,Rd 103,84 kN

Fv,k 103,84 kN Unity check 0,868

γM 1,0

ULS: Lateral shear capacity adhesive dowels

ULS: Lateral shear capacity perforated steel plates



d 24 mm Steelquality:  8.8

As 353 mm2
fub 800 N/mm2

Nt,d 1767,42 kN/m

Vd 90,14 kN/m

γM2 1,25 nmin 8,69 /m

Ft,Rd 203,33 kN

Fv,Rd 135,55 kN

nmin 0,66 /m

2 x M24 / 200 mm

d 24 mm Steelquality:  8.8

As 353 mm2
fub 800 N/mm2

Nt,d 603,71 kN/m

Vd 90,14 kN/m

γM2 1,25 nmin 2,97 /m

Ft,Rd 203,33 kN

Fv,Rd 135,55 kN

nmin 0,66 /m

2 x M24 / 500 mm

ULS: Shear capacity 

Spacing of bolts

F.4.2. Connection design: wall‐foundation
Load‐bearing capacity of the nuts in wall‐foundation design 2
Bolt properties M24

SCIA results: ULS‐EQU‐2

ULS: Tensile capacity 

ULS: Tensile capacity 

ULS: Shear capacity 

Spacing of bolts

Bolt properties M24

F.4.1. Connection design: wall‐foundation
Load‐bearing capacity of the nuts in wall‐foundation design 1

SCIA results: ULS‐EQU‐2



dadhesive dowel 10 mm d 387 mm

RKD,k 800 N k3  0,678

Steelquality:  S355 Build‐up: 7 layers (II‐I‐I‐I‐I‐I‐II)

fyd 355 N/mm
2 ft,0,k 13,2 N/mm

2

t 2,5 mm fv,k 3,2 N/mm
2

nplates 3 acolumns 15,0 mm

ncolumns 6 arows 18,0 mm

nrows 14 bconnector 90,0 mm

ndowels 252 lconnector 276,0 mm

Nt,d 1334,11 kN/m Vd 349,27 kN/m

Nc,d 2169,57 kN/m kmod 0,8

RHSK,Rd 403,20 kN

Unity check 0,866

Anet 1020 mm
2

Fv,Rd 362,10 kN

Fv,k 362,10 kN Unity check 0,965

γM 1,0

HSK‐system section and strength properties CLT section and strength properties 

ULS: Lateral shear capacity adhesive dowels

ULS: Lateral shear capacity perforated steel plates

SCIA results: ULS‐EQU‐2

Design of the HSK‐connector

F.5. Connection design: wall‐wall vertical
Load‐bearing capacity of the wall‐wall connection vertical, the shear connector



dadhesive dowel 10 mm d 387 mm

RKD,k 800 N k3  0,678

t 2,5 mm Build‐up: 7 layers (II‐I‐I‐I‐I‐I‐II)
ft,0,k 13,2 N/mm

2

fv,k 3,2 N/mm
2

Nt,90,d 200,35 kN/m Vd 165,86 kN/m

Nc,90,d 98,13 kN/m kmod 0,8

nplates 2 acolumns 15,0 mm

fyd 235 N/mm
2 arows 15,0 mm

ncolumns 18 aend 12,5 mm

nrows 7 bconnector 270,0 mm

ndowels 252 lconnector 115,0 mm

RHSK,k 403,20 kN RHSK,Rd 248,12 kN

γM 1,3 Unity check 0,807

Anet 900 mm
2

Ft,Rd 211,50 kN

Ft,k 211,50 kN Unity check 0,947

γM 1,0

Lnet,t,bs 265,0 mm Fbs,t,a 902,48 kN

Lnet,v,bs 1642,5 mm Fbs,v,a 479136,96 kN

(n‐1)t2 172,0 mm Fbs,t,b 4852,98 kN

a2,1 445 mm Fbs,v,b 7489,8 kN

a2,2 2,5 mm Fbs,Rk 7489,8 kN

Anet,t,a 45580 mm
2 γM 1,3

Anet,v,a 149730300 mm
2

Fbs,Rd 4609,11 kN

Anet,t,b 245100 mm
2

Unity check 0,043

Anet,v,b 2340562,5 mm2

ULS: Tensile capacity of the wooden component

F.5. Connection design: wall‐wall horizontal
Load‐bearing capacity of the wall‐wall connection horizontal
HSK‐system section and strength properties CLT section and strength properties 

Design of the HSK‐connector for tensile force

SCIA results: ULS‐EQU‐2

ULS: Tensile capacity adhesive dowels

ULS: Tensile capacity perforated steel plates
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