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Abstract 
 

Timber construction has increased in popularity in different countries in Europe thanks to a new 
material apparition and environmental stakes. In order to construct a timber structure we use 
different types of connections. The design of connections is complex since it is influenced by many 
different factors. However, the connection is the weak part of the structure and has high risk of 
collapse. Therefore the connection often determines the capacity of the structure. 
 
In 1975 the commission of the Europeans Community decided to harmonize of technicalities and 
rules of design in the field of construction. The aim is to increase the competition between 
companies and simplify the trade of products and services within the European Union. The 
regulation for timber structures is Eurocode 5 (EC5). 
 
This study investigates how the EC5 can influence the design of a connection with a single shear 
plane for a steel-timber connection with nails or screws. This study is based on the comparison 
between the connection properties obtained using the EC5 and those recommended in a brochure 
from one of the large glulam manufacturers in Sweden based on the Swedish regulations.  
 
The outcome is that the new regulation has a strong impact on the design of the steel plates. The 
requirement in minimum spacing imposes a specific dimension and position of the fasteners. 
Moreover, the capacity of the connection is influenced by the distance between the fasteners 
parallel to the grain, which determines the effective number of fasteners involved in the connection.  
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1. Introduction  

1.1 Background  

Timber construction takes a large place in the Swedish construction market. This type of 
construction has also increased in popularity in different countries in Europe. One reason for this 
increased interest is a principal change in design codes, from a prescriptive based system to a 
functional requirement based system. This change means that, for example regarding fire, that 
combustible materials can be used as long as the people within a building can get out to safety. Much 
research has been carried out in order to be able to take into account the fire strength of timber. In 
such a way that problem can be avoided. The trend to use timber is also caused by a new material 
apparition and environmental stakes.  
   
During the last century new timber products called Engineered Wood Products (EWP) have been 
developed. These products from wood change the way a timber structure is built and designed. 
EWPs where developed by the industry due to the need for materials with more homogeneous 
physical properties and less variability than natural products. The optimized use of these materials 
creates more freedom in the design, shape and structure. One of the most famous products is glued 
laminated timber, which allows for a wider range of design of beams and columns with different 
shapes and span.  
 
In order to design a timber structure there are different types of mechanical fasteners. A connection 
normally includes a combinations of materials; timber and steel plates. The typical way this works is 
by the transfer of load/force through the mechanical contact between the dowel/bolts/nails and 
timber. The combination of these different materials and the order of placing or disposition of the 
fasteners create diverse physical properties. There are two main types: 

 

 A metal “dowel” (generic term used to refer to a fastener), where the load is transferred by 
dowel action e.g. nails, screws, dowels and bolts, staples, etc. 

 Bearing-type connectors, where the load is primarily transferred by bearing onto the timber 
near the surface of the member, e.g. punched metal plate, split ring, etc. (Porteous and 
Kermani, 2007: 372). 
 

The choice of the connection type depends on different parameters such as the load, the 
environmental factors and the aesthetics. The design of the connection is complex since it can be 
influenced by different factors, such as the type of connection, the material properties, the spacing 
between the fasteners for example. However, the connection is the weak part of the structure and has 
high risk of collapse (Porteous and Kermani, 2007). Therefore the connection often determines the 
capacity of the structure. The efficiency of the connection and the establishment of the load carrying 
capacities with accuracy is a challenge for the industry. Figure 1.1 shows different types of 
connections that can be used for a column base. 

 

 
Figure 1.1 Base of column (M. Johansson 2011 lecture Timber based building system) 
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1.2 Aims 

 
The field of this master thesis is timber construction in Civil Engineering. The idea of the thesis has 
been presented to my supervisor Marie Johansson, and is based on the establishment of a calculation 
model for the strength of standard connections for column bases, in accordance with the new 
European regulation Eurocode 5 (EC5). The study is based on a comparison between the 
connection properties obtained using the EC5 regulations and those published in a brochure of the 
Swedish company Martinsons (2011). This document is a listing of different connections and their 
load carrying capacity as a function of the composition of the fastener. This calculation was made in 
accordance with Swedish regulations.  
 
The purpose of this study is to investigate the effect of the introduction of EC5 on typical 
connections used for large glulam structures in Sweden. The study will provide a model of the 
repartition of the internal force carried on for each standard connection and establish a methodology 
of calculation according to EC5. These methodologies were incorporated in a computer program in 
order to determine the load carrying capacity of the connection. Moreover, this study investigates 
how the EC5 can influence the design of connection. The aim is to identify the main difference with 
the Swedish regulation and analyze how EC5 will influence the prediction of load carrying capacity.  
 
From the total list of connections in Martinsons brochure we select only a few. For example, 
currently connections with glued-in rods are not included in the EC5 (Tlustochowicz, Serrano, 
Steiger, 2010). 

1.3 Limitations 

The thesis is limited only to column bases using an outer steel plate and single shear of the fasteners 
(nails and screws) and will not provide design calculations for the entire foundation or about the 
stability of the steel plate. This theoretical work is not verified by experimental test. This study 
assumes the value established in the brochure is relevant and will not recalculate it. The study is 
carried out for each connection using the same material proprieties (timber, nail, screw,) that are 
defined in the section “Results and analysis”.  
 
Moreover, the materials defined within the Swedish standards and the EC5 are not exactly the same. 
This is expected to introduce some divergence in the value of the connection strength. For example 
the standard solid timber, certified according to BS/EN 386, is K40, which is not exactly the same as 
in C40 (see in the Figure 1.2). 

 

 

 

 

 

 
a) Eurocode 5                b) Swedish building code BKR 94. 

Figure 1.2 Characteristic values for mechanical strength for different strength classes (Kliger, 2000) 
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2. Literature review 
 

2.1 Aim of Eurocode 5 

Previously, every nation had its own standards for imposing the rules for designing structures and 
connections and establishing the requirements that the structures had to fulfill. At present, a new 
regulation is established among the different countries of the European Union. The regulation for 
timber structures is Eurocode 5. This regulation comes into effect on January 1, 2011 in Sweden. 
 
Eurocode 5 is established in order to define common methodology and rules for timber structure 
design. Moreover, Eurocode 5 aims to favorite the competiveness between industries with common 
base. In addition, it will enable a simpler and more efficient trade of products and services among the 
countries of the European Union (Blass and Evertsen, 1995). 
 
The EC5 regulation is divided in 10 sections, the following chapter will show the methodology used 
for calculating connection, which is based on section 8: “Connection with metal fasteners”. 
 

2.2 Calculation of the strength of connection  
 

The calculations of the load capacity of a connection (      ) in accordance with EC5 consist of the 

determination the load capacity of a single fastener (      ) and multiplied this capacity by the number 

efficient of fasteners per shear plane as shown in the equation bellow. The number efficient of 

fastener     refers to the number of fasteners in a row parallel to the grain. The connection is 
considered as acting elastically which means that the connection is considered failing if one dowel 
fails (Jorissen, 1998; Porteous and Kermani, 2007). 
   

                  

The theory used in EC5 is based on Johansen’s (1949) theory. The equation predicts the ultimate 
strength of a single dowel-type joint due to either a bearing failure of the joint members or the 
simultaneous development of a bearing failure of the joint member and plastic hinge formation in the 
fastener. The precise failure mode is determined by the joint geometry and the material properties; 
namely the fastener’s yield moment and the embedding strengths of the timber or wood-based 
materials (Hilson, 1995b). Hence the capacity of the connection depends on the embedding strength 
of the timber or steel plate and also on the strength of the fastener to bending. 

In the Johansen’s theory the assumption that the material (fastener, timber, steel plate) is idealized to 
be an ideal rigid plastic material, as illustrate in the Figure 2.1 simplifies the analysis. In counterpart 
that makes little difference to the final result (Hilson, 1995b). 

 
Figure 2.1 Strength/strain relationships used for dowel connection (Porteous and Kermani, 2007) 

In EC5 the Johansen yield equation forms the basis of the strength equation. The basic Johansen 
yield equation for each failure mode ignores friction forces between the members of the connection 
and the withdrawal resistance of the fasteners named the rope effect force. However, for those 
failure modes that involve yielding of the fastener, the equation has been modified to include the 
friction and withdrawal effects.  
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The friction is taken into account by a factor 5% where the fastener yields in one position and 15 % 
where the fastener yields in two positions. 

The rope effect is taken into account with the characteristic axial withdrawal capacity       . The 

withdrawal capacity is defined as a function of the type of fastener and the minimum penetration 
permitted in timber. In the current version of EC5 the structure of the load carrying capacity 
equation is (Porteous and Kermani, 2007:388-389): 
 

                                                       
                   

 
  

 

The effect of the withdrawal capacity possible to include in the total capacity of the connection is 
depending on the type of fastener. For screws a large part of the withdrawal capacity can be utilized 
while for dowels there is no extra capacity to be added. EC5 prescribes that the withdrawal capacity 
added to the Johansen part of the capacity can only be as a certain percentage of the Johansen part 
(Porteous and Kermani , 2007:390; Eurocode 5, 2004): 

 

Percentage factor 

 
 
 

 
 
                
                  
                
           
          
          

 
 

 
 

 

 
This gives two possibilities when adding the withdrawal capacity to the equation: 
  

          

                                                                     

                                                 
                   

 
 
  

 
The design values calculates in EC5 for material properties or resistance are multiplied or divided by 
diverse factor taking into account the properties of the timber and the variability between the models 
used for design and the reality. The calculus can be summarized by the given equation (Porteous and 
Kermani, 2007) 

    
  
  

 

 

In the case of a connection the factor n is associated only to the factor     . The strength and 
stiffness in timber vary as a function of different parameters such as loading time, moisture content 

and temperature. All these parameters are combined in one factor:     .   
Timber is influence by a duration of load effect, meaning that a piece of timber loaded with a 
constant load for a long time will fail at a lower load than the same piece of timber loaded for a short 
time. Therefore, timber can lose up to 40% of its strength capacity under a long term load (van der 
Kuilen, 1995). This phenomenon has been defined in EC5 by diverse class of load duration set out in 
Table 2.1. The longer the duration of the load is more the strength is reduced.  

 
     Table 2.1 Classification of action in view of their duration 

Load-duration class 
Order of accumulated 

Duration of characteristic load 
Permanent More than 10 years 
Long-term 6 months-10 years 

Medium-term 1 week- 6month  
Short-term Less than one week  

Instantaneous   
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The moisture content has an effect on the duration of load behavior but also on the strength of the 
timber. Typically the lower the moisture content is, the more the strength of the timber is increased. 
In order to take into account this phenomenon, in the EC5 there have been defined three service 
classes as a function of the environment where the timber structure is implemented, these are as 
follows: 
 
Service class 1 Where the average moisture content in most softwoods will not exceed 12%. 

this corresponds to a temperature of 20 °C and a relative humidity of the 
surrounding air only exceeding 65% for a few weeks per year. 

Service class 2 Where the average moisture content in most softwoods will not exceed 20%. 
this corresponds to a temperature of 20°C and a relative humidity of the 
surrounding air only exceeding 85% for a few weeks per year. 

Service class 3  Where the average moisture content in most softwoods exceeds 20%. This 
corresponds to climatic condition leading to higher moisture content than 
service class 2. 

In order to obtain the value of      illustrated in the Table 2.2 both classifications described 

previously are combined. The value      varies as a function of material. In this study, only glued 
laminated timber is used. 
 

Table 2.2 Value of       

Material 
Service 

class  
Permanent  

Long 
term  

Medium 
term  

Short term  Instantaneous 

Glued 
laminated 

timber 

1 0,6 0,7 0,8 0,9 1,1 
2 0,6 0,7 0,8 0,9 1,1 
3 0,5 0,55 0,65 0,7 0,9 

In EC5 the partial factor for a material property   , takes into account uncertainty of the model used 
for design of the connection and unfavorable deviation of material properties in the production 
process and the fact that the classification is based on a statistical value (Porteous and Kermani, 
2007:66). 

For a connection         
For a connection sum up, the design strength of a single fastener is given by: 
 

      
           

  
 

 

The design strength of a connection          loaded parallel to the grain is obtained from the final 

equation (Porteous and  Kermani, 2007) : 
  

                           

 

    is the number of shear planes in the connection  

    is the number of row of fasteners laterally loaded parallel to the grain  

In the following chapter, the detailed calculation of the method applied to the case of this study is 
developed. This study analyzes a nail and screw connection with outer steel plate in single shear. The 
development of the method is limited to the type of connection studied here. 
 

 

 



 

 

 6 

2.3 Single shear plane for steel-timber connection  

The steel-timber connection with a single shear plane illustrated below can have 5 modes of failure 
gathered in 2 groups, where the parameter of selection is the thickness of the steel plate. For a thin 
steel plate (mode 1 and 2) the fastener can rotate within the steel plate. The equation has been 
derived assuming no moment of resistance at the interface. The thin steel plate is classified in EC5 as 
a steel plates of thickness less than or equal to 0.5d, d is the fastener diameter. The steel plates of 
thickness greater than or equal to d, with the tolerance on hole diameters being less than 0.1d are 

classified as thick plates. A thick steel plate (mode failure 3, 4 and 5) the plate acts as a rigid support 
for the fastener, and the plastic hinges will move to the interface between the steel and the timber. 
(Hilson, 1995:2; Eurocode 5, 2004) 

 

Figure 2.2 Mode 1 failure (Hilson, 1995: 10)                       Mode 2 failure (Hilson, 1995: 10) 

 

Figure 2.3 Mode 3 failure (Hilson, 1995: 9)                              Mode 4 failure  (Hilson, 1995: 9) 

 

   the timber thicknesses or fastener penetration (mm) 

        is the characteristic embedding strength corresponding to    

d is the diameter of  fastener (mm)   

     is the characteristic yield moment for fastener 

       is the characteristic resistance per shear plane 
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Mode 1: 
Moment at the interface = 0 

          
  
 

 
   

   

   
     

 
          

          
    

            

                               

 
Mode 2: 
Moment at the interface = 0 

               
  
 

 
           

     

       
  

                                

Allowing 15% for friction factor and addition rope effect gives 

                          
      
 

 

 
Mode 3: 

            
  
 

 
                

   
 
                 

  
 
    

   
     

 
 

  
            

  
     

        
    

         
     

           
     

                               
     

           
     

Addition rope effect gives 

                               
     

           
     

      
 

 

Mode 4: 

             
  
 

 
   

     
    

         
 

                              

Allowing 15% for friction factor and addition rope effect gives 

                      
      
 

 

Mode5: 
 It is the case of failure of timber  
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The minimum of these two equations define the mode and value of failure for a thin steel plate in 
single shear: 

          

                                                   

                    
      
 

          
   

 
The minimum of these three equations define the mode and value of failure for a thick steel plate in 
single shear: 
 

         

 
  
 

  
 
               

     

           
     

      
 

          

                
      
 

                                      

                                                                             

  

 
Embedding strength and Yield moment of a nail  
 
In the EC5 the embedding strength is a function of the properties that depend on parameters such as 
the type of timber (the density), the fastener (diameter) and also if there is a pre-drilled hole or not 
(Porteous and Kermani, 2007).  
 
The timber should be pre-drilled when: 

- The characteristic density of the timber is greater than 500       
- The diameter of the nail  exceeds  8 mm (Eurocode 5, 2004) 
 
The embedding strength does not depend of the angle loading regarding the grain orientation for a 
nails up to 8 mm. The characteristic embedding strength without pre-drilling for solid timber or LVL 
is given as (Eurocode 5, 2004): 
 

             
           

 

    is the characteristic density of the timber  (     )  

 

The characteristic fastener yield moment       defined in Johansen’s equation was taken as the 

moment at the elastic limit of the fastener and was derived from the product of the yield strength and 
the elastic modulus of the fastener. Research has been carried out that concludes that this theory gave 
a too low strength. The theory used in the EC5 is the elasto-plastic strength of the fastener. The yield 
moment is a function of the tensile strength of the fastener and the diameter. The calculation for the 
nail is divided in two sub-section smooth round nails and square nails. (Porteous and Kermani, 
2007:383; Eurocode 5, 2004). The characteristic yield moment for smooth round nails is given as:  
 

            
         

 

    is the  tensile strength of the nail (     )  
 
Embedding strength and yield moment of a screw  
 
In EC5 calculation of embedding strength and yield moment for a screw is a function of the diameter 
of the screw. For smooth shank screws with a smooth shank diameter         the calculation of 
the embedding strength and yield moment are carried out as for nails shown previously. In the case 
of smooth shank screw with a smooth sank diameter         the calculation is carried out as for 
bolt (Eurocode 5, 2004). This study does not consider this case. 
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Withdrawal capacity of nail  
 
 In European regulation the theory of calculation does not take account of the tension failure of the 
nails for calculating the withdrawal capacity, it assumes that this capacity is higher than the capacity 
of the wood. EC5 considers only two modes of failure; pull-through of the nail head or pointside 

withdrawal of the nails. Accordingly, the calculation is based on the value of        is the characteristic 

pointside withdrawal strength and          is the characteristic head pull-through strength. These 

values can be determined by testing. The loaded axial capacity of the nails depends of the type of nail 
used. The following development is limited to smooth wire nails. For smooth nail with a minimum 
pointside of penetration is 12d the EC5 gives (Porteous and Kermani, 2007): 
  

                
          

                   
         

 
If the nails are inserted at or near fiber saturation point and the structure has been designed to 

function in service 1 or 2, the values of        and          should be multiplied by the reduced factor 
 

 
 

in order to take account the reduction in the respective strengths when drying out.  
 

           
           

                  
   

 

   is the diameter of the nail head. For smooth wire nails this is 2.25d for nails of 2.65 mm up to 
        3.75 mm diameter and 2d for all nail sizes greater than 3.75 mm diameter. 

    is the thickness of the headside member. 

     is the pointside penetration or the length of the threaded part in the pointside member. 

    is the characteristic density of the timber  (     )  
 
In the case where the smooth wire nails penetration does not fulfill the requirement shown 
previously the withdrawal capacity should to be multiplied by a reduction factor.  
 

Reduction factor   
              

     

  
   

                                    
  

 
 
Withdrawal capacity of screw  
For the calculation of the withdrawal capacity of a screw, 6 modes of failure are taken into account: 

- The withdrawal failure of the threaded part of the screw 
- The tear-off failure of the screw head of screws used in combination with steel plates 
- The pull-through failure of the screw  
- The tensile failure of the screw  
- The buckling failure of the screw when is loaded in compression  
- When used in conjunction with steel plates there is risk of block shear or plug shear failure.  

The minimum point side penetration length of the threaded part should be 6d (Eurocode 5 2007; 
Porteous and Kermani, 2007). It is assumed that the connections fulfilled these requirements. 
 

            

    
  
 
      

 

 is the outer thread diameter 

    is the inner thread diameter 
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Then the characteristic withdrawal capacity is given as: 
 

         
                  

              
 

 

                   
      

    

 

       
 

 
 

  

 

       is the characteristic withdrawal strength perpendicular to the grain (     ) 

      is the effective number of screw in this study we define for one nail  

      is the penetration length of the threaded (mm) 

    is the angle between the screw axis and the grain direction (in this study 0° for all the  

   connections) 
 

2.4 Number effective of fastener  
 
The load capacity of a single dowel fastener multiplied by the number of the fastener does not equal 
the real load capacity. The connection often fails at a lower load level. This phenomenon is known 
but it is hard to model it in simple way. The graph below (see Figure 2.4) from Jorissen (1998) thesis 
shows the effective number of fasteners for the case double shear timber connection with dowel type 
fastener established with different codes.  
 

 
Figure 2.4      according to different design code (Jorissen, 1998: 2) 

 
Both EC5 and the Canadian codes are experimentally based whereas the USA code is based on the 
theory by Lantos. The EC5 can be two to three times higher than the Canadian code. The different 
regulation around the world has a strong divergence about this topic. 
  
The EC5 have had different versions of the calculation of the effective number of fastener. In the 
current European regulation the effective number of fastener depends on parameters such as the 
type of the fastener and the direction of loading in relation to the direction of the grain (Porteous and 
Kermani, 2007). 

 

 Nail 

In the previous version of the regulation, the number effective of nail     was equal at the number of 
nails n. Only a minimum spacing was required (Hilson, 1995). Currently for a load parallel to the 
grain, the number of effective nails is divided into two cases (Porteous and Kermani, 2007): 
 
1) When using single nails in single or double shear: 
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2) When using overlapping nails: 
 

       
    

 

   is the number of overlapping nails in the row parallel to the grain  

     is an exponent that is dependents on the nail spacing and whether or not pre-drilling is used. Its 
values are given in Table 2.3  

 

  Table 2.3 value exponent      

Spacing*      

  not pre-drilled pre-drilled 

   14d 1 1 

   12d 0,925 0,925 

   10d  0,85 0,85 

   9d 0,8 0,8 

   8d 0,75 0,75 

   7d 0,7 0,7 

   4d -  0,5 

*Linear interpolation of     is permitted for spacings between the stated values 

 

 
 

Figure 2.5 values of factor     for nail d=4mm 

 
In this study the direction of the load in relation to the direction of the grain is not taken into 
account in order to simplify the calculations. It is assumed that the load is parallel to the grain. The 

value of     in Table 2.3 is giving four different values for the spacing in accordance to EC5. Hence, 
three different linear interpolations between the fixed values are defined. In the Table 2.4 the three 
interpolations are made for a nail with a diameter of 4 mm. For this study the minimum spacing can 
be 5d, which is normally not allowed in the EC5. This assumption is based on the observation of the 
minimum spacing required.  
 

 Table 2.4 value interpolation      

spacing    

 x Not pre-drilled 
equation of the linear 

interpolation  

14d 1 14d/10d                       y=0,25*x 

10d 0 10d/7d                y=0,025*x 0,35 

7d 0.7 7d/ 5d       y= 0,009375*x+0,475 

5d 0.5   

0

0,5

1

1,5

0 20 40 60

K_ef

Spacing

pre drilled

not pre drilled
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 Screws 
 
The rule applied when the diameter of the smooth shank of the screw is 6 mm or less is the nails 
methodology. Otherwise for screws with diameter greater than 6 mm, it is the regulation for bolts 
and dowel that rules (Porteous and Kermani, 2007). 

 

2.5 Minimum Spacing  
  
In the EC5 there have been defined a minimum spacing criteria between the fasteners and between 
the fasteners and the edge of the timber. Their values have been defined from testing programs. The 
minimum spacing is as a function of type of fastener, the relative angle between load and the grain, 
and the density of the timber and also on whether the timber is pre-drilled or not. The various 
distances defined are shown in the Figure 2.6 (Porteous and Kermani, 2007). 
 

 
Figure 2.6 Fastener spacing and distances (Porteous and Kermani, 2007:391) 

 
The end distance is named loaded end when the load on the fastener has a load component towards 
the end of the timber. In the opposite case the load is qualified as an unloaded end distance. The 
definition of the edge distance is similar (Hilson, 1995). The minimum spacing for nails and dowels 
in the case of this study is summarized in the following table (Porteous and Kermani, 2007:391) 
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Table 2.5 Minimum spacings and edge and end distances  

Spacing or distance and   

Minimum spacing or distance 

Nails 
Without pre-drilled 

             

Dowels 

Spacing parallel to the grain -   

           

                   

                   
             

Spacing perpendicular to the grain -   

           
      

Loaded end distance -     
           

                          

Unloaded end -     

            
    

                                
                                            3d 

                                

Loaded edge distance -     
          

                 

                 
                    

Unloaded edge distance -     

            
      

For nailed steel-to-timber connections, the minimum edge and end distance for nails given in the 
table above should be multiplies by a factor of 0.7 (Eurocode 5, 2004). 
 
When the connection involves multiple dowels near the end of the timber member in a steel to 
timber connection  loaded parallel to the grain, there is a risk of a brittle-type failure, this type of 
failure is take into account in EC5 in the Annex “Block shear and plug shear failure” (Eurocode 5, 
2004; Porteous and Kermani, 2007:391). 

 

2.6 Block shear and plug shear failure  
 

The connection between steel-to-timber with multiple dowel fasteners with a force component acting 
parallel to grain near to the end of timber member are subject of block shear and plug shear failure 
illustrated in the Figure 2.7 and 2.8 This type of failure is brittle. The way to avoid this failure is to 
have a large spacing between the fasteners. The dominating factor for this type of failure is the 
characteristic shear strength and embedding strength of the timber. The technique of calculation used 
in EC5 is based on the prediction of the load carrying capacity of the connection of block shear and 
plug shear. The load carrying capacity of failure block shear and plug shear failure is developed in the 
following equations (Eurocode 5, 2004). 
 

 
Figure 2.7 Example of block shear failure (Eurocode 5, 2004) 

 

 
Figure 2.8 Example of block plug failure (Eurocode 5, 2004) 
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        is the net width of the cross-section perpendicular to the grain  

       is the total net length of the shear fracture area. As show in the Figure 2.9 

 

 
1 grain direction  
2 fracture line  
Figure 2.9 Length of the shear fracture and width of the cross-section (Eurocode 5, 2004) 
 

                   

 

         

                                                        

       
 

                                                      
  

       = is the net cross-section perpendicular to the grain  

       = is the net shear area in the parallel to the grain direction  

 

For a thin steel plate the calculation of the effective depth     depends of the failure mode of the 

fastener (a) and (b), (see chapter 2.3) 
 

     

                      

    
     

      
                   

  

 

For a thick steel plate the calculation of the effective depth     depends of the failure mode of the 

fastener (c) and (d), (see chapter 2.3) 
 

    

 
  
 

  
 

  
     

      
                     

      
     

      
                

  

   is the timber member thickness or penetration depth of the fastener 

      is the characteristic embedding strength of the timber member 

      is the characteristic yield moment of the fastener 
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       is the characteristic block shear or plug shear capacity 

       is the characteristic tensile strength of the timber member 

     is the characteristic shear strength of the timber member 

 
2.7 Swedish regulation  

 
The Swedish regulation present some similitude in the way of the load capacity is calculated. The 
design value of resistance of a fastener is determined by the equation: 
 

   
     
     

 

 

    is the characteristic values of the load carrying capacity of the fastener  

    is the modification factor which takes account of the effect of moisture and load duration.  

    partial factor for resistance, in the ultimate limit states the value is 1.25.  

    partial factor for safety class 
 

The factor    has a similar definition of the      in EC5. In the Swedish regulation four different 
classes of service are defined, which depends on the environment where the structure is used.  
 
Service class 0 is characterized by an environment in which relative humidity exceeds 65% for only a  
 few weeks each year and, on average ,does not exceed 40% 
Service class 1 is characterized by an environment in which relative humidity exceeds 65% for only a  
 few weeks each year and at no time reaches 80%  
Service class 2 is characterized by an environment in which relative humidity exceeds 80% for only a  
 few weeks each year 
Service class 3 is characterized by an environment which produces in the materials higher moisture  
 content than that corresponding to service class 2 
 
In the Swedish regulation is established different load duration classes set out in Table 2.6, the same 
way than in the EC5: 
 
 Table 2.6 Classification of action duration (Timber structures BFS 1998:39 1995:18) 
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In the case of the connection between steel-to-timber, the modification factor    as the values of:  
 

 Table 2.7 value factor    

Joint action of shortest 
duration in a combination of 

action 
 

Service class 0&1 Service class 2 Service class 3 

P or A 
0.7 0.7 0.6 

B 
0.8 0.8 0.7 

C 
1.0 1.0 0.8 

The fasteners type dowels is not taken into account in the regulation.  
 
For nail the load capacity is made only with two equations. The calculation is based on the diameter 
of the nails and the type of nail.  

                for a square or grooved wire nail 

                for a round nail  
Those equation are considered valid, if the connection fulfill the requirement described in the 
regulation. There is a condition of minimum spacing between nails. The regulation does not describe 
the multiplication of fastener and the number efficient of fastener.  
 
The load capacity of a screw is determined for a screw inserted perpendicular to the grain, the values 
of the load carrying capacity per shear plane is given as: 
 

    

 
 
 

 
 

         

               

                 
   

   

  

 

    yield stress of the material of the screw (MPa) 

   headside timber thickness (mm) 

  shank diameter of the screw (mm) 

  factor wich takes account of the angle   between the direction of force and the direction of grain. 

  
In a joint in double shear, the subscript 1 refers the outside member and the subscript 2 the middle 
member. For a joint in single shear, the subscripts are to be chosen so that: 
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The factor   can be read or calculated: 
 

 
Figure 2.10 Factor   (Timber structures BFS 1998:39 1995:18) 

  
   

       
        

 

                
 
The regulation does not take into account multiplication of fasteners or reduce the number of 
effective fastener.  
 
The major difference we can observe between the Swedish regulation and the EC5, is the fact there is 
no special calculation for multiplication of fastener (Timber structures BFS 1998:39 1995:1). 
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3. Results and analysis 

In this study three types of connections are studied. The studied connections are: 

 
1. Pin-jointed column base with external fishplate 5x120x260 
 1.1 Fish plate with nails 
 1.2 Fish plate with screws 

 
2. Pin-jointed column base with external fishplate 5x200x250 

 
3. Moment resisting column base with external fish plate 

 

All these types of connections can be found in Martinsons (2011) brochure with standard 
connections for heavy glulam structures. For the set up of the connection, the repartition of the 
holes on the steel plate for nails is arranged in a quincunx (that mean for a group of five objects are 
arranged in the shape of a rectangle with one at each of the four corners and the fifth in the centre). 
There is no description of the position of the nails; only two areas of fastener are indicated. The both 
areas of fasteners are in the end part of the fishplate. This choice can be justified by a precaution to 
avoid the area restrained by the fastener. 

The placing of nails in a quincunx means that the nails placed staggered are not formally placed in a 
row parallel to the grain. According to EC5 a row is formed by single nails with a stagger less or 
equal to the diameter of the fasteners.  
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In order to respect the minimum spacing perpendicular to the grain   , for the whole steel plate it is 
impossible to put the fasteners in a row consecutive with the current width of the fishplate. They 
should have one row without fastener between each row perpendicular to the grain.  

In the following calculation diverse assumption are mandatory for the application of the EC5. The 
assumptions are chosen in order to keep in priority the number of fastener and the repartition of the 
hole in the steel plate.  

Furthermore, the resulting design capacity for whole the connection can be determined by the 

equation:          
 

3.1 Connection 1: Pin-jointed column base with external fishplates 

5x120x260 
 

3.1.1 Fishplate for nails  
 

 

Material: 
Nail  Length: 50 mm  
 Diameter: 4 mm 

 Tensile strength     =600 MPa 

Timber GL32 density   =410       

Steel plate 5x120x260 
Service class 1-2  
Load duration: Medium term 

Figure 3.1 Fishplate connection 5x120x260 
 

Table 3.1 The capacity given by Martinsons  

 Capacity 
Fasteners nails  H L 
8+8=16 per side  15 kN 15 kN 
15 +15=30 per side  28 kN 28 kN 

The values of the load capacity given for the horizontal and vertical load with the same number of 
fasteners are similar. In the Swedish regulation but also in the EC5 the calculation of the capacity of 
the connection with the nails does not depend on the angle between the load orientation and the 
wood fiber. The distance between the two areas of fasteners can be determined by the precaution to 
avoid the area restrained by the fasteners. The variation of moisture content can cause stresses 
perpendicular to the grain that can induce a splitting. In order to reduce this phenomenon the 
fasteners should be implemented together in the appropriate part of the connected members, so that 
the restrained areas are limited (Racher, 1995).  
 
Application of EC5 in the case with 16 nails per fishplate: 
 
The layout of the holes on the steel plate is not appropriate to have a symmetrical repartition with 
eight nails per area of fastener according to the minimum spacing required in the EC5. This is 

because the requirement of loaded end distance       is not fulfilled. In order to resolve this problem 

the lower area of fasteners must be moved two rows up. In this way the values of loaded end 
distance is equal to 62.5 mm. This solution is applied also for both the two nail distributions assumed 
as well as for the case with 30 fasteners per fishplate. Moreover, is not possible to position the nails 
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in the two rows close to each other because the minimum spacing    is not fulfilled. To keep the 
same size of steel plate, the solution here called assumption 1 (see Figure 3.2) can be used. The nails 

are placed every alternate row parallel to the grain. The minimum spacing   will be equal to 20 mm. 
Furthermore the repartition is symmetric. 
 
A second solution can be to change the width of the steel plate in order to obtain the minimum 

spacing    required. This solution, assumption 2 (see Figure 3.3), causes a change of the width of the 

steel plate to 180 mm with    equal to 15 mm. But the repartitions of the fastener present an 
asymmetry. These solutions are the best compromise when applying the EC5.  

   
 Figure 3.2 Assumption 1  Figure 3.3 Assumption 2  
  
Table 3.2 Results of the capacity of the connection  

 Capacity connection  

 Assumption 1 Assumption 2 

    per side  4 8 

  4 2 

   41.6 166.4 

Fasteners nails  H L H L 

8+8=16 per side  30.8 kN 30.8 kN 37.2kN 37.2 kN 

  Capacity for one fishplate  

Fasteners nails  H L H L 

8+8=16 per side  15.4 kN 15.4 kN 18.6 kN 18.6 kN 

Block shear/ plug shear 79 kN 138 kN 

   is the spacing between nails parallel to the grain  

    is the number of row of nails parallel to the grain 
n is the number of nail in each row parallel to the grain  
  
The results established in the brochure are assumed to be close to the real load capacity of the 
connection, therefore, the load capacity seems to be calculated for one fishplate. Otherwise the 
values determined with the EC5 will double the capacity of the connection. Moreover, one of the 
major differences between the both assumptions is the spacing between nail parallel to the grain. The 
value of the load carrying capacity is lower in assumption 1 because the effective number of nails is 

less due to the distance      14d between the nails. 
In order to obtain symmetric fastener repartition with eight nails and in the same time keep the value 
of capacity assumption 2 was tested. The solution could be to align the nail in the columns by row of 
fasteners perpendicular to the grain. The new dimension of the steel plate wide will be equal to 180 

mm with    equal to 15 mm. For those two assumptions the minimum spacing is fulfilled and there 
is no risk of block shear and plug shear failure. 
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Application of EC5 in the case with 30 nails per fishplate: 
 
For this case the layout of the hole on the steel plate is not appropriate to have a symmetrical 
repartition with fifteen nails per area of fastener. In order to be able to distribute the nails, one of the 

solutions is to change the width of the steel plate to 180 mm with    equal to 15 mm. This is 
necessary for fulfilling the requirement of spacing perpendicular to the grain. The first assumption of 
the nails repartition (see Figure 3.4), cause an irregular distance between the nails in a row parallel to 
grain. There is one spacing equal to 20.8 mm the other is higher than 14d. In the EC5, there is no 
advice for this situation. In order to make the calculation, we assume a uniform repartition of the 
spacing between the nails. The smaller value of spacing between the nails in a row parallel to the 
grain was chosen in order to make the calculation on the safe side. Nevertheless the fastener 
repartition is asymmetric. Moreover, in the case of horizontal load action the requirement of the 
unloaded edge is not fulfilled.  One solution could be to establish a minimum width of 140 mm for 
the columns. 
 
The second assumption illustrated in Figure 3.5 is based on increasing the height of the steel plate in 
order to fulfill the distance requirements by placing five nail per row perpendicular to the grain. This 
assumption gives a symmetric repartition of fasteners. The new height of the fishplate is 310 mm. 
However, there is a problem with this repartition. There is not anymore two areas of fasteners. In 
order to obtain these two zones of fasteners, it is possible to increase the height of the steel plate. 
Since, for this case the same hypothesis described previously was applied, there is an irregular spacing 
in the row parallel to the grain. Increasing the size of the fishplate will not affect the strength of the 
connection.  

   
  Figure 3.4 Assumption 1  Figure 3.5 Assumption 2 

  
Table 3.3 Results of the capacity of the connection  

 Capacity connection  

 Assumption 1 Assumption 2 

    per side  10 5 

  3 6 

   20.8 41.6 

Fasteners nails  H L H L 

15+15=30 per side  41 kN 41 kN 54.6kN 54.6 kN 

  Capacity for one fishplate  

Fasteners nails  H L H L 

15+15=30 per side  20.5 kN 20.5 kN 27.3 kN 27.3 kN 

Block shear/ plug shear 178 kN 105 kN 
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We can have a similar conclusion as seen previously. The design in Martinsons brochure seems to be 

made for one fishplate. Moreover, both assumptions have spacing    smaller than 14d. One manner 
to optimize the connection is to decrease the number of fasteners per row parallel to the grain. If we 

want to respect the EC5 the minimum spacing is     equal to 7d for the fastener used in the 
connection, the minimum spacing parallel to the grain is equal to 28 mm. That means it is necessary 
to change the spacing between the rows perpendicular to the grain. In the case where this solution is 
applied, the value of the capacity for one steel plate is 25 kN. Furthermore, in order to obtain 
symmetric fastener repartition with fifteen nail in the case of the first assumption, the nails should be 
aligned in the column perpendicular to the grain. For these two assumptions, there is no risk of block 
shear and plug shear failure. 
 
In conclusion for the steel plate 2x250x260 the design should be changed according to EC5 in order 
to get the same capacity shown in the brochure with the different combination of fastener 
enunciated.   

 

3.1.2 Fishplate for screws  

 

The material: 
Screw  Length: 60 mm  
 Diameter: 6 mm 

 Tensile strength     =600 MPa 

Timber GL32 Density   =410       
Steel plate 5x120x250 
Service class 1-2  
Load duration: Medium term  

 

Figure 3.6 Fishplate screw connection 5x120x250 
 
Table 3.4 The result obtained by Martinsons  

 Capacity 
Fasteners nails  H L 
12 screws per side  9.8 kN 9.8 kN 

The current steel plate does not allow different repartition of the screw. The steel plate is neither a 
thin plate nor a thick plate, with the dimension of screw used. The load carrying capacity of 
connection should be calculated by linear interpolation between the thin and thick plate values seen 
in the figure below. 
 

 
Figure 3.7 Interpolation linear between thin and thick steel plate 

 

3,3
3,4
3,5
3,6
3,7
3,8
3,9

4

0 5 10

F_rk  for one 
screw

kN

Thickness steel plate

interpolation linear



 

 

 23 

 
Table 3.5 Results of the capacity of the connection 

 Capacity connection 
    per side 3 
  4 
   50 
Fasteners screws H L 
12 screws  54,7 kN 54,7 kN 

 Capacity for one fishplate  
Fasteners screws  H L 
12 screws 27,5 kN 27,5 kN 
  Block shear/ plug shear 129kN  

 
If it is assumed that the result made in the brochure is for one fishplate, the result calculated with 
EC5 is two times higher. The screws have a high withdrawal capacity. In EC5 we take this 
phenomenon into account by increasing the capacity of the screw. Nevertheless that does not explain 
why the difference is so large. In order to increase the capacity of the load carrying capacity of the 

connection with a small modification, we could increase the spacing   =84 mm. So the capacity of 

the entire connection will be                  . The design of the fishplate does not need to be 

changed according to the EC5. According to the EC5 one way to significantly increase the capacity 
of the connection is to use a screw instead of nail. For this assumption, there is no risk of block shear 
and plug shear failure. 
 

 

3.2 Connection 2: Pin-jointed column base with external fishplate 5x200x250 

 

 

The material: 
Nail   Length: 50 mm Diameter: 4 mm 

 Tensile strength     =600 MPa 

Timber GL32 Density   =410       
Steel plate 5x200x250 
Class service 1-2  
Load duration: Medium term  

 

Figure 3.8 Fishplate nail connection 5x200x250 

 
Table 3.6 the result obtained by Martinsons  

 Capacity 
Fasteners nails  H L 
8+8=16 per side  14 kN 15 kN 
15 +15=30 per side  24 kN 24 kN 
23 +23=46 per side  43 kN 38 kN 

The values of the load capacity calculated for the both orientations of the load action are similar for 
the case of the fasteners made up with 16 nails per side and 30 nails per side. For the case of 46 nails 
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per side, there is a small difference in the value between the horizontal and vertical load action. This 
difference cannot be explained by the Swedish regulation or the EC5. For this case the value of the 
capacity of connection may have been established by testing. Moreover, the load capacities obtained 
for this connection are lower than the capacities obtained for connection 1. Nevertheless the 
fishplate presents characteristic spacing values between the nails similar to the fishplate 5x120x260. 
In the case of the horizontal load action, the minimum spacing required at the unloaded edge is not 
fulfilled. One solution is that the row perpendicular to the grain nearest to the edge cannot be used. 
Consequently the number of possible ways of putting a fastener in a row perpendicular to the grain is 
equal to nine.   

Moreover, in order to fulfill the requirement of loaded end distance     . The lower zone of fasteners 

indicated in the illustration must be moved two rows up. In this way the values of loaded end 
distance is equal to 50 mm. This solution is applied also in the case of with 30 and 46 fasteners per 
fishplate. 
 
Application of EC5 in the case with 16 nails per fishplate: 

 
Without modification of size of the steel plate we can have two different reparation see in Figure 3.9 
and Figure 3.10. Those different assumptions represent a symmetry axes.  
   

   
 Figure 3.9 Assumption 1 Figure 3.10 Assumption 2 
 
Table 3.7 Results of the capacity of the connection   

  Capacity connection  

 Assumption 1 Assumption 2 
    per side 8 4 
  2 4 
   160 40 
Fasteners nails  H L H L 
8+8=16 per side  37,2 kN 37,2 kN 30,2 kN 30,2 kN 
  Capacity for one fishplate  
Fasteners nails  H L H L 
8+8=16 per side  18,6 kN 18,6 kN 15,1 kN 15,1 kN 
 Block shear/ plug shear  182 kN  79 kN 

With exactly the same steel plate, it is possible to obtain a different capacity only by the changing the 
placing of the nail. In this example there is a difference of 3.5 kN between the two assumptions, an 
increase with 23%. That is why the precise position of the nails should be mentioned. There is no 
risk of block shear and plug shear failure.  
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Application of EC5 in the case with 30 nails per fishplate: 
 
With the repartition shown in the Figure 3.11 the two zones of fasteners are rounded up, then the 
requirement of the loaded end spacing is respected. That can increase the risk of splitting. The 
possibility of using the same size of the steel sheet was chosen. With the purpose to avoid splitting 
the height of the steel plate can be increase so that the area restrained by fasteners is limited. In the 
case of this possibility the steel plate should have the size of 200x290. Therefore in the calculation we 
use the hypothesis that there is a difference of spacing between the nails in the row parallel the grain. 

The smaller value of the spacing    is admitting a uniform spacing. Hence the change of size of the 
steel plate will not affect the load capacity but only the design of the fishplate. 

 

 
   Figure 3.11 Assumption 

 
Table 3.8 Results of the capacity of the connection 

 Capacity connection 

     per side 6 

  5 

   40 

Fasteners nails  H L 

15+15=30 per side  55 kN 55 kN 

 Capacity for one fishplate  

Fasteners nails  H L 

15+15=30 per side 27,5 kN 27,5 kN 

 Block shear/ plug shear  104 kN 

The possible repartition in the connection according to EC5 allowed a higher capacity than the one 
mentioned in the brochure. There is no risk of block shear and plug shear failure. 
 
Application of EC5 in the case with 46 nails per fishplate: 
 
The number of nails does not allow a regular repartition of nails per row parallel to the grain. In this 
situation there is not a special methodology described in the EC5. In order to keep the same number 
of nail the assumption was made that it is possible to calculate the capacity of a row parallel to the 
grain separately, which have a different number of fastener and then add their capacity for obtained 
the global capacity of the connection. This hypothesis allowed the repartition showed in Figure 3.12. 
The size of the steel plate needs to be changed in order to have enough space for the nails. The new 
dimension of the fishplate is 200x270. If we want to respect two areas of fasteners the size should be 
200x330 but that will not influence the value of the load carrying capacity.  
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The second possibility is to change the number of fasteners used, 42 nails per fish plate and have the 
following repartition show in the Figure 3.13. The new dimension should be 200x270 and if we want 
to obtain two zones of fasteners 200x310.  

   
 Figure 3.12 Assumption 1   Figure 3.13 Assumption 2  
 
  
Table 3.8 Results of the capacity of the connection   

 Capacity connection  

 Assumption 1 Assumption 2 

    per side 7 7 1 

  6 6 4 

   40 41,6 

Fasteners nails  H L H L 

46/42   74,4 kN 74,4 kN 85 kN 85 kN 

  Capacity for one fishplate  

Fasteners nails  H L H L 

46/42  37,2 kN 37,2 kN 42,5 kN 42,5 kN 

Block shear/ plug shear  156 kN 180 kN  

 
The results shown in the brochure for a fishplate are close to the results obtained with the different 
assumptions. It is possible to conclude that the assumption about the calculation with a row with a 
different number of fasteners can be relevant. The EC5 misses some advice for an irregular 
repartition of fasteners per row parallel to the grain. Moreover we can note, according to those 
examples, that when the minimum spacing required in the EC5 is respected there is no risk of block 
shear and plug shear failure. 
 

3.3 Connection 3: Moment resisting column base  
 

 
Figure 3.14 Moment resisting column base with fishplates and nails  
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The material: 
Nail   Length: 50 mm  

Diameter: 4 mm 

  Tensile strength     =600 MPa 

Timber  GL32 Density   =410       
Steel plate thickness  5 mm 
Service class  1-2  
Load duration:  Medium term  

Table 3.9 the results given by Martinsons  

   Moment capacity (kN.m) 

   wide of the columns    (mm) 

Number of nails 
per plate  BT (mm) 315 360 405 450 495 540 585 630 

100 110 40 47 53 58 64 70 76,6 82,5 
120 130 48,8 55 63 70 77 84 91 98 
135 160 60 68 77 85 94 103 111 120 
155 180 67 77 88 96 106 116 125 135 
180 210 78 90 101 113 124 135 146 157 

The position of the fishplate on the narrow side of the column can be used for a large moment. The 
connection can resist the forces illustrated in Figure 3.15. The vertical force downwards is transferred 
to the foundation through direct contact pressure between the column and the foundation. The 
horizontal load is transferred from the column to the fishplate by contact pressure perpendicular to 
the grain. The design compressive strength perpendicular to the grain should be verified for this 
connection. The moment can be modeled as a couple of force illustrate in the figure 3.16. One force 
is downward, is transferred to the foundation by contact pressure. The other force causes a vertical 
uplift, which is transferred via the nails to the fishplate. 
 

    
 Figure 3.15 Load action  Figure 3.16 Model 
 
The transfer of the force due to the moment is taken only by one fish plate. The model can be sum 
up in the fowling equation:  
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      is the force  upward due to the moment (kN) 

      is the force downward due to the moment (kN) 

M is the moment capacity (kN.m) 
F is the load carrying capacity of one fishplate (kN) 

    is the larger side of the column (m) 

  
This model allows us to define the load carrying capacity of connection from the moment capacity. 
The model is applied in order to determine the load capacity transferred by the nail calculated in the 
brochure. The results are illustrated in the table below.  
 
Table 3.10 Result of the capacity of one fishplate  

Nails per 
plate 

   (m) 0,315 0,36 0,405 0,45 0,495 0,54 0,585 0,63 
average 

of F 
100 M (kN.m) 40 47 53 58 64 70 76,6 82,5 

129,8   F (KN) 127 130,6 130,9 128,9 129,3 129,6 130,9 131 
120 M (kN.m) 48,8 55 63 70 77 84 91 98 

155,1   F (KN) 154,9 152,8 155,6 155,6 155,6 155,6 155,6 155,6 
135 M (kN.m) 60 68 77 85 94 103 111 120 

189,9   F (KN) 190,5 188,9 190,1 188,9 189,9 190,7 189,7 190,5 
155 M (kN.m) 67 77 88 96 106 116 125 135 

214,3   F (KN) 212,7 213,9 217,3 213,3 214,1 214,8 213,7 214,3 
180 M (kN.m) 78 90 101 113 124 135 146 157 

249,7   F (KN) 247,6 250 249,4 251,1 250,5 250 249,6 249,2 

The model used in order to obtain this result can be different of the one used here. The results 
present a small divergence in the value for the same number of fastener. The divergence is small 
enough to assume that the model used can be relevant. 
 
The illustration of the connection in the brochure gives no information about the placing of the nail 
and the number of the nails in row perpendicular to the grain. The narrow side corresponds to 
standard width of columns. Thus, it is assumed that no change is possible in the width dimension of 
the steel plate but only on the height. The current design of the steel plate does not allow the placing 
of the nails in accordance to the EC5. In order to limit the enlargement of the steel plate in height, it 
is assumed not to have the fastener in two separate areas.  
 
The different designs of the steel plate and repartition are based on the minimum spacing required in 
the EC5 and on the fact that we can have different number of fastener in a row parallel to the grain 
for calculation of the load capacity. The minimum spacing for the load parallel to the grain is equal to 
28 mm and for the load perpendicular to grain is 14 mm. The values are similar for the spacing at 

unloaded edge. The minimum required for the loaded end distance      is 42 mm. The different 

assumptions made about the fasteners placing are summarized in Table 3.11. The repartition is 
illustrated in the Figure 3.17. 
 

 
 
 
 
 
 
 
 
 
 

 Figure 3.17 Shape of the fishplate 
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Table 3.11 Assumptions of nail repartitions  

Nails per plate  BT (mm)    (mm)     n H (mm)  
 Top 
(mm) 

Edge  
(mm) 

100 110 22 5 20 590 16 22 
120 130 24 5 24 700 14 24 

    21 6 20 590 16 23 
135 160 32 5 27 780 10 32 

    
26 

3 23 
670 12 15 

    3 22 
155 180 36 5 31 900 18 36 

    
30 

5 26 
760 18 30 

    1 25 
    

20 
2 18 

530 12 20 
    7 17 

180 210 35 6 30 900 18 35 
    22 9 20 670 12 17 
    21 10 18 530 12 21 

BT is the width of the fishplate 
H is the total high of the fishplate 
Top  is the spacing between the last rows perpendicular to the grain at the end of the fishplate 
Edge is the spacing between the last fastener and the edge of the steel plate 
 
The calculations are made also with the spacing parallel to the grain being equal to 56 mm. The 

reduction factor      has no influence on the number of effective fasteners. That way the variable of 
placing has no influence, but only the strength of the nail. The easy way to increase the capacity of 
the connection is to increase the width of the steel in the purpose to increase the number of rows 
parallel to the grain. The block shear and plug shear failure is not calculated in the case of irregular 
repartition of fasteners per row parallel to the grain because this situation is not taken into account in 
the EC5. 
 
Table 3.12 Results capacity of the connection 

     Capacity in kN 

Nails per plate  BT (mm)   (mm)      n                   
Block shear/plug shear  

           

100 110 22 5 20 47,5 116 161 
120 130 24 5 24 53,7 

139 
219 

    21 6 20 56,7 184 
135 160 32 5 27 58,3 157 245 

    26 3 23 
61,5 156,6 

 

      3 22  
155 180 36 5 31 64,2 

180 

358 
    30 5 26 

67,7 
 

      1 25  
    20 2 18 

76,5 179,8 
 

      7 17  
180 210 35 6 30 75,3 

209 

407 
    22 9 20 85 291 

    21 10 18 87,7 266 
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The values obtained with   = 28 mm are significantly smaller than the value in the brochure. With 

      mm values are closer but still smaller with a different varying between 14 up to 40 kN. 

From this calculation we can see that the reduction factor      can have a strong influence on the 
finale capacity of the connection. The difference of the value can arises from the calculation of the 
model established when the moment is taken into account. Moreover, there is no risk of block shear 
and plug shear failure. 
 
To conclude the accordance with the Eurocode 5 for the connection 3 the change of design of the 
steel plate can be avoided. The strength to withstand a moment is much lower than given in the 
brochure. 
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4. Conclusion  

Eurocode 5 has a strong impact on the capacity of the connection and the design of the steel plate. 
The first major influence is with respect to the minimum spacing. Those requirements impose a 
specific dimension of the fishplate as a function of the diameter of the dowel using. Moreover, the 
minimum distance required dictates the positioning of the fastener. Those requirements involve the 
fact that the position of the fastener on the steel plate should be indicated in detail. In addition the 
number of fasteners should be determined in such a way that the repartition is uniform and 
symmetric as a function of rows and columns according to the space reserved on the fishplate. When 
the minimum spacing required in the EC5 is respected there is no risk of block shear and plug shear 
failure. 
 
The capacity of the connection is strongly influenced by the distance between the fasteners parallel to 
the grain which determines the effective number of fasteners. In the EC5 the application of the 
calculation of the effective number of fasteners is not clear and misses some advice in the case of 
load at an angle to the grain. The way to increase the capacity of the connection is to place the 

fastener such as    equal or superior to 14d in order to not reduce the number effective of fastener. 
In the case when this option is not possible, the number of fasteners per row should be minimized 
instead of the number of row of fasteners parallel to the grain. The repartition of the nails can cause 
a big range of values of the capacity of the connection due to the calculation of the effective number 
of fasteners. The EC5 does not take into account the case when the spacing between the fasteners 
parallel to the grain is irregular. 
 
The strength of the screw is higher with the EC5. This difference can arise from of the fact that the 
withdrawal capacity is taken into account. For the example studied, the difference of the value 
observed with the Swedish regulation that can only be explained by this phenomenon.  
 
The regulation of EC5 is based on a static methodology in order to take into account the most 
possible variables, which can change the proprieties of the different materials involved in the 
structure. But these calculations are still a model and can predict with a high precision the strength. 
Timber is influence by so many variables and also by the implementation. The calculations of the 
capacity of connection vary strongly between the different regulations. The principal difference, 
which creates a big variance in the value, from the number of variables take into account and the 
assumptions made in order to simplify the calculation. In the case of calculation of the connection 
the biggest difference comes from the establishment of the effective number of fastener.  
 
 This study underlines the challenges in making a regulation for designing a structure. The 
methodology of calculation has to take into account most variables possible, so that it could be closer 
to the real strength. But also does not limit the possibility of designing a structure. In a same time a 
regulation has to be easy to use. I can conclude that these different observations are not easy to 
match.  
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6. Appendix A 
The file  file_calculation_nails. containing the computing to calculate nails in single shear plane  
steel-to-timber 

7. Appendix B 
The file  file_calculation_screws. containing the computing to calculate screw in single shear plane  
steel-to-timber 

 

 


