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Summary 

Since building legislations changed in 1994 and since the Swedish 

government launched a timber promotion campaign in 2004, the use of 

timber in the Swedish building sector has increased significantly. Timber 

constructions not only take up the major part of the market for single-family 

houses but they also appear more in more in the field of multi storey 

buildings. One reason for that can be seen in the ecological advantages that 

are connected to timber as a building material and that gain an even higher 

importance in times of global warming and climate change. Nevertheless, 

remaining challenges concerning the issues of fire protection, acoustics and 

vibration as well as horizontal stabilisation have to be solved especially for 

the use of timber in multi-storey buildings.  

The latter of these three challenges, the horizontal stabilisation of timber 

buildings against wind loading, is closely connected to the capacity of the 

fasteners between the different prefabricated elements in a timber building. 

For a sufficient horizontal stabilisation an adequate force transmission 

capacity of the connections concerning compression, tension and shear 

forces is required. In this work the load-bearing wall-to-substrate, wall-to-

wall, wall-to-flooring/flooring-to-wall and roof-to-wall connections between 

prefabricated timber elements are investigated. Due to the fact that the 

majority of timber buildings can be found in the segment of single-family 

houses, the examinations focus on the inter-component connections in 

buildings with a maximum height of two storeys. Also, only buildings based 

on prefabricated planar timber frame elements have been included in the 

considerations.  

A collection of different connector solutions for the four connection types 

mentioned above resulted from interviews with as well as inspections of 

three timber building companies and their building sites. Especially in the 

case of the wall-to-substrate connections the investigated solutions differ 

significantly. Since the connection to the substrate is particularly crucial due 

to the occurring uplift forces, the pullout resistance of the fasteners is of 

major importance. However, comparing the capacities of the applied 

fasteners to the uplift forces that can be reached in a two-storey building and 

the dead load that acts against them, a sufficient stabilisation can be doubted 

in critical cases. Further studies need to clarify to which extent the dead load 

of the adjacent wall parts is contributing to the building’s resistance against 

uplift. In this context, investigations should especially focus on three-

dimensional approaches, considering the contribution of lateral walls to the 

force transmission capacity of the building structure. Also, wall parts with 

openings could be included in the calculation of the stabilising system.  

A major result of the current work is the high variety of the applied 

connector solutions. Significant differences can not only be found between 
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the connections of the different companies but several alternatives are also 

provided within the same company. Since the planning process and the 

prefabrication of the timber elements is separated from the assembly of the 

elements on site, communication problems often lead to mistakes and a 

decreased building quality. Standardised and optimised solutions for the 

different connections types could assure a faster and more accurate assembly 

process. In addition, these connector solutions could be developed further 

for the use in multi-storey buildings. 
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Abstract 

For the transfer of horizontal loads acting on a timber building the 

connections between the prefabricated timber elements play an important 

role. In this work the standard wall-to-substrate, wall-to-wall, wall-to-

flooring/flooring-to-wall and roof-to-wall connections of three investigated 

timber building companies are analysed according to their force 

transmission capacities and applicability during the assembly process. The 

investigated connections are used for single-family houses with a maximum 

height of two storeys. Although the horizontal loading and thereby resulting 

uplift forces do not reach the sizes that have to be handled for multi-storey 

buildings, especially the analysis of the wall-to-substrate connections led to 

critical results. In the case of relatively high uplift forces at specific 

positions along the bottom of a building, the fasteners in connection with the 

dead load of the building can fail to provide a sufficient resistance against 

uplifting. Further calculations are needed to prove the contribution of a 

larger percentage of a building as well as parts of lateral walls to the 

stabilisation against uplift. Also, the standardisation of inter-component 

connections between planar timber frame elements should be pursued to 

increase the quality of timber frame buildings.  
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1 Introduction 

 

1.1 Background 

In Sweden timber constructions have a long tradition, especially in houses 

with a maximum height of two storeys. With regard to single-family houses, 

timber frame as the load-bearing structure takes up a market share of around 

85-90 % (von Platen, 2004). This indicates the large impact timber 

constructions have on the Swedish building industry.  

In 2004 the Swedish government launched a national timber promotion 

programme in order to strengthen the forestry sector and to achieve 

economic advantages concerning job opportunities and export incomes, see 

Serrano, Eriksson, Gustafsson, 2011. This and also the fact that building 

legislations in Sweden changed in 1994 have lead to the increased use of 

timber in load-bearing constructions of multi-storey buildings. Two 

examples of multi-storey timber constructions are the Limnologen project in 

Växjö (Serrano, 2009) and the Älvsbacka Strand project in Skellefteå 

(Serrano, Eriksson, Gustafsson, 2011). Today around 10 % of Swedish 

buildings with more than two stories are built with timber in the load-

bearing structure (Jonsson, 2009). 

The rising importance of timber based constructions also originates from 

their advantages concerning ecological aspects of building. The production 

of wood for construction spends half as much energy as needed for the 

production of concrete and only 1 % of the energy used for the production of 

steel (Stehn, 2002). In addition, only a small percentage of the energy is 

generated from fossil fuels. This results in a reduction of the global warming 

capability. CO2-emissions can furthermore be reduced through using long-

life products based on wood as a carbon sink (Stehn, 2002). Thus, timber 

constructions can decrease the environmental impacts of the building sector. 

In a study describing the possible climate change mitigation through the 

increased wood use in the European construction sector it is pointed out that 

a high CO2 emission reduction can be achieved through the use of wood 

frames instead of concrete in the construction of flats in Sweden (Eriksson et 

al., 2012). By 2030, one million additional flat constructions based on 

timber every year would decrease the carbon emissions by 4,3 million tC 

during the year of construction and by additional 4,2 million tC over the 

complete lifecycle of the buildings produced each year. This emission 

decrease derives from reduced fossil fuels used for material production, 

reduced cement process reaction emission, increased substitution of fossil 

fuels by biomass residues and increased carbon storage in building 

materials. 
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Although there are still some prejudices against timber buildings in many 

countries, regarding their durability, horizontal stability and fire resistance, 

the ecological aspects attract the attention of a growing percentage of 

population (Gold, Rubik, 2009). In future, the market for timber buildings 

has a good chance to rise due to the mentioned advantages. Especially in 

terms of multi-storey buildings the increased use of timber can be expected. 

To meet the upcoming requirements of a higher demand for timber housing 

the industry is in need for innovative solutions, particularly in the fields 

specified below.  

Challenges that still need further attention in the construction of multi-storey 

timber buildings can be divided into three categories, see Serrano, Eriksson, 

Gustafsson, 2011: 

- Fire 

- Acoustics and vibration 

- Horizontal stabilisation 

The current work focuses on the last of the named aspects. Also, it will 

mainly treat prefabricated planar elements in contrast to volume elements. 

Next to the impact of window and door openings, the connections between 

the planar elements have a major influence on the distribution of wind loads 

in a timber building. The fasteners connecting the prefabricated elements 

transmit forces in between them and prevent them from uplifting or sliding. 

The more the relation between height and ground plan of a building 

increases the higher the vertical support reactions due to wind loading get, 

see Figure 1. Since the dead load of timber is relatively low as compared to 

steel or concrete the developing uplift forces can become a critical matter. It 

is therefore important to find the best possible connector solutions in order 

to deal with those problems and to further develop multi-storey timber 

buildings. Given that the majority of timber constructions can be found in 

the segment of single-family houses, the solutions used in this area will be 

the major focus in the course of this document work. Connections well 

suited for transmitting higher forces could then be suggested for the use even 

in multi-storey buildings. 

 
Figure 1. Decrease of uplift forces due to wind loading 
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1.2 Aim, scope and limitations 

The main aim of this report is to identify different design types of inter-

component connector systems used in the construction of prefabricated 

single-family houses, and to analyse them with respect to their advantages 

and drawbacks. Subsequent to this work the achieved results can be used to 

develop solutions for the inter-component connections in multi-storey 

timber buildings, and thus, contribute to the standardisation and 

improvement of timber constructions. 

The report focuses on load-bearing connections between the prefabricated 

planar elements of timber frame buildings. To be taken into account are four 

different connection types: wall-to-substrate, wall-to-wall, wall-to-

flooring/flooring-to-wall and roof-to-wall connections. These connections 

are primarily analysed with respect to their load transmission characteristics 

and their applicability during the assembly process. The work covers two-

storey timber frame buildings prefabricated as planar elements. Other 

building systems regarding the materials (e.g. components based on CLT-

panels) or the degree of prefabrication of the elements (e.g. volumes instead 

of flat elements) are excluded. Also, the connector systems presently used in 

multi-storey timber buildings have not been considered in this work.  

 

1.3 Method 

In order to investigate different solutions as used in practice for inter-

component connections of prefabricated elements in timber buildings, three 

building companies have been contacted and interviewed about their 

experiences and standards. All selected companies produce and assemble 

timber houses based on prefabricated planar elements. Also, the majority of 

their sold houses are single-family houses with a maximum height of two 

stories. Differences between the companies can appear according to the 

degree of prefabrication or the structure of the elements.  

The collected information results from conversations and discussions as well 

as detail drawings and inspections of production facilities and building sites. 

For the interviews a list of questions was prepared that served as an 

orientation and guideline for the conversations, see Figure 2. After the 

interviews the data was structured and processed. The results are presented 

in chapter 3. 
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Figure 2. List of questions for interviews with the building companies  
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2 Basics of timber frame building 

The load-bearing structure of timber frame buildings consists of a wooden 

skeleton formed by rails and studs that are stabilised by means of a 

sheathing. Wall, floor and roof elements are commonly prefabricated in 

factories and transported to the building site for assembly. This chapter deals 

with the design and functionality of the stabilising system of a timber 

building as a whole, especially concerning horizontal loading. Also, the 

characteristics of the prefabrication of planar timber frame elements and the 

demands on their connection to each other are presented. 

 

2.1 Principles of stabilisation 

When dividing building systems with respect to their geometrical 

characteristics, three different types can be distinguished, see Crocetti et al., 

2011: 

- Panel systems 

- Modular systems  

- Beam and post systems 

While panel systems are based on prefabricated planar elements that are 

assembled on site, modular systems are produced as volumetric boxes in 

factory and thus have an even higher degree of prefabrication. In contrast, 

beam and post systems are installed almost entirely on site and consist of a 

structural grid of beams and columns. In the panel as well as in the modular 

system light timber frames can be utilised as basic technology.  

The timber frame building system the current document focuses on belongs 

to the panel systems. It consists of plane wall, floor or roof elements based 

on rails and studs with a cross section of 45 × 120 mm², covered by a 

sheathing material such as gypsum, plywood, fibre board or oriented strain 

board, see Figure 3. Also, the studies in this report are limited to the most 

common platform framing in which the flooring is laid on top of the rails of 

the prefabricated elements in each storey instead of being attached to 

continuous wall elements from the inside. The latter is referred to as balloon 

framing. 

According to Crocetti (Crocetti et al., 2011) there are some typical problems 

that may occur relating to light timber frame constructions: At first, 

vibration and deflection issues that result in a maximum flooring span of the 

elements being 8 to 10 meters. Secondly, the relatively low compression 

strength perpendicular to the grain of the timber members that limits the 

height of timber frame buildings to 6 to 7 storeys. Also, the low mass of the 

timber elements may be a disadvantage with respect to their acoustical 
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performance, but new techniques have been developed to gain a better 

acoustic performance, see e.g. Serrano, 2011. A larger challenge that occurs 

due to the light structure is the high capacity needed to prevent turn-over 

when the building is subjected to horizontal loading. Next to vertical loads 

from dead weight, snow or live loads that can be handled relatively easily, a 

building is exposed to horizontal loads mainly due to wind loading or 

seismic activity. Especially in multi-storey buildings, the horizontal loading 

can become a serious issue, causing movements, deformations and even 

failure if the stabilising system is not sufficient (Doudak, 2005).  

 
Figure 3. Timber frame wall 

For low-rise buildings the horizontal stabilisation can be provided by means 

of diagonal bracing, shear walls or rigid connections and joints, see EN 

1995-1-1 (2004) and Figure 4. Most common and also mainly treated in the 

current report is the use of shear wall action to achieve an effective and 

ductile resistance against horizontal loads. The sheathing material fastened 

to the timber frame by means of nails or screws serves as a stiff resistance 

against in-plane deformations and causes the entire wall to act as a rigid 

diaphragm (Girhammar and Källsner, 2009). In common calculation 

methods the stabilisation capacity of wall units including openings is 

disregarded so that a building from a static point of view consists “of a 
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number of continuous vertical strips of shear walls that act separately” 

(Crocetti et al., 2011).  

To assure a high horizontal stabilisation capacity some important factors 

have to be taken into consideration, see Crocetti et al., 2011: 

1. The shear stiffness and racking resistance of a shear wall depend on 

the stiffness of the sheathing-to-framing joints. In order to obtain a 

sufficient load-bearing capacity the sheathing has to be fastened to 

the timber frame along all edges and the number and distance 

between the fasteners has to be calculated according to the design 

rules. 

2. Horizontal sliding can be prevented by means of anchorages that 

connect the bottom rail to the substrate. Also, hold-down fixings 

have to be used to fasten the leading and trailing stud to the floor, 

wall or foundation to avoid uplift and overturning. 

3. High uplift and compression forces at specific points can be 

minimised through including wall sections with openings as well as 

narrow sheets in the stabilisation system. Furthermore, lateral walls 

can be taken into account using a three-dimensional approach 

(Vessby, 2011). 

 
Figure 4. Horizontal stabilisation by means of diagonal bracing, shear wall action or rigid joints 

(Crocetti et al., 2011) 

The overall stabilisation system of an entire timber frame building works as 

shown in Figure 5. The facade is subjected to distributed wind loading. 

Thus, the sheathing of the facade is loaded as a lateral wall perpendicular to 

its plane. The horizontal forces are transmitted to the studs of the timber 

frame and from there to the top and bottom rails by bending. Through the 

continuous connection of the top rail of the wall to the edge beam of the 

flooring the forces are transmitted as line loads to the rigid floor diaphragm. 

From there the forces are taken by the top rails of the shear walls (in-plane 

with wind loading), which are also continuously connected to the flooring. 

The fully anchored shear walls finally transfer compression (trailing stud), 

tension (leading stud) and shear forces (bottom rail) to the substrate (Kessel, 

2010). 

In multi-storey timber frame buildings the entire force transmission process 

takes place from storey to storey, adding more and more horizontal and 

vertical loading the higher the building gets. Due to the low dead load of 

timber buildings uplift forces can take on critical dimensions, in the worst 

case causing the storeys to separate from each other or the whole building to 
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tilt. Therefore, the connections between the different storeys as well as the 

anchorage to the substrate have to be designed efficiently enough for high 

forces and long-term loading (Vessby, 2011).  

Besides the issues connected to horizontal stabilisation, the conflicts 

between the requirement of a high acoustic performance, architectural 

demands and an economical building stabilisation have to be solved. For 

example, horizontal floor diaphragms are disconnected at flat-separating 

double walls to prevent flanking transmission, which is completely contrary 

to the need of continuity in the floor diaphragm for efficient horizontal 

stabilisation (Thelandersson, 2003).  

 
Figure 5. Principle of the transmisson of horizontal loads from a lateral wall to a shear wall 

(Kessel, 2010). 

 

2.2 Prefabricated industrialised production 

Panel as well as modular timber building systems, as referred to in chapter 

2.1, consist of prefabricated plane or volumetric elements that are assembled 

on site. A major part of their production takes place in factories in an 

industrialised manufacturing process. Requirements that have to be met for 

prefabrication in the construction sector are, amongst others, light materials, 

sizes of elements that are still convenient for transportation and assembly 

and an adequate joining technology (Gildemeister, 2004). Thus, timber 

constructions can be considered as qualified for a prefabricated production. 

In case of plane timber frame elements the degree of prefabrication differs 

from company to company. It depends on the available production space, the 
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existing production facilities and the planning capacities of a company, if 

and to which level it prefabricates. An example for the layer composition of 

an exterior wall element based on a light-frame timber construction is shown 

in Figure 6. A wall element can be prefabricated up to the shown degree of 

completion, including the timber frame, installations, insulation, sheathing, 

facade material and even windows. Many companies deliver elements in this 

state of construction, others choose to shift a larger part of the work to the 

site. Also, interior wall and floor elements can be prefabricated with or 

without sheathing on one or on both sides as well as included or excluded 

installations and insulation.  

The size of timber frame elements is normally limited to around 10 m in 

length due to transportation and fabrication issues. The width of floor 

elements ranges from 1,25 to 2,5 m (Moro et al., 2009), the height of wall 

elements depends on the height of the rooms.  

The development of a prefabrication process similar to industrialised 

manufacturing is in contrary to the high degree of uniqueness that is 

 
Figure 6. Example for layer composition of an exterior timber frame wall, see Crocetti et al., 

2011. 
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predominant in the construction industry. Nevertheless, prefabrication today 

is well established in the vast majority of the timber building companies and 

offers several advantages, see Johnsson, Meiling, 2009: 

- The control and successively improvement of quality aspects can be 

handled in a more structured way, thus, in the best case, lowering the 

frequency and severity of defects. 

- Due to the standardized operation method, efficiency can be increased, 

which leads to reduced production times. 

- A dry working environment allows a higher precision, independency 

from the weather and the best possible prevention of swelling and 

shrinking. 

In the end, these factors can cause a reduction of product and production 

costs, thus improving the company’s profit. Another development that is just 

beginning to establish in building industry is the one of lean production 

principles. Even though the traditional construction project culture is still 

predominant, the implementation of e.g. error proofing or a stable and 

permanent work organization can be advantageous and is striven for by 

more and more companies (Höök, Stehn, 2008). 

 

2.3 Inter-component connections 

Prefabricated timber frame elements are assembled and thus connected to 

each other and to the foundation on the building site. The inter-component 

connections need to fulfil several functional requirements, see Crocetti et al., 

2011: 

- Fire resistance: Fire protection is especially a matter in multi-family 

houses and non-residential buildings. Therefore, small wooden pieces 

and connectors of steel need to be covered by means of plaster board or 

other non-combustible materials. 

- Heat insulation: As the demands on energy efficiency are rising, the 

thickness of exterior wall and roof elements increases due to the 

thickness of the insulation material. Wall-to-wall, flooring-to-wall/wall-

to-flooring and roof-to-wall connections have to be designed in a way 

that provides high air tightness and avoids thermal bridges. 

- Horizontal and vertical load-carrying capacity: Vertical loads act on 

all parts of a building. Especially in the wall-to-flooring as well as 

flooring-to-wall connections (case of platform framing) large vertical 

loads perpendicular to the grain have to be considered. Horizontal loads 

have a strong influence on the roof-to-wall wall-to-flooring/flooring-to-

wall and wall-to-substrate connections, causing shear and uplift forces, 

at times considerably large, that have to be taken care of (see also 

chapter 2.1).  
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- Serviceability: In contradiction to the acoustic demands and similar to 

the required bearing capacity, stiff flooring-to-wall and wall-to-flooring 

connections are needed to reduce the displacement of horizontal 

elements like floors or roofs. 

- Sound insulation: Sound insulation not only concerns the acoustic 

protection against sounds in the outer environment but also against 

airborne, structure-borne and footfall sound from adjacent rooms. Loose 

flooring-to-wall and wall-to-flooring connections or vibration damping 

materials improve acoustic performance but decrease the structural 

stiffness. Thus, the conflict between the requirements of force transfer 

and sound insulation has to be considered. 

- Vapour barrier: In the optimal case the moisture barrier is continuous 

in all exterior wall and roof elements. Thus, solutions have to be found 

to integrate the vapour barrier in the connecting points. 

In this work the focus will be on the horizontal and vertical load-carrying 

capacities of inter-component connections. The load transfer is the major 

task the elements have to fulfil since it is essential for the stabilisation of a 

building. It has to be taken care of before the other requirements can be met, 

thus it can be considered the most important issue of the mentioned above.  

As the main load-bearing connections the following ones have been 

identified (see Figure 7): 

- Roof-to-wall 

- Wall-to-flooring/flooring-to-wall 

- Wall-to-wall 

- Wall-to-substrate 

For the overall stabilisation of a building these connections play an 

important role since they form its load-bearing envelope. Also, the load-

bearing interior walls have been included in the examinations because they 

contribute significantly to the entire load transfer from building top to 

bottom.  
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Figure 7. Critical connection points identified 

To get an impression of the dimensions of the loads that have to be 

transferred to the substrate, the forces originating only from the dead load of 

a typical single family building have been added up and are illustrated in 

Figure 8. The ground plans of the first and second storey of the underlying 

building are presented in Figure 9 and Figure 10. In Appendix 1 further 

information concerning the calculation of the dead loads can be found. 
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Figure 8. Dead load of a building transferred to the substrate 

To simplify the calculations some estimations and assumptions had to be 

made (see Appendix 1). The most important assumption is that the loads of 

flooring and roof are solely transferred to the long side walls and not to the 

gable walls. Since more complex calculations and exact static analysis 

would be needed to figure out the (relatively small) percentage of the loads 

that is transferred to the gable walls, the subdivision of the forces has not 

taken place. This is also assuring a calculation on the safe side, because the 

long side walls are subjected to the main part of the loads in either case. 

Furthermore, the wall parts including openings in the first storey are 

assumed not to carry any loads. The loads from the storey above are divided 

into two point loads, one on each side of the opening.  

 
Figure 9. Ground plan first storey 
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Figure 8 shows, that loads up to 10,5 kN/m have to be expected at the 

bottom of a wall element in the first storey. Additionally, point loads of up 

to 5,5 kN can act on certain spots. Especially the wall-to-substrate 

connections but also every other load-bearing connection from the top to the 

bottom of a building have to be designed sufficiently to transmit these loads. 

Besides this, it has to be kept in mind that horizontal forces from wind 

loading are also acting on a building, causing considerable loads in addition, 

although with substantially shorter duration (see chapter 2.1).  

Focusing on their load-bearing capacities, the different inter-component 

connection types are distinguished and described according to their force 

transmission functions in Table 1 and Table 2. Also, examples for 

construction possibilities are given (see also Svenskt Trä, 2008). 

 
Figure 10. Ground plan second storey 
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Table 1. Functions of inter-component connections - wall-to-substrate and wall-to-wall 

Wall-to-substrate 

Vertical loads, both compression 

and tension, as well as horizontal 

loads have to be transferred from 

the wall element to the 

foundation. The connections 

prevent the wall elements from 

sliding, uplifting and overturning. 

 
(1) Horizontal batten 

(2) Insulation 

(3) Wall studs (e.g. light beams 45 × 

220 mm, center distance ≤ 600 

mm) 

(4) Vapour barrier 

(5) Interior sheathing 

(6) Rail, fastened to the substrate by 

means of expanding screws, the 

wall studs are installed on the 

rail 

(7) Insulation of rail 

 

Wall-to-wall 

Vertical as well as horizontal 

loads have to be transferred from 

wall to wall. The walls have to be 

prevented from sliding, uplifting 

and overturning. 

 
(1) Corner board 

(2) Corner board 

(3) Nail batten (e.g. 34 × 70 mm) 

(4) Gypsum board 

(5) Spax screw 

(6) Band 

(7) Insulation 

(8) Vertical stud (e.g. 45 × 195 mm, 

center distance ≤ 600 mm) 

(9) Vapour barrier 

(10) Interior sheathing 
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Table 2. Functions of inter-component connections - wall-to-flooring/flooring-to-wall and roof-

to-wall 

Wall-to-flooring/Flooring-to-

wall 

Forces in two perpendicular 

directions in the plane of the floor 

as well as in two perpendicular 

directions in the plane of the wall 

have to be transferred. The 

flooring has to be prevented from 

sliding and deflection, the walls 

have to be prevented from sliding, 

uplifting and overturning. 

 
(1) Horizontal batten (e.g. 45 × 45 mm) 

(2) Wind protection 

(3) Bottom rail of upper wall (e.g. 45 × 

145 mm), nailed to edge beam and 

floor joists 

(4) Edge beam, installed before floor 

joists, nailed to top rail of lower wall 

(5) Top rail of lower wall (e.g. 45 × 145 

mm) 

(6) Insulation inbetween vertical studs 

(e.g. 45 × 145 mm, center distance ≤ 

600 mm) 

(7) Interior sheathing 

(8) Vapour barrier 

(9) Nogging piece 

(10) Floor joist, nailed to margin board 

and top rail of lower wall 

Roof-to-wall 

Vertical and horizontal loads have 

to be transferred. The roof has to 

be prevented from sliding and 

uplifting. 

 
(1) Slab 

(2) Protective grid 

(3) Exterior sheathing 

(4) Exterior sheathing 

(5) Wind protection 

(6) Nogging piece 

(7) Top rail of wall, connected to truss by 

means of brackets 

(8) Wind protection 

(9) Insulation 

(10) Vapour barrier 

(11) Interior sheathing 
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3 Alternative solutions of inter-component load-bearing 

connections 

In timber building industry the degree of standardisation concerning inter-

component connector systems is relatively low. Due to the fact that building 

design is project-based, connector solutions differ not only between different 

companies but even within the same company. In this chapter the connector 

solutions regarding load-bearing wall-to-substrate, wall-to-wall, flooring-to-

wall/wall-to-flooring and roof-to-wall joints of three different timber 

building companies are described. The investigated companies originate 

from the sector of small and medium sized enterprises and mainly produce 

timber frame buildings based on prefabricated planar elements for single-

family houses (up to two storeys). The houses are constructed according to 

the so called platform framing in which the flooring between two storeys is 

laid on top of the lower walls instead of being attached from the inside to a 

continuous wall element. The present examinations focus on the standard 

solutions used by the chosen companies. Special connector designs that are 

applied only in exceptional cases are disregarded. In the appendix a table 

with an overview of all investigated connector solutions can be found. 

This report does not have the aim of evaluating the work of the investigated 

timber building companies but to collect and compare their applied solutions 

for inter-component connections in order to use them for further research. 

Due to this reason, the companies will be referred to as companies “A”, “B” 

and “C” in the following. 

 

3.1 Wall-to-substrate connections 

Load-bearing wall-to-substrate connections can be distinguished into 

connections between exterior and connections between load-bearing interior 

walls and the foundation. In the investigated companies three different 

solutions according to the connection between the exterior walls and the 

foundation have been identified:  

Two companies are using similar techniques, fastening the walls to the 

substrate by means of a timber rail. The rail is pre-assembled on site before 

the prefabricated elements are delivered and connected to it. While one of 

the two companies is using screws and plugs for the joint between the rail 

and the foundation the other one decided for nails with washers as fasteners. 

The third company fastens the prefabricated walls directly to the foundation 

by means of pre-installed metal brackets.  

In Figure 11 (a) the wall-to-substrate standard connection of company A is 

shown. The pre-installed rail (45 × 120 mm) is fastened to the foundation by 

means of screws and plugs with a minimum length of 100 mm, predrilled 
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bores of 10 mm in diameter and a centre distance of 2400 mm. An example 

of an appropriate fastener is the plastic frame anchor HRD-UGT 10 × 120 

with a pullout resistance of 1,8 kN and a shear resistance of 2 kN. The 

interior part of the bottom rail of the prefabricated wall elements (45 × 60 

mm) is then connected to the assembled rail. Steel nails 125 × 4,0 mm with a 

centre distance of 600 mm are used for this purpose. 

Figure 11 (b) shows the connector system used by company B. For the 

fastening of the rail (45 × 95 mm) nails of the type Hilti NK 72 S12 

(diameter 3,7 mm, with washers of 12 mm in diameter) with a centre 

distance of 600 mm are used. Their pullout resistance ranges from 0,4 to 1,3 

kN, their shear resistance from 0,7 to 1,3 kN, depending on the type of 

concrete and the embedment length of the nails. The bottom rail is 

connected to the pre-assembled rail by means of screws 120 × 6,0 mm 

(ABC-SPAX) with a centre distance of 2400 mm. 

 
Figure 11. Wall-to-substrate connections – (a) company A, (b) company B and (c) company C 

(schematic drawings) 
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Figure 12. Wall-to-substrate connection of company C – on-site fotographs of (a) the 

preinstalled metal brackets, (b) the wall elements connected to the brackets and (c) the fastening 

of the metal brackets to the wall elements 

Company C works with a different technique, not using a pre-installed rail 

but instead fastening the wall elements by means of pre-assembled metal 

brackets, see Figure 11 (c) and Figure 12. The reasons for that are, according 

to its own account, the absent need of moisture protection after the assembly 

of the rail (the rail assembly takes too much time to do it right before the 

assembly of the wall elements and thus has to be done at least a day before) 

and the faster assembly of the wall elements right after each other.  
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The brackets (160 × 30 × 3,0 × 100 mm) are pre-installed on the foundation 

with a maximum centre distance of 1400 mm, depending on the arrangement 

of the walls. Each one is fastened to the concrete with two steel nails 30 × 

3,0 mm or special nails with cap 60 × 6,0 mm (“hemaspik”) for Leca 

concrete. With the aid of a crane the wall elements are fitted into the 

brackets and connected to them by means of two nails, each with the 

dimensions 100 × 3,4 mm.  

The solutions for the fastening of the load-bearing interior walls to the 

substrate resemble each other in all three companies. In each case a rail or 

the bottom rail of the wall element is connected to the foundation by means 

of nails or screws. The basic principles are shown in Figure 13. Still, some 

differences can be identified in the way of assembly or the degree of 

prefabrication.  

 
Figure 13. Load-bearing interior wall-to-substrate connections – (a) companies A and B and  (b) 

company C (schematic drawings) 

The prefabricated part of the load-bearing interior walls of company A 

consists of the timber frame and sheathing on one side of the wall. The 

sheathing on the other side is completed on site so that the frame can be 

reached for assembly. The bottom rail of the wall (45 × 95 mm) is directly 

(only vapour barrier in between) connected to the concrete by means of nails 

125 × 4,0 mm with a centre distance of 600 mm (see Figure 13 (a)).  

In almost the same manner company B fastens the load-bearing interior 

walls to the substrate. The only distinction is in the degree of prefabrication 

as this company only delivers the uncovered timber frame to the site. 
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Company C works with a slightly different technique, using a pre-assembled 

rail 22 × 95-120 mm fastened with screws and plugs (no specifications) to 

which the wall elements are connected on site, see Figure 13 (b). The 

connection is achieved with nails in irregular distances. 

 

3.1.1 Discussion 

Concerning the exterior wall-to-substrate connections, the solutions of 

companies A and B differ remarkably from the one of company C. While the 

first two companies use nearly centric preassembled rails to fasten the wall 

elements to the substrate, company C connects the walls to the foundation 

by means of metal brackets that are fastened to the wall elements 

eccentrically.  

The latter connector type has the advantage of a lower dependency on the 

weather during the preparation and assembly of the wall elements. The metal 

connectors do not need to be protected against moisture and can be fastened 

to the substrate any time before the wall elements have to be fixed to them. 

This results in a higher flexibility and a lower work load for the companies. 

Nevertheless, the connector solution used by company C has to be seen 

critically. Vertical tension and compression forces as well as horizontal 

forces are transferred to the substrate eccentrically which leads to the 

development of moment loads (see Figure 14). The main part of the load 

transfer takes place on the interior side of the wall elements, which can 

cause different effects: 

- The wooden members as well as the metal bracket on the interior side of 

the wall elements are exposed to high forces because the load transfer is 

concentrated in this point. In contrast, the loads that are transferred to the 

exterior side of the walls can be considered relatively low. The structural 

members on the interior side of the walls thus wear off in a stronger way 

and possess a higher possibility of failure. This could lead to the 

necessity of exchanging them or of assembling complex supporting 

constructions. 

- The moment load increases the walls’ tendency to tilt. Even though the 

dead load of the building is working against this effect the connector 

systems have to provide a higher resistance against tilting. Since the 

connectors only consist of thin metal plates fastened to the substrate by 

means of relatively short nails (minimum 30 mm), reasonable doubts can 

arise concerning the fitness of the connector system for this function. 

- Due to the horizontal loads acting on the building, uplift forces develop 

at the bottom of the wall elements (see chapter 2.1). The thin metal 

connectors and the short nails, which fasten them to the substrate, have 

to prevent the walls from uplifting. Since the connectors are only used 

for single-family houses with a maximum height of two storeys, in 

which the uplift forces do normally not exceed the dead loads, the 
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danger of severe damage is relatively low. Nevertheless the connections 

have to be calculated precisely for the case of pulling out the nails out of 

the concrete or a too high deformation of the metal brackets. 

In the connector solutions of companies A and B the loads are transferred 

centrically to the substrate by means of a timber rail fastened to the concrete 

with screws and plugs (company A) or nails with washers (company B). 

Concerning possibly developing moment loads the connection to the 

foundation holds no severe problems since these loads can be considered 

relatively small. In contrast, the pullout resistances of the fasteners are, 

according to the manufacturers, not higher than 2 kN and the fasteners are 

assembled at relatively high distances. In the case of more complicated 

building geometries, for which the uplift forces can exceed the dead load, 

improved solutions could be necessary. Problems can also occur because of 

the fastening of the wall elements to the rail only from the interior side.  A 

major part of the load transfer is again directed to one side of the wall, 

causing a higher loading and abrasion in this part of the elements. Another 

issue that has to be considered is the possible swelling of the pre-assembled 

rails before the wall elements can be fixed to them. Since the bottom rails of 

the wall elements are split up in two parts and fitted to the rails, a large 

expansion of the rails due to moisture can cause problems in the assembly of 

the walls. 

 
Figure 14. Development of moment loads due to an eccentric connection by means of metal 

brackets (Holzbau Deutschland, 2010) 

The solutions for the interior wall-to-substrate connections resemble each 

other in the main points. Also, these connections are solved very simply due 

to the fact that interior load bearing walls are not exposed to horizontal or 

uplift forces of the size that have to be considered for exterior wall elements. 

Thus, normal nails or screws are driven into the bottom rails or rails 

centrically in order to fasten them to the substrate. The solution of company 

C, in which a rail is used as a connector piece between the bottom rail of the 

walls and the substrate, can be assumed slightly more thought-out since the 

rail can be pre-installed very exact and thus allows a more precise assembly 
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of the interior wall elements. Also, in this way the fastening of the rail by 

means of screws and plugs instead of nails is possible, which leads to a 

higher pullout resistance.  

 

3.2 Wall-to-wall connections 

Wall-to-wall connections occur either as joints between two prefabricated 

elements in one plane or as corner joints. All three investigated companies 

solve the wall-to-wall connections in a slightly different way: 

 
Figure 15. In-plane joints wall-to-wall of company A – (a) first and (b) second alternative 

(schematic drawings) 

Company A offers two different alternatives for the in-plane joints between 

two wall elements, depending on the facade system installed on the wall 

elements, see Figure 15. In the first alternative the studs are fastened to each 

other from the interior side of the wall by means of vertical nails 100 × 3,4 

mm in an angle with a centre distance of 600 mm along the height of the 

wall, see Figure 15 (a). On the exterior side of the wall the studs are fastened 

to each other by means of wedge locks, installed in factory, that are locked 

on site, causing the need of completing the facade on site. For this reason 

this system can only be applied for vertical panel facades, in which one 

panel can be assembled after having connected the wall elements.  

In the second alternative the wedge lock cannot be used due to e.g. a 

horizontal panel facade on the wall elements. Hence, the studs are connected 

from the interior side of the walls by means of double screws 12 × 120 mm 

with washers 13 × 24 × 2,5 mm. Therefore holes with a diameter of 8 mm 

are predrilled (Figure 15 (b)).  

For the outer corners the stud of one wall is fastened to a board in the 

adjacent wall from the inside by means of vertical nails 125 × 4,0 mm in an 

angle with a centre distance of 1200 mm. On the exterior side of the 

connection in factory installed and on-site locked wedge locks are applied, 

see Figure 16 (a).  

Due the fact that the wedge locks can only be used appropriately for an outer 

corner, company A developed a different solution for inner corners. From 

the inside the studs are fastened to each other by means of vertical nails 125 

× 4,0 mm in an angle with a centre distance of 1200 mm (Figure 16 (b)).  
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Figure 16. Corner joints wall-to-wall company A – outer (a) and inner (b) corner (schematic 

drawings) 

Nail plates of the dimension 50 × 100 mm are fixed on top of the walls 

across all wall-to-wall joints of company A. Also, in each case parts of the 

OSB-sheathing and plasterboard on the inside of the walls are installed on 

site in order to be able to reach the studs. 

Company B uses vertical screws 100 × 6,0 mm in an angle with a centre 

distance of 400 mm for the in-plane joints of the elements, see Figure 17 (a). 

The screws are fastened from the inside of the walls, therefore completing 

parts of the sheathing after that on site, see Figure 18. In contrast to 

company A no other fasteners are applied.  

 
Figure 17. Wall-to-wall connections company B – (a) in-plane joint, (b) outer corner and (c) 

inner corner (schematic drawings) 
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Figure 18. In-plane wall-to-wall joint – sheathing has to be completed on site 

 
Figure 19. Inner corner connection of company C - nails are driven into the studs from the 

exterior side 
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The same screws are also used to connect two wall elements at an inner or 

outer corner. They are arranged as presented in Figure 17 (b) and (c) with a 

centre distance of 400 mm. For the fastening of the elements to each other 

additional studs are installed in the walls. The interior sheathing is 

assembled on site, including angle steels 50 × 50 mm with a length of 2385 

mm at the inside of the outer corner connections.  

In company C all three wall connections, the in-plane joint as well as the 

two corner joints, are fastened by means of nails, see Figure 20. The main 

difference to the previous solutions is that the nails are not driven into the 

walls from the interior side but from the exterior one (Figure 19). The nails 

connect the walls to each other through battens that are fixed to one of the 

two joining elements. Normally nails of 60 × 2,3 mm with a centre distance 

of 300 mm are used (Figure 20 (a), (c), (e) and (f)). Exceptions are the in-

plane and exterior corner joints of wall elements with a horizontal panel 

facade, see Figure 20 (b) and (d). The nails have to be driven through the 

panels of the facade additionally and thus have to be longer (100 × 3,4 mm). 

 
Figure 20. Wall-to-wall connections company C – (a)/(b) in-plane joints, (c)/(d) outer corners 

and (e)/(f) inner corners, (b), (d) and (f) show elements with a horizontal panel facade 

(schematic drawings) 
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3.2.1 Discussion 

For the force transmission capacity between the different wall elements 

within one storey it is important to assure tight and stiff wall-to-wall 

connections. A connector solution for in-plane joints as applied by company 

A, in which the wall elements are fastened to each other on both the exterior 

as well as the interior side, fulfils these demands in a good way. The wedge 

locks on the exterior side of the walls support the closing of the gap between 

two wall elements during assembly. The nails that are driven into the studs 

in different angles from the interior side lead to the required stiffness. Due to 

the fact that the walls are connected in these two axes the development of 

moment loads that could lead to one-sided abrasion is less probable. Also, in 

this way shear forces can be transferred sufficiently. 

Still, there are possibilities for improvement for the connector solution of 

company A. The stiffness shear capacity of the connection could be 

increased slightly if the interior sides of the studs would be fastened to each 

other by means of screws instead of nails. This would also simplify the 

assembly since electric drills could be used. Furthermore, the wedge locks 

cause difficulties concerning the prefabrication of the walls. The facade 

cannot be completed before the exterior connection of the wall elements is 

finished. Thus, all facade systems except from vertical panel facades cannot 

be prefabricated but have to be constructed on site unless an alternative 

solution is provided. This alternative solution of company A, consisting of 

double screws and washers driven into predrilled holes, has two 

disadvantages: On the one hand, the spots, in which the holes should be 

predrilled and the screws should be driven into the studs according to the 

drawings (see Figure 15 (b)), cannot be reached easily, which complicates 

the assembly. On the other hand, the connection is now achieved in only 

one, eccentric axis, since a more centric connection cannot be designed. This 

decreases the stiffness of the connection and can cause the development of 

moment loads. 

In contrast to the solutions for in-plane joints of company A the ones of 

companies B and C even lack the attempt of designing a centric or both-

sided connection that would provide a better shear capacity. Company B 

uses screws that are driven into the studs of the wall elements in different 

angles from the inside. The use of screws is an advantage compared to the 

interior wall-to-wall connection of company A but the fact that no other 

fasteners are applied leads to the already mentioned problems of partial 

abrasion, insufficient shear transmission and moment load development.  

The connection of company C has to be seen the most critical. Not only are 

the walls fastened to each other eccentrically but also is the connector 

system located on the exterior side of the elements. This leads to an indirect 

connection since the applied nails are driven through pre-installed timber 

battens and, for horizontal panel facades, also through the panels of the 

facade before they enter the studs. The comparable connections of 
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companies A and B on the interior side of the wall elements are assembled 

before the sheathing is completed in the joint area and thus can be described 

as direct. The force transmission capacity of the connection of company C 

decreases due to the lowered embedment length of the nails in the studs. 

Additionally, the nails that are used by company C are in most cases 40% 

shorter than the screws or nails used by the other companies, which is 

decreasing the embedment length. In the special case of company C, the 

connection of the wall elements only from the exterior side has another 

remarkable disadvantage: since the connection to the substrate is located on 

the interior side of the walls (see chapter 3.1.1) the loads are forced to “take 

long ways” through the cross section of the walls, which is commonly seen 

critically. 

The outer corner connection of company A is, similar to the in-plane joint 

solution, designed by means of nails in an angle on the interior side of the 

wall elements and wedge locks on the exterior side. For the fastening of the 

nails from the interior side an additional board has to be installed in one of 

the adjacent elements. This should not be a problem as long as the planning 

processes in the company are working correctly. The whole connection 

follows the same principle as the in-plane wall-to-wall connection of 

company A and therefore holds the same advantages and drawbacks (see 

above).  

Since the wedge locks cannot be applied in a reasonable way on the exterior 

side of an inner corner connection, the wall elements in these connections of 

company A are fastened to each other only from the interior side by means 

of nails in different angles. While all other wall-to-wall connections of 

company A are designed as centrically as possible, this one increases the 

possibility of one-sided abrasion and developing moment loads. Increased 

performance could be obtained in a centric or both-sided connection. 

Company B also connects the wall elements at an outer corner from both, 

the exterior as well as the interior side and, again, uses screws for this 

purpose. In this way, a sufficient stiffness and shear capacity can be 

achieved. Nevertheless, the fastening on the exterior side seems questionable 

since the studs that are connected to each other cannot be reached without 

removing (or not even prefabricating) large parts of the facade. Another 

disadvantage results from the additional studs that are installed for the 

interior joint. They help assuring the required stiffness and stability of the 

connection but also form a thermal bridge that decreases the heat insulation 

capacity of the walls. 

In the inner corner connection of company B this large amount of additional 

studs can also be found. However, in comparison to the other two inner 

corner connections the one of company B can be seen the most positive. 

Screws with relatively high pullout and shear capacities are used in two axes 

of the joint to fasten the wall elements to each other. The connection is not 



 

 

 

 

29 

exactly centric but at least it is fastened not only on the interior side of the 

walls but also in the centre of the joint. A drawback of the connection is its 

practicability since the screws in the centre of the joint cannot be applied 

without larger efforts. Not only the inner sheathing but also parts of the 

insulation have to be completed on site to fasten the studs to each other. 

The outer and inner corner connections of company C are again fastened 

only from the exterior side of the walls and also, the same relatively short 

nails as in the in-plane wall-to-wall connections are used. The problems that 

are resulting from this have been discussed previously (see above). 

 

3.3 Flooring-to-wall/wall-to-flooring connections 

In this section primarily the connections between the exterior walls and the 

intermediate flooring are discussed. Concerning these connections two parts 

have to be examined: the fastening of the bottom side of the flooring to the 

lower wall (flooring-to-wall) and the joint between the upper wall and the 

intermediate floor (wall-to-flooring).  

Connections between the interior walls and the flooring also have to be 

distinguished in these two types. The difference is that wall-to-flooring and 

flooring-to-wall connections do not necessarily have to be in the same 

vertical axis in the latter case. Furthermore, the forces that have to be 

transferred by these connections are mainly restricted to vertical loads. This 

is the reason why the interior wall-to-flooring and flooring-to-wall 

connections in all companies are simply solved by means of single nails 

connecting the top and bottom rails of the walls to the joists of the flooring. 

Since no special connector designs could be found, these connections will 

not be included in further examinations. 

Similar to the wall-to-substrate connections the solutions for the flooring-to-

wall and wall-to-flooring connections of companies A and B for exterior 

walls resemble each other in many ways. Both companies again use pre-

installed timber rails to which the upper exterior wall elements are fastened 

(wall-to-flooring connection). The connection to the lower exterior wall 

elements (flooring-to-wall connection) is solved by means of angular nails 

fastening the edge beam of the flooring to the top rail of the wall. Since 

company C is not working with preassembled rails, the wall-to-flooring 

connections are designed in a different way, using nails driven into the 

timber members of walls and flooring from the inside or outside of the 

building. 

The entire point of connection of an intermediate floor to the exterior walls 

of a building, as designed by company A, can be seen in Figure 21 (a). First, 

the edge beam of the flooring is fastened to the already built up lower wall 

elements by means of diagonal nails 125 × 4,0 mm in dimension at a centre 
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distance of 600 mm. Then a rail 45 × 120 mm is assembled on the flooring 

by means of two nails 100 × 3,4 mm at a time with a centre distance of 600 

mm. The upper wall elements are finally connected to the rail by means of 

nails 125 × 4,0 mm with a centre distance of 600 mm, driven into the bottom 

rail of the walls from the inside. 

The connector solution of company B differs from the one of company A 

only in details, see Figure 21 (b). The edge beam of the flooring is connected 

to the top rail of the lower wall by means of diagonal nails 100 × 3,4 mm 

with a centre distance of 600 mm. The same nails and the same centre 

distance are used to fasten the rail to the flooring. The upper wall elements 

are then assembled to the rail from the inside. Therefore, screws 120 × 6,0 

mm with a centre distance of 2400 mm are used. 

 
Figure 21. Wall-to-flooring/flooring-to-wall connections – (a) company A and (b) company B 

(schematic drawings) 

Company C does not deliver pre-fabricated floor elements to the site but 

builds up the entire flooring on-site, using pre-cut joists and sheathing. For 

this reason, the wall-to-flooring and flooring-to-wall connections of 

company C will not be included in further discussions.  

 

3.3.1 Discussion 

Although the solutions for the wall-to-flooring and flooring-to-wall 

connections of companies A and B resemble each other to a large extend, 

some differences can be found that have an influence on their force 

transmission capacities. In both companies the flooring-to-wall connections 

are designed by means of nails driven into the edge beam of the flooring and 

the top rail of the wall elements diagonally from the exterior side. The use of 

nails is not the ideal solution in this case since the loads that have to be 
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transferred are not only vertical compression forces but also horizontal loads 

as well as uplift forces. Screws with a higher pullout and shear resistance 

would improve the force transmission capacity of the connection. 

Additionally, a second fastener on the interior side of the connection would 

contribute not only to a more centric transmission of vertical and horizontal 

forces but also to a reduction of the flooring’s deflection. 

The fastening of the timber rail to the sheathing of the floor elements is 

solved in both cases by means of nails. Company A uses two nails at a time 

with a centre distance of 600 mm, company B uses only one nail with the 

same centre distance. Since the assembled rail of company B has smaller 

dimensions as the one of company A, the danger of a splitting of the timber 

is higher. Thus, the use of only one nail at a time can be seen as reasonable. 

Nevertheless, also in this case uplift forces and horizontal loads have to be 

taken into account. A better quality of the connection could again be 

achieved through the use of screws instead of nails. This is even more 

important considering that the rail is only connected to a thin layer of 

sheathing that separates the rail from the insulation material. 

The same principle is valid for the fastening of the bottom rail of the upper 

wall elements to the pre-installed rails. Company B connects the two timber 

members by means of screws instead of nails while company A still uses 

nails for this purpose. Even though the withdrawal of the nails is less 

probable in this case, the screws assure a higher stiffness, which is an 

advantage for the force transmission capacity. 

 

3.4 Roof-to-wall connections  

In the roof-to-wall connections, the joints between the trusses and the top 

rails of the subjacent exterior walls have been investigated. The roof 

constructions included in the examinations are restricted to gable end roofs 

based on nail plate trusses. All three companies use metal brackets to fasten 

the nail plate trusses to the top rail of the wall elements. Especially the 

solutions of the companies A and C resemble each other since both 

companies assemble the brackets in the middle of the top rails, see Figure 22 

(a). Company A uses metal brackets 60 × 80 × 2,5 × 60 mm for the fastening 

of the trusses. There are no specifications made concerning the nails or 

screws that fasten the brackets to the timber members. The brackets used by 

company C have the dimensions 90 × 35 × 2,5 × 40 mm. They are fastened 

to the trusses by means of four shank nails 40 × 4,0 mm and to the wall 

elements by means of one double screw 8 × 50 mm. In the solution of 

company B the brackets 60 × 80 × 2,5 × 60 mm are assembled eccentrically 

on the interior side of the top rails, fastened to the trusses by means of three 

nails 35 × 4,0 mm and to the wall elements by means of six nails 60 × 4,0 

mm (Figure 22 (b)). 
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Figure 22. Roof-to-wall connections – (a) company A and C and (b) company B (schematic 

drawings) 

 

3.4.1 Discussion 

As the fastening of the metal brackets to the trusses and wall elements is not 

specified for the roof-to-wall connection of company A, the following 

discussion will focus on the solutions of companies B and C.  

Nail plate trusses are light and fragile constructions that can primarily 

transfer in-plane loads but are very instable concerning horizontal loads 

acting on the gable walls. They can be economically advantageous 

alternatives to conventional couple roof constructions but have to be 

stabilised perpendicular to their plane (Haupts, 2011). For the force transfer 

of vertical as well as horizontal in-plane loads the solution with metal 

brackets applied by all three companies can be seen as appropriate. In 

company C, a sufficient force transmission and shear capacity is achieved by 

means of shank nails for the fastening to the timber trusses and double 

screws for the connection with the wall elements. Company B, in contrast, 

uses normal nails as fasteners but also chooses metal brackets with larger 

dimensions and a higher number of fasteners in each part of the connection 

as compensation. Problems could arise because the connections are located 

in relatively small singular spots. A better distribution of the force transfer 

could be achieved by installing metal brackets on both the exterior as well as 

the interior side of the roof-to-wall joint. Even though company B uses 

wider metal brackets that contribute in a better way to an extensive force 

transmission, it has to be seen critically that the brackets are located not in 

the middle of the wall elements but on their interior side. As already 

discussed for other connections, this eccentric arrangement could lead to the 

development of moment loads and one-sided abrasion.  

For the stabilisation and force transmission perpendicular to the plane of the 

nail plate trusses the sheathing and, if existing, the roof battens are used, see 

Figure 23. Additionally, edge beams are often installed that not only 

determine the distances between the trusses but also contribute to a certain 

degree to the horizontal stabilisation. In common, there are no other 
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stabilising constructions, like for example purlins or perpendicular timber 

frameworks, provided for the case of single family houses. Due to this fact, 

the connections of the nail plate trusses to the wall elements have to be 

capable of transferring perpendicular horizontal loads. Since also uplift 

forces can develop, a sufficient pullout resistance of the fasteners is 

required. The connector solution of company C assures such a resistance by 

means of the double screws that are used to fasten the metal brackets to the 

wall elements. Also, the use of shank nails instead of normal nails can be 

considered reasonable. On the contrary, the choice of normal nails as 

fasteners, as described for company B, should be subject to further 

examinations since their pullout resistance could not be sufficient, even 

though a larger number of fasteners is used.  

 
Figure 23. Nail plate trusses covered and stabilised by timber sheathing – on-site fotograph 
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4 Conclusion and outlook 

The discussions in chapter 3 point out that the solutions of the investigated 

companies for inter-component connections between prefabricated timber 

elements can differ significantly. Nevertheless, the loads that act on those 

connections and that have to be transferred between the elements and 

transmitted to the substrate stay the same. Thus, the connections have to 

provide comparable capacities for the transfer of horizontal and vertical 

loads.  

The most critical case in this context is the connection of the wall elements 

to the substrate (wall-to-substrate connection, see chapter 3.1). Due to the 

occurring uplift forces that result from wind loads acting on the building and 

against which the building has to be anchored, the pullout resistance of the 

applied fasteners has to be considered. The exact size of the developing 

tension forces depends on the wind load zone, in which the building is 

located, as well as the building’s geometry and roof structure. For a single-

family house with a maximum of two storeys uplift forces up to 15 kN can 

be reached. Since the dead load of a building is counteracting the uplift 

forces and, in general, the uplift forces are not exceeding the dead load in the 

case of a two-storey building, the fasteners are not exposed to high pullout 

forces. However, comparing the dead load calculated in chapter 2.3 as well 

as the capacities of the fasteners, as they are quoted by their manufacturers, 

with a concentrated uplift load of 15 kN, the results don’t lead to the picture 

of an undoubted stability. Two cases can be distinguished in this 

comparison: 

- First case: the uplift force is transferred to the substrate at an undefined 

spot along an long side wall, at the edge of a continuous shear wall that 

can be included in the calculations for force transmission (Figure 24 (a)). 

- Second case: the uplift force is transferred to the substrate in a corner of 

a building (Figure 24 (b)). 

It is estimated that one wall-to-substrate connection benefits from the dead 

load of a wall part of 1,2 m around it (0,6 m to each side). Also, the 

maximum dead load of 10,5 kN/m is assumed to be acting on the 

connection. In the first case, this leads to a load of 12,6 kN that contributes 

to the walls resistance against uplifting. The remaining tension force of 2,4 

kN has to be transferred by the fasteners. Neither the capacity of the screw 

and plug fastening of company A nor of the nails with washers used by 

company B reach this pullout resistance (for the connection of company C 

no capacity data could be found). Since especially company A is assembling 

the fasteners with way higher centre distances than 600 mm, it has to be 

assumed that the dead load of a much larger part of the wall can be included 

in the calculations. Also, the contribution of wall parts with openings to the 

building’s stabilisation has to be considered further. These thoughts gain 

even more importance concerning the second case, in which the lower dead 
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load of the gable walls (max. 4,3 kN/m) partly takes the place of the 

maximum dead load of 10,5 kN/m. Lastly, it also has to be borne in mind 

that the capacities published by the fasteners’ manufacturers do probably not 

reveal the real resistances of them in order to avoid juridicial conflicts. Thus, 

exact calculations would most likely lead to higher pullout resistances. 

 
Figure 24. Uplift forces and wall parts acting against them - (a) uplift force along long side wall 

and (b) uplift force in a corner of a building 

Nevertheless, comparable and sufficient high capacities especially for the 

fastening of the walls to the substrate of a timber building but also for the 

connections between the prefabricated elements should be aimed at. To 

assure these capacities a standardisation of the different connector solutions 

can be a helpful approach. This would not only simplify the calculation of 

timber buildings and the comparison of the different building companies but 

it would also increase the quality of the assembly of the prefabricated timber 
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elements. Since the production and assembly of timber buildings are in most 

cases not taken on by the same company, lacks of communication often lead 

to differences between the planed design and the actual execution. 

Especially the connections between the prefabricated elements are affected 

by this issue because they form a major part of the assembly of the timber 

structures on site. In critical cases inaccurate connections can decrease the 

force transmission capacities of a building to such an extent that severe 

damages are caused. Standardised solutions would reduce the need of 

communication and in this way improve the quality of the connections. 

The connector solutions for the different inter-component connections that 

have been investigated in chapter 3 all possess advantages as well as 

drawbacks. The following considerations should be an attempt to combine 

the discovered advantages, eliminate the drawbacks and develop solutions 

that have, at least concerning their force transmission capacities, the 

potential to be established on the market.  

For the wall-to-substrate connection the most important factor is its pullout 

resistance. A relatively high pullout resistance can be reached by means of 

tie rods, connected to the substrate with stud bolts and to the walls with 

shank nails, see Figure 25. However, the use of these connectors results in 

two problems that eliminate it as an optimal solution: The metal brackets are 

fastened to the walls eccentrically, which, again, causes the development of 

moment loads, and the sheathing has to be installed after the assembly of the 

fasteners, which lowers the extent of prefabrication.  

Another solution to provide a high resistance against uplifting is the use of 

stud bolts (Figure 26) or anchors/thread bolts for the fastening of the rail to 

the substrate. As long as a rail can be pre-installed and the wall elements can 

 
Figure 25. Wall-to-substrate connection by means of tie rods (Kessel, 2011). 
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be fastened to it afterwards, the assembly of stud bolts, including the pre-

drilling of a hole and the installation of the bolts and washers, should not 

involve larger problems. Stud bolts can also be retightened, which assures a 

high pullout resistance even in case of shrinking of the timber rail. Anchors 

or thread bolts can be encased in the concrete and fastened to the rails 

afterwards. Both solutions have the advantage of a centric connection of the 

rail to the substrate but also require the existence of a split bottom rail of the 

wall elements so that this can be fastened to the rail without the need of 

openings in the prefabricated walls. Also, the connection between the 

bottom rail and the rail has to be designed in a way that maintains the 

centricity and high force transmission capacity of the connection. For this 

purpose, shank nails or screws should be driven into the bottom rail and rail 

from both the interior as well as the exterior side. Since the facade is already 

installed on the prefabricated wall elements, solutions have to be found to 

assure the fastening from the exterior side without causing a too high effort 

or affecting the walls’ appearance. 

 
Figure 26. Assembled stud bolt (Centre Scientifique et Technique du Bâtiment, 2008) 

Since the importance and critical aspects of the remaining connections are 

less crucial, their improvement will only be discussed shortly in the 

following. For the wall-to-wall connections a sufficient shear capacity is 

required and tight connections should be achieved. The fastening of the wall 

elements to each other from both the interior as well as the exterior side, as 

realised by company A, is a good approach. However, for the connection on 

the interior side screws should always be preferred to nails because of their 

higher resistance against pullout. Also, a more practical solution should be 

found for the exterior fastening since the wedge locks are not applicable for 

all kinds of prefabricated facades. A connection with thread bolts, driven 

into the studs of the wall elements and fastened by means of screw nuts 

could be an alternative. However, the high degree of prefabrication of the 

wall elements results in new problems concerning the installation of such a 

solution. 

The critical aspect in the wall-to-flooring and flooring-to-wall connections 

are the occurring uplift forces. Especially the fastening of the bottom rail of 

the upper wall elements to only a thin layer of sheathing appears problematic 

in this context. A direct tensile connection between the bottom rail of the 

upper wall and the top rail of the lower wall by means of thread bolts or 

exterior metal plates could provide a solution, see Figure 27 (a) and (b). 
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However, the installation of thread bolts in this case precludes the 

prefabrication of the interior sheathing of the wall elements. Exterior metal 

plates, in contrast, do not allow an entire prefabrication of the facade. 

Furthermore, shrinking and settling of the timber construction can cause the 

need of retightening the fasteners or even ruin their force transmission 

capacities. Considering these issues, the investigated solutions in chapter 3.3 

could be more manageable alternatives, providing that the use of screws is 

again preferred to the one of nails. 

 
Figure 27. Wall-to-flooring/flooring-to-wall connections - (a) by means of thread bolts and (b) 

by means of exterior metal plates (Holzbau Deutschland, 2010) 

Concerning the roof-to-wall connection, the use of metal brackets in order to 

fasten the nail plate trusses to the wall elements is a common technique and 

can be seen as adequate, as long as the applied fasteners provide a sufficient 

high pullout and shear resistance. This has already been discussed in chapter 

3.4.1 and will not be treated further at this point. 

Overall, it has to be considered that next to the technical aspects also 

economical ones play an important role for the companies in the building 

industry. Costs and expenditure of time are factors that are always included 

in the search of optimal solutions. It should be subject to further 

investigations to compare the economical advantages of different connector 

solutions with their structural capacities and technical qualities.  

In order to find universally applicable connector solutions for multi-storey 

timber buildings, the investigated connections should be analysed more 

precisely concerning force transmission capacities as well as other structural 

and physical properties (see also chapter 2.3). In this context, also three-

dimensional approaches should be pursued, especially considering the 

contribution of lateral walls to the overall stabilisation of a timber building. 

In the case of single-family houses the inclusion of any stabilising 

component in a building may not be essential but in order to qualify timber 

constructions for the general use in multi-storey buildings such issues could 

become crucial. 
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Appendix 

Appendix 1: Calculation of the dead load of a two storey building 

Appendix 2: Overview of the different investigated connector solutions 
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Appendix 1 

Calculation of the dead load of a two storey building 

 

1. Walls of the first floor 

 

Unit weight: 

Material Unit weight 

Timber (softwood) 5  kN/m³ 

Particle board/OSB 6 kN/m³ 

Gypsum Plasterboard (1 cm) 0,09 kN/m² 

Mineral wool  (1 cm) 0,01 kN/m² 

Unit weight taken from Schneider Bautabellen 

 
Layer composition: 

Layer Material Dimensions [mm] 

Facade Timber 22x143 + 22x45 

Horizontal battens Timber 28x70 (c.600) 

Wind protection Plastic - 

Insulation Mineral wool 245 

Timber frame Timber 45x245 (c.600) 

Vapour barrier Plastic - 

OSB Wooden material 11 

Plasterboard Gypsum 13 

 

Ground plan first storey (from lower left corner anticlockwise): 

Wall/window/door Length [mm] 

Height (wall less 

window or door height) 

Wall (1) 1479 2510 

Window (a) 1000 1210 

Wall (2) 1786 2510 

Window (b)  550 1210 

Wall (3)  160 2510 

Door (I) 1150 310 

Wall (4)  160 2510 

Window (c )  550 1210 

Wall (5)  1786 2510 

Window (d) 1000 1210 

Wall (6)  1479 2510 
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Wall (7) 4600 2510 

Window (e ) 1000 1210 

Wall (8)  1600 2510 

Wall (9) 5050 2510 

Window (f) 1000 1210 

Wall (10) 5050 2510 

Wall (11)  1700 2510 

Door (II) 1000 410 

Wall (12)  4500 2510 

 

Calculation of dead load of one wall part (1 m), no openings: 

Layer 

Thickness 

[m]/[cm]* Height 

Unit  

weight  

[kN/m³]/  

[kN/m²/cm]* Factor 

Weight 

[kN/m] 

Wooden 

facade 0,044 2,51 5 1 0,5522 

Horizontal 

battens 0,028 0,35 5 1 0,049 

Wind 

protection - - - -   

Mineral wool  24,5 2,42 0,01 0,91 0,539539 

Studs 0,245 2,42 5 0,09 0,266805 

Rails 0,245 0,09 5 1 0,11025 

Vapour 

barrier - - - -   

OSB 0,011 2,51 6 1 0,16566 

Gypsum 

plasterboard 1,3 2,51 0,09 1 0,29367 

∑         1,977124 

*First unit for timber and particle board, second 

for insulation and plasterboard 

  
 

Assumptions: 

- In average every 500 mm one stud  two studs per meter 

- 5 horizontal battens 

- No separated studs 

- Two entire layers of wood on the façade 

Weight window (1,0 × 1,3 m²): 

Thickness glas [mm] 12 

Window area [m²] 1,3 

Weight glas [kN/m²/mm] 0,024525 

Length window frame [m] 4,6 
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Weight window frame 

[kN/m] 0,04905 

    

Weight entire window [kN] 0,60822 

Weight window (0,55 × 1,3 m²): 

Thickness glas [mm] 12 

Window area [m²] 0,715 

Weight glas [kN/m²/mm] 0,024525 

Length window frame [m] 3,7 

Weight window frame 

[kN/m] 0,04905 

    

Weight entire window [kN] 0,3919095 

Weight door (estimation 100 kg/m): 

Weight entire door [kN/m] 0,981 

Calculation of dead load of one wall part, window opening 1,0 × 1,3 m²: 

Weight wall (factor 

1210/2510) [kN/m] 0,953115554 

Weight window [kN/m] 0,60822 

    

Weight entire wall part 

[kN/m] 1,561335554 

Calculation of dead load of one wall part, window opening 0,55 × 1,3 m²: 

Weight wall (factor 

1210/2510) [kN] 0,524213555 

Weight window [kN] 0,3919095 

    

Weight entire wall part [kN] 0,916123055 

Calculation of dead load of one wall part, door opening 1,15 × 2,2 m²: 

Weight wall (factor 

310/2510) [kN] 0,280814624 

Weight door [kN] 1,12815 

    

Weight entire wall part [kN] 1,408964624 

Calculation of dead load of one wall part, door opening 1,0 × 2,1 m² 

Weight wall (factor 

410/2510) [kN] 0,32295651 

Weight door [kN] 0,981 
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Weight entire wall part [kN] 1,30395651 

 

2. Intermediate floor 

 

Unit weight: 

Material Unit weight 

Timber (softwood) 5  kN/m³ 

Particle board/OSB 6 kN/m³ 

Gypsum Plasterboard (1 cm) 0,09 kN/m² 

Mineral wool  (1 cm) 0,01 kN/m² 

Unit weight taken from Schneider Bautabellen 

 

Layer composition (span 7716 mm): 

Layer Material Dimensions [mm] 

Particle board Timber 7716x22 

Joists Timber 45x220 (c.600) 

Insulation Mineral wool 7716x100 

Vapour barrier Plastic - 

Battens (∟ to joists) Timber 28x70 (c.400) 

Plasterboard Gypsum 7716x13 

 

Load of flooring on walls (eaves sides) per meter: 

Layer 

Height/ 

Thickness 

[m]/[cm]*  

Length 

(perpendi-

cular to 

eaves side) 

[m] 

Unit weight 

[kN/m³]/ 

[kN/m²/cm]* Factor 

Weight 

[kN/m] 

Particle 

board 0,022 7,716 6 1 1,018512 

Joists 0,22 7,716 5 0,08 0,679008 

Mineral 

wool 10 7,716 0,01 0,92 0,709872 

Vapour 

barrier - - - -   

Battens  0,028 1,4 5 1 0,196 

Plaster-

board 1,3 7,716 0,09 1 0,902772 

∑         3,506164 

Load on 

each side 

per meter         1,753082 

*First unit for timber and particle board, second for insulation and 

plasterboard 
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Assumption:  

- Loads are solely transmitted to the walls on the eaves sides, not on the 

gable sides  half of the flooring load on each eaves side 

 

3. Walls of the second floor 

 

Unit weight: 

Material Unit weight 

Timber (softwood) 5  kN/m³ 

Particle board/OSB 6 kN/m³ 

Gypsum Plasterboard (1 cm) 0,09 kN/m² 

Mineral wool  (1 cm) 0,01 kN/m² 

Unit weight taken from Schneider Bautabellen 

 

Layer composition: 

Layer Material 

Dimensions 

[mm] 

Facade Timber 22x143 + 22x45 

Horizontal battens Timber 28x70 (c.600) 

Wind protection Plastic - 

Insulation Mineral wool 245 

Stud Timber 45x245 (c.600) 

Vapour barrier Plastic - 

OSB Wooden material 11 

Plasterboard Gypsum 13 

 

Ground plan second storey (from lower left corner anticlockwise): 

Wall/window/door Length [mm] 

Height (wall less 

window or door 

height) 

Wall (13) 1479 2510 

Window (g) 1000 1310 

Wall (14)  1786 2510 

Window (h) 550 1310 

Wall (15)  460 2510 

Window (i)  550 1310 

Wall (16)  460 2510 

Window (j) 550 1310 

Wall (17)  1786 2510 

Window (k) 1000 1310 

Wall (18) 1479 2510 

Wall (19) 1600 2510 

Window (l)  1000 1310 
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Wall (20)  2000 2510 

Window (m) 1000 1310 

Wall (21)  1600 2510 

Wall (22)  1800 2510 

Window (n) 1000 1310 

Wall (23) 1150 2510 

Window (o)  1000 910 

Wall (24)  100 2510 

Door (III) 1000 410 

Wall (25) 100 2510 

Window (p)  1000 910 

Wall (26)  1150 2510 

Window (q) 1000 1310 

Wall (27)  1800 2510 

Wall (28) 1700 2510 

Window (r ) 1000 1310 

Wall (29)  1800 2510 

Door (IV) 1000 410 

Wall (30)  1700 2510 

 

Calculation of dead load of one wall part (1 m), no openings: 

Layer 

Thickness 

[m]/[cm]* Height 

Unit weight 

[kN/m³]/ 

[kN/m²/cm]* Factor 

Weight 

[kN/m] 

Wooden 

facade 0,044 2,51 5 1 0,5522 

Horizontal 

battens 0,028 0,35 5 1 0,049 

Wind 

protection - - - -   

Mineral 

wool  24,5 2,42 0,01 0,91 0,539539 

Studs 0,245 2,42 5 0,09 0,266805 

Rails 0,245 0,09 5 1 0,11025 

Vapour 

barrier - - - -   

OSB 0,011 2,51 6 1 0,16566 

Gypsum 

plasterboard 1,3 2,51 0,09 1 0,29367 

∑         1,977124 

*First unit for timber and particle board, 

second for insulation and plasterboard 

 
 

 

Assumptions: 

- In average every 500 mm one stud  two studs per meter 

- 5 horizontal battens 
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- No separated studs 

- Two entire layers of wood on the façade 

 

Weight window (1,0 × 1,2 m²): 

Thickness glas [mm] 12 

Window area [m²] 1,2 

Weight glas [kN/m²/mm] 0,024525 

Length window frame [m] 4,4 

Weight window frame 

[kN/m] 0,04905 

    

Weight entire window [kN] 0,56898 

 

Weight window (1,0 × 1,6 m²): 

Thickness glas [mm] 12 

Window area [m²] 1,6 

Weight glas [kN/m²/mm] 0,024525 

Length window frame [m] 5,2 

Weight window frame 

[kN/m] 0,04905 

    

Weight entire window [kN] 0,72594 

 

Weight window (0,55 × 1,2 m²): 

Thickness glas [mm] 12 

Window area [m²] 0,66 

Weight glas [kN/m²/mm] 0,024525 

Length window frame [m] 3,5 

Weight window frame 

[kN/m] 0,04905 

    

Weight entire window [kN] 0,365913 

 

Weight door (estimation: 100 kg/m): 

Weight entire door [kN/m] 0,981 

 

Calculation of weight of one wall part, window opening 1,0 × 1,2 m²: 

Weight wall (factor 

1310/2510) [kN/m] 1,031885434 

Weight window [kN/m] 0,56898 

    

Weight entire wall part 

[kN/m] 1,600865434 
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Calculation of weight of one wall part, window opening 1,0 × 1,6 m²: 

Weight wall (factor 

1310/2510) [kN/m] 0,716805912 

Weight window [kN/m] 0,72594 

    

Weight entire wall part 

[kN/m] 1,442745912 

 

Calculation of weight of one wall part, window opening 0,55 × 1,2 m²: 

Weight wall (factor 

1310/2510) [kN] 0,567536989 

Weight window [kN] 0,365913 

    

Weight entire wall part [kN] 0,933449989 

 

Calculation of weight of one wall part, door opening 1,0 × 2,1 m²: 

Weight wall (factor 

410/2510) [kN] 0,32295651 

Weight door [kN] 0,981 

    

Weight entire wall part [kN] 1,30395651 

 

 

4. Roof 

 

Unit weight: 

Material Unit weight 

Timber (softwood) 5  kN/m³ 

Particle board/OSB 6 kN/m³ 

Gypsum Plasterboard (1 cm) 0,09 kN/m² 

Mineral wool  (1 cm) 0,01 kN/m² 

Concrete roofing tiles 0,6 kN/m² 

Unit weight taken from Schneider Bautabellen 

 

Layer composition flooring (span 7716 m): 

Layer Material Dimensions [mm] 

Insulation Mineral Wool 7716x290 

Vapour Barrier Plastic - 

Battens (∟ to trusses) Timber 28x70 (c.400) 

Plasterboard Gypsum 7716x13  

 

Layer composition roof: 

Layer Material Dimensions [mm] 

Roofing tiles Concrete 9782 
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Roof battens Timber 25x38  

Counter-battens Timber 25x38 

Roofing cardboard Bitumen - 

Rough tong & groove 

boards Timber 9782x22  

Nail plate trusses Timber  ~50x520 

 

Assumptions: 

- 500 mm roof overhang 

- T&G boards 22 mm 

- Nail plate trusses: rafters and horizontal beams 50 × 120 mm, web 

members 50 × 70 mm 

- Distance counter battens ~ 350 mm 

Layer composition gable walls: 

Layer Material Dimension [mm] 

Facade Timber 22x143 + 22x45 

Horizontal battens Timber 28x70 (c.600) 

Wind protection Plastic - 

Timber frame Timber 45x95 

Load of flooring on walls (eaves side) per meter: 

Layer 

Height/ 

Thickness 

[m]/[cm]*  

Length 

(perpendi-

cular to 

eaves side) 

[m] 

Unit weight 

[kN/m³]/ 

[kN/m²/cm]* Factor 

Weight 

[kN/m] 

Mineral 

Wool 29 7,716 0,01 1 2,23764 

Vapour 

Barrier - - - -   

Battens 0,028 1,4 5 1 0,196 

Plasterboard 1,3 7,716 0,09 1 0,902772 

∑         3,336412 

Load on 

each side 

per meter         1,668206 

*First unit for timber and particle board, second for insulation and 

plasterboard 

Load of roof on walls (eaves side) per meter: 

Layer 

Height/ 

Thickness 

[m]/[cm]*  

Length 

(perpendi-

cular to 

eaves 

side) [m] 

Unit weight 

[kN/m³] 

/[kN/m²/cm]* Factor 

Weight 

[kN/m] 
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Roofing 

tiles   9,782 0,6 1 5,8692 

Roof 

battens 0,025 1,14 5 1 0,1425 

Counter-

battens 0,025 9,782 5 0,11 0,134503 

Roofing 

cardboard - - - -   

T&g 

boards 0,022 9,782 5 1 1,07602 

Nail plate 

trusses 0,52 9,782 5 0,055 1,398826 

∑         6,146203 

Load on 

each side 

per meter         3,073101 

*First unit for timber and particle board, second for insulation and 

plasterboard 

 

Assumption:  

- Loads are solely transmitted to the walls on the eaves sides, not on the 

gable sides  half of the flooring and roof load on each eaves side 

Load of gable walls per meter: 

Layer 

Thickness 

[m]/[cm]*  Height [m] 

Unit weight 

[kN/m³] 

/[kN/m²/cm]* Factor 

Weight 

[kN/m] 

Facade 0,044 1,11 5 1 0,2442 

Horizontal 

battens 0,028 0,14 5 1 0,0196 

Wind 

Protection - - - -   

Rails 0,095 0,09 5 1 0,04275 

Studs 0,095 1,11 5 0,09 0,047453 

∑         0,30655 

 

5. Entire dead load at bottom of ground floor walls 

Dead load per meter (from lower left corner anticlockwise): 

Wall/ 

window

/door 

Length 

[m] 

Load 

from 

Roof 

Load 

from 

2nd 

floor 

Load 

from 

flooring 

Load 

from 

1st 

floor ∑ [kN] 

∑ 

[kN/m] 

Eaves walls 
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(1) 1,479 7,012 2,924 2,593 2,924 15,454 10,449 

(a) 1,000 4,741 1,601 1,753 1,561 9,657 9,657 

(2) 1,786 8,468 3,531 3,131 3,531 18,661 10,449 

(b) 0,550 2,608 0,933 0,964 0,916 5,421 9,857 

(3) 0,160 0,759 0,316 0,280 0,316 1,672 10,449 

(I)a 0,300 1,422 0,593 0,526 0,368 2,909 9,697 

(I)b 0,550 2,608 0,933 0,964 0,674 5,179 9,417 

(I)c  0,300 1,422 0,593 0,526 0,368 2,909 9,697 

(4) 0,160 0,759 0,316 0,280 0,316 1,672 10,449 

(c ) 0,550 2,608 0,933 0,964 0,916 5,421 9,857 

(5) 1,786 8,468 3,531 3,131 3,531 18,661 10,449 

(d) 1,000 4,741 1,601 1,753 1,561 9,657 9,657 

(6) 1,479 7,012 2,924 2,593 2,924 15,454 10,449 

(9)a 1,800 8,534 3,559 3,156 3,559 18,808 10,449 

(9)b 1,000 4,741 1,601 1,753 1,977 10,072 10,072 

(9)c 1,150 5,453 2,274 2,016 2,274 12,016 10,449 

(9)d 1,000 4,741 1,443 1,753 1,977 9,914 9,914 

(9)e 0,100 0,474 0,198 0,175 0,198 1,045 10,449 

(f) 1,000 4,741 1,304 1,753 1,561 9,360 9,360 

(10)a 0,100 0,474 0,198 0,175 0,198 1,045 10,449 

(10)b 1,000 4,741 1,443 1,753 1,977 9,914 9,914 

(10)c 1,150 5,453 2,274 2,016 2,274 12,016 10,449 

(10)d 1,000 4,741 1,601 1,753 1,977 10,072 10,072 

(10)e 1,800 8,534 3,559 3,156 3,559 18,808 10,449 

Gable walls 

(7)a 1,600 0,490 3,163   3,163 6,817 4,261 

(7)b 1,000 0,307 1,601   1,977 3,885 3,885 

(7)c 2,000 0,613 3,954   3,954 8,522 4,261 

(e ) 1,000 0,307 1,601   1,561 3,469 3,469 

(8) 1,600 0,490 3,163   3,163 6,817 4,261 

(11) 1,700 0,521 3,361   3,361 7,243 4,261 

(II) 1,000 0,307 1,601   1,304 3,211 3,211 

(12)a 1,800 0,552 3,559   3,559 7,669 4,261 

(12)b 1,000 0,307 1,304   1,977 3,588 3,588 

(12)c 1,700 0,521 3,361   3,361 7,243 4,261 

 

Windows   Doors  
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Appendix 2 

Overview of the different investigated connector solutions 

Connection 

Com-

pany Fasteners Schematic drawing 

Exterior wall-to-

substrate 

A Rail (45 × 120 mm) to 

foundation: screws and 

plugs, min. length 100 

mm, predrilles bores 10 

mm, c. 2400 mm 

Bottom rail (45 × 60 

mm)to rail: steel nails 125 

× 4,0 mm, c. 600 mm 

 

B Rail (45 × 95 mm) to 

foundation: Hilti NK 72 

S12, c. 600 mm 

Bottom rail (45 × 60 

mm)to rail: screws 120 × 

6,0 mm, c. 2400 mm 

 

C Metal brackets (160 × 30 × 

3,0 × 100 mm) to 

foundation: two steel nails 

30 × 3,0 mm 

Wall to brackets: two nails 

100 × 3,4 mm 

 

Interior wall-to-

substrate 

A Bottom rail (45 × 95 mm) 

to foundation: nails 125 × 

4,0 mm, c. 600 mm 

 

B Bottom rail to foundation: 

no specifications 
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C Rail to foundation: screws 

or plugs (no further 

specifications) 

 

In-plane joint 

wall-to-wall 

A Vertical panel facade: 

interior side vertical nails 

100 × 3,4 mm in an angle, 

c. 600 mm, exterior side 

wedge locks 

Other facade systems: 

double screws 12 × 120 

mm with washers 13 × 24 

× 2,5 mm from interior 

side of walls, predrilled 

holes 8 mm 

Nail plate fixed across 

 

 
B Interior side: vertical 

screws 100 × 6,0 mm in an 

angle, c. 400 mm 

 

C Exterior side: nails 60 × 

2,3 mm, c. 300 mm 

(horizontal panel facade: 

nails 100 × 3,4 mm) 
 

 

Outer corner 

joint wall-to-wall 

A Interior side: vertical nails 

125 × 4,0 mm in an angle, 

c. 1200 mm 

Exterior side: wedge locks 

Nail plate fixed across 

 

B Interior and exterior side: 

screws 100 × 6,0 mm, c. 

400 mm 

Interior side: angle steels 

50 × 50 mm, length 2385 

mm 
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C Exterior side: nails 60 × 

2,3 mm, c. 300 mm 

(horizontal panel facade: 

nails 100 × 3,4 mm) 

 

Inner corner joint 

wall-to-wall 

A Interior side: vertical nails 

125 × 4,0 mm in an angle, 

c. 1200 mm 

Nail plate fixed across 

 

B Interior side and centre: 

screws 100 × 6,0 mm, c. 

400 mm 

 

C Exterior side: nails 60 × 

2,3 mm, c. 300 mm 
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Wall-to-

flooring/flooring-

to-wall 

A Flooring-to-wall: diagonal 

nails 125 × 4,0 mm, c. 600 

mm 

Wall-to-flooring: Rail (45 

× 120 mm) to flooring 

with two nails 100 × 3,4 

mm, c. 600 mm, wall to 

rail from inside with nails 

125 × 4,0 mm, c. 600 mm 

 

B Flooring-to-wall: diagonal 

nails 100 × 3,4 mm, c. 600 

mm 

Wall-to-flooring: Rail (45 

× 120 mm) to flooring 

with nails 100 × 3,4 mm, 

c. 600 mm, wall to rail 

from inside with screws 

120 × 6,0 mm, c. 2400 mm 

 

C /  / 

Roof-to-wall 

A Metal brackets (60 × 80 × 

2,5 × 60 mm), no 

specifications 

 

B Metal bracket (60 × 80 × 

2,5 × 60 mm), 

excentrically, to trusses 

with three nails 35 × 4,0 

mm, to wall with six nails 

60 × 4,0 mm 
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C Metal brackets (90 × 35 × 

2,5 × 40 mm) to trusses 

with four shank nails 40 × 

4,0 mm, to wall elements 

with double screw 8 × 50 

mm 
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