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Abstract 

In order to predict the behaviour of bolted steel connections, different methods can be applied 

to calculate the design tension resistance. In this thesis, the tension resistance is evaluated in 

the context of the so called Component Method according to Eurocode 3 part 1-8. The design 

approach establishes a unified procedure of modelling steel joints. Each joint configuration is 

decomposed into its basic components depending on loading type. In order to design the 

resistance of components subjected to tensile forces, a simple substitute model, the so-called T-

stub flange is adopted.  

The Component Method is rather complicated to apply for all joint configurations. Therefore, 

the aim of this thesis is to create a brief and facilitated handbook covering the most common 

types of connections Kadesjös’ engineers deal with. The topic to be studied is rather 

comprehensive. Thus, this work is only focusing on the resistance calculation of components 

located in tension zone of HEA-sections in order to go deeper into the equivalent T-stub 

approach. 

To get a complete view about the designing procedure, general information about the 

Component Method are gathered by a literature study. Thereafter, the technical rules for 

calculation introduced in codes and standards were used to generate a general solution 

algorithm for two different connection configurations. The calculations have been performed 

using Mathcad, and the obtained results from a parametric analysis for particular profiles in 

each example are then summarised in tables and diagrams using Microsoft Excel.  

Keywords: Eurocode 3, component method, basic component, tension zone, T-stub flange, 

bolted end plate connection, extended end plate, prying forces, yield lines 
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Sammanfattning 

Att förutse skruvförbands beteende kan kräva tillämpning av diverse metoder. Metoderna 

används för att kalkylera den dimensionerande lastkapaciteten. I denna avhandling värderas 

lastkapaciteten i enlighet med den så kallade Komponentmetoden från del 1-8 i Eurokod 3. 

Denna dimensioneringsmetod fastslår en enhetlig procedur när det gäller modelleringen av 

stålförband. Varje förbandstyp bryts ner till sina baskomponenter med avseende på 

belastningstypen. För att beräkna den dimensionerande lastkapaciteten för dragbelastade 

komponenter används en förenklad substitutionsmodell en så kallad T-knut. 

Komponentmetoden är något komplicerad att tillämpa för alla former av skruvförband. Därmed 

är den huvudsakliga ambitionen med arbetet att skapa en kortfattad handbok vars syfte är att 

täcka de vanligaste typerna av skruvförband som Kadesjös konstruktörer använder sig av. 

Ämnet som kommer att studeras är relativt omfattande, således bestämdes det att i huvudsak 

sätta fokus på bärförmågan hos komponenter i dragzonen för HEA-profiler och därav dyka 

djupare i den ekvivalenta T-knutmetodiken. 

För att få en helhetsbild av dimensioneringsprocessen samlades allmän information om 

komponentmetoden genom litteraturstudier. Därefter användes dimensioneringsreglerna, 

presenterade i koder och standarder, för beräkning av lastkapacitet. Dessa utnyttjades för att 

generera en lösningsalgoritm för två skilda förband. Beräkningen genomfördes med hjälp av 

beräkningsprogrammet Mathcad. De erhållna resultaten, från en parametrisk analys för 

särskilda profiler i varje exempel, sammanfattades i form av tabeller och diagram med hjälp av 

Microsoft Excel.  

Nyckelord: Eurocode 3, komponentmetoden, baskomponenter, dragzon, ekvivalenta T-knut, 

skruvat ändplåtsförband, förlängd ändplåt, bändkrafter, flytled. 
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Nomenclature  

Greek Letters 

Notation  Description     Unit  

𝛾𝑀  Partial safety factor (subscripts are defined for each particular usage)    - 

𝜔1 Reduction factor that allows for the interaction with shear in the                   -                     

column web panel    

  

Roman Letters 

Notation  Description     Unit 

𝐴 Cross section area (subscripts c or b refer to column or beam) mm2 

𝐴𝑠 Tensile stress area of a bolt    mm2 

𝐴𝑣 Shear area of a column web (subscripts c refers to column)  mm2 

𝑎 Effective throat thickness of a fillet weld   mm 

𝑏 Section breadth (subscripts c, b and p refer to column, beam and plate) mm 

𝑏𝑒𝑓𝑓.𝑡.𝑤𝑐   Effective width of the column web in tension  mm 

𝑏𝑒𝑓𝑓.𝑡.𝑤𝑏  Effective width of the beam web in tension   mm 

𝑑 Bolt diameter     mm 

𝑑0 The hole diameter for a bolt    mm 

𝑒 Distance from the centre of fasteners to the nearest edge (subscripts are    mm             

defined for the particular use) 

𝐹𝑇,1,𝑅𝑑 Tension resistance for the bolts in the T-stub for Mode 1   kN                                                    

(subscripts c or p refer to column or plate)    

𝐹𝑇,2,𝑅𝑑 Tension resistance for the bolts in the T-stub for Mode 2                            kN          

(subscripts c or p refer to column or plate)    



x 

 

𝐹𝑇,3,𝑅𝑑 Tension resistance for the bolts in the T-stub for Mode 3                            kN          

(subscripts c or p refer to column or plate)    

𝐹𝑇,12,𝑅𝑑 Tension resistance for the bolts in the T-stub, no prying forces kN 

𝐹𝑡,𝑤𝑏,𝑅𝑑 Tension resistance of beam web in tension   kN 

𝐹𝑡,𝑤𝑐,𝑅𝑑 Resistance of an unstiffened column web in transverse tension kN 

𝑓𝑢 Ultimate strength of an element (subscripts b refer to bolt)                        MPa 

𝑓𝑦 Yield strength of an element (subscripts b refer to bolt)                        MPa 

ℎ Section height (subscribe c, b, p, b.head and nut refers to                           mm         

column, beam, plate, bolt head height and nut height, respectively) 

𝐿𝑏 Bolt elongation length, taken as equal to the grip length                             mm                     

(total thickness of material and washers), plus half the sum                                                        

of the height of the bolt head and the height of the nut. 

𝑙𝑒𝑓𝑓,1  Effective length of an equivalent T-stub for Mode 1                                   mm           

(subscripts c or p refer to column or plate) 

𝑙𝑒𝑓𝑓,2  Effective length of an equivalent T-stub for Mode 2                                   mm      

(subscripts c or p refer to column or plate)                                             

𝑀𝑝𝑙,1,𝑅𝑑 Plastic resistance moment of the equivalent T-stub for Mode 1                  kNm         

(subscripts c or p refer to column or plate) 

𝑀𝑝𝑙,2,𝑅𝑑 Plastic resistance moment of the equivalent T-stub for Mode 2                  kNm     

(subscripts c or p refer to column or plate) 

𝑚 The distance between the bolt axis and the section corresponding              mm                   

to a “potential” plastic hinge at the flange-to-web connection  

𝑚𝑥 Distance between the bolt axis and the section corresponding                    mm                   

to a “potential” plastic hinge at the flange-to-web connection                                        

for the end-plate extension  

𝑛𝑏 Number of bolts in an equivalent T-stub (subscripts c or p refer                  -                    

to column or plate) 



xi 

 

𝑝 Thread pitches (spacing between adjacent threads)                         mm 

𝑝1 Row spacing, parallel to the loading direction (subscripts c, b                    mm                  

and p refer to column, beam and plate)  

𝑝2 Row spacing, perpendicular to the loading direction (subscripts                 mm                     

c, b and p refer to column, beam and plate) 

𝑟 Root radius of the rolled section (subscripts c or b refer to                          mm             

column or beam)     

𝑡 Section thickness (subscripts p and washer refer to plate                             mm                  

and washer’s thickness)       

𝑡𝑏  Thickness of flange (subscripts c or b refer to column or beam)                  mm 

𝑡𝑤  Thickness of web (subscripts c or b refer to column or beam)                     mm 

𝑤 Horizontal distance between bolt centre lines (gauge)                         mm 

 

Abbreviations 

Abbreviation  Description 

EC3  Eurocode 3 part 1–8 

CM  Component Method
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Chapter 1 

1 Introduction 

1.1 Background  

It is obvious that the behaviour of joints is rather complicated to analyse. Many studies and 

researches have been undertaken over the past three decades to provide coherent predictions 

about how steel joints behave in failure (Silva, Santiago, & Real, 2002). An optimal and safe 

construction requires that joints are properly designed. Otherwise, failure occurs regardless of 

the satisfaction of the basic design requirements by all structure members. Utilisation of steel 

framing systems is quite standard nowadays, such systems include, for example, beam-to-beam 

and beam-to-column connections with various rigidity. 

In order to predict the behaviour of joints, different methods can be applied. The methods can 

be divided into five categories: empirical models, analytical models, finite element models, 

physical models (experimental testing) and mechanical models (Augusto, Silva, Rebelo, & 

Castro, 2006). In this thesis a decision is made to tackle the problem by presenting a 

methodology of  a mechanical model, the so-called Component Method (CM) according to 

Eurocode 3 part 1–8, Design of joints (EC3) (EN 1993-1-8. Eurocode 3, 2002).  This method 

is widely accepted because it provides a balance between outcomes’ precision and ease of use. 

The design approach in EC3 establishes a unified procedure of modelling steel joints. Each joint 

configuration is decomposed into its basic components, depending on loading type. The CM 

uses a theory based on assemblage of linear and non-linear springs to determine the structural 

properties of the joint i.e. the resistance, the rotational stiffness and the rotation capacity 

(Norlin, Lecture Notes). In order to design the resistance of components subjected to tensile 

forces, a simple substitute model, the so-called T-stub flange is adopted and it can be considered 

as the actual connection in itself. The T-stub can be seen as one of the main components of 

beam to column bolted joints (Al-Khatab & Boucha¨ır, 2007).  
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1.2 Aim and Scope 

This master thesis is written in cooperation with Kadesjös Ingenjörsbyrå in Västerås. Since its 

begining as a consulting company in 1945 Kadesjös has worked with construction and 

plumbing design. In a meeting with one of the company’s designers, Markus Strok revealed a 

desire for a calculation tool for two different connection configurations. Connections conducted 

with bolted joints are designed according to EC3 and the code itself is not so user-friendly. 

Therefore, the majority of joint designs are conducted with aid of handbooks. The main aim of 

this thesis is to create a brief and facilitated handbook covering the most common types of 

connections the company deals with.  

1.3 Methodology  

The literature study has been an extensive part of this work. First, general information about 

the CM were gathered to get a comprehensive view about the background of the design 

procedure. The technical rules for calculation, introduced in codes and standards, were 

thereafter used to generate a general solution algorithm for moment-resisting joints.  

1.4 Limitations and Assumptions 

This thesis covers only the design of bolted connections between columns and beams with 

HEA-sections. The bolts are assumed to be fully threaded, according to ISO 4017 (Fuller, 

2017).   

According to EC3, an equivalent T-stub in tension can be used to determine the resistance of 

the basic components: 

- Column flange in bending 

- End-plate in bending 

- Flange cleat in bending 

- Base plate in bending under tension 

The topic to be studied is rather comprehensive, thus, the subject is narrowed to analyse only 

the first two basic components mentioned above. 
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1.5 Thesis outline  

In order to get an overview of the thesis structure, a short description of each chapter is 

presented below. 

Chapter 2, in this part presents briefly the theory of bolted connections’ design procedure. The 

theory chapter describes the CM used in EC3 as well as the underlaying features such as the 

equivalent T-stub, the effective length, prying action and the different failure modes. 

In Chapter 3, the CM is presented more specifically through reviewing the solution algorithm 

for two different examples constituting the basis of calculation in this thesis.  

Chapter 4 presents and discusses the results of parametric analysis on the tension resistance of 

different T-stubs in each example.  

Appendix A includes the analytical solution of each example done with Mathcad and illustrates 

the obtained results.  

Appendix B includes the excel sheets of the parametric analysis for each example.  
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Chapter 2 

2 Background for Design Procedures 

Steel frame systems often consist of bolted connections, through which forces and moments 

can be transferred between different members. The behaviour of such connections is evaluated, 

in the context of the so-called Component Method, according to EC3, that corresponds to a 

simplified mechanical model consisting of extensional springs and rigid links. The Component 

method provides a procedure to analyse the joints’ structural properties; resistance to internal 

forces and moments in the connected members, rotational stiffness and rotation capacity. This 

work focuses only on the calculation of the design resistance of each connection configuration.   

2.1 Component Method  

The component method is defined as decomposing a joint into its basic components depending 

on the type of loading, to simplify the prediction of the steel joint response (Augusto, Silva, 

Rebelo, & Castro, 2006). Part 1-8 of EC3 represents twenty different types of components with 

their structural properties that allow the calculation of a wide range of joint configurations and 

loading conditions. The analysis and design of joints requires adequate knowledge about the 

behaviour of relevant components. 

In order to apply this method, depending on the type of connection, a joint can be subdivided 

into three different zones: tension, compression and shear. Within each zone, as shown in Figure 

2.1, several types of probable deformation mechanisms (basic components) can be identified 

which in turn contribute to the overall response of the joint (Coelho, Silva, & Bijlaard, 2006).  

A general procedure to be followed while using the component method is presented below. It 

is divided into three steps: 

 Identification of the relevant components 

 Characterisation of each individual component; resistance, stiffness coefficient, rotation 

capacity 

 Assembly of those basic components to derive the structural properties of the joint 
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To model the resistance of the components from the tension zone of the joint; bolts in tension, 

column flange in bending and end plate in bending, an equivalent T-stub methodology is 

applied (Coelho, Silva, & Bijlaard, 2006). 

2.1.1 Equivalent T-stub in tension 

The Component Method suggests using a simple substitute model, the so-called T-stub to assess 

the components deformation in the tension zone. The model is an adequate idealisation that 

represents the behaviour of the tensile zone. In the 1970’s Zoetemeijer successfully introduced 

the T-stub concept consisting of an idealisation of the tension region of end-plate connections 

and proposing yield line models for the evaluation of strength (Silva L. S., 2008). The 

formulations are based on the energy method and involves a set of yield lines around the bolts 

leading to the effective length of a T-stub, 𝑙𝑒𝑓𝑓 , see 2.1.2. 

As noted in clause 6.2.2 in EC3, an equivalent T-stub in tension may be applied to assess the 

resistance of the basic components including end-plates in bending. According to previous 

researches, the behaviour of the end-plate was always in focus. Therefore, the T-stub approach 

is illustrated only for such a connection configuration. Theoretically, the procedure can be 

applied to any beam-to-column connection. Figure 2.2 illustrates an example of converting an 

extended end plate connection to a T-stub flange. 

Figure 2.1 Joint components to be evaluated for a moment resisting bolted beam-to-column 

connection (SCI_P398, p. 14) 
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In a beam-to-column connection with an end-plate, the T-stub approach should be applied to 

both sides of the connection; the column side and the end-plate side. This depends on the 

difference in thicknesses between the column flange and the end-plate and their boundary 

conditions. In the example above, two situations should be considered on the column side: the 

bolt-rows act individually (index “ri”) or in group (index “r (i+j)”). These two situations should 

be taken into consideration for end-plates with two or more bolt-rows below the flush line i.e. 

between the flanges (Coelho, Silva, & Bijlaard, 2006). 

End-plate connections are categorised into three topologies: header, flush and extended end-

plate connections. The distinction between the different types depends on the relation between 

the end-plate length and the beam’s depth. If the end-plate has a height less than the beam 

height, it is called header; if they both have approximately the same height then it is flush and 

if the end-plate is longer that the beam section (in a way that a bolt-row is located in the space) 

it is called an extended end-plate, see Figure 2.3. 

Figure 2.2 T-stub idealization of an extended end-plate bolted connection with two 

bolt rows in tension (Coelho, Silva, & Bijlaard, 2006, p. 36) 
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The extended end-plate is more often used than the other two types as its stiffness and strength 

are higher (Díaz, Victoria, Martí, & Querin, 2011) 

  

 

 

 

 

According to clause 6.2.4.5 in EC 3, the groups of bolt-rows at each side of any stiffener 

connected to the end-plate should be treated as separate equivalent T-stubs. In the same context, 

the extension of the end-plate and the part between the beam flanges should be modelled as two 

separate equivalent T-stubs.  

2.1.2 Effective length  

The effective length of a T-stub is a notional length. It does not need to represent any physical 

length and should not necessarily exceed the flange width. The 𝑙𝑒𝑓𝑓 is defined by the 

equivalence between a beam model and the actual plate behaviour in the plastic failure state 

where the collapse occurs as a result of the yield line development. Figure 2.4 illustrates 

different possible yield line patterns around the bolt, which in turn characterise the effective 

length of T-stubs (Maggi, Gonçalves, Leon, & Ribeiro, 2005). EC3 presents expressions for 

evaluating 𝑙𝑒𝑓𝑓 for two different failure patterns; circular and non-circular (SCI_P398). In 

accordance with EC3 and in line with the upper boundary method of plastic analysis, the value 

of 𝑙𝑒𝑓𝑓, which leads to the lowest plastic resistance, has to be adopted 

 

Figure 2.3 End-plate connection configurations: a) header; b) flush; c) extended. 

(Díaz, Victoria, Martí, & Querin, 2011, p. 1579) 
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The failure patterns illustrated in Figure 2.4 are more probable for thin end-plates, while the 

failure development is different for thicker plates. The bolt elongation governs the overall 

response (Coelho, Silva, & Bijlaard, 2006). Three possible failure modes can be distinguished 

focussing on which basic component that will actually fail.  

2.1.3 Prying action and different failure modes 

Prying Action Phenomena: 

The resistance of the equivalent T-stub flange is calculated for three possible failure modes and 

is taken as the lowest resistance value obtained from the modes in Table 6.2 in EC3. In modes 

1 and 2, a so-called prying action is developed and by prying forces it is meant the resultant of 

the clamping force between the flanges in contact. In joints where bolts are subjected to tension, 

additional forces most often arise due to deformation in flanges and load eccentricity. 

According to previous studies, the sum of the transferred forces by each bolt is greater than the 

external loads and depends on prying forces due to bending in flanges when their outer edges 

are pressed together. In Figure 2.5, a simplified T-stub is shown in order to understand how the 

prying forces affect the behaviour of joints. The external load leads to deflections in the flanges, 

which in turn causes development of internal forces Q, therefore, the bolts should transfer the 

prying forces, Q, in addition to the external load (Norlin, Veljkovic, & Husson, Att konstruera 

med stål).  

 

Figure 2.4 The concept of effective length, leff for an equivalent T-stub flange 

(Norlin, Veljkovic, & Husson, Att konstruera med stål, p. 26) 
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Failure Modes: 

As mentioned above, the design resistance of a T-stub flange can be obtained from three 

different failure mechanisms where prying forces may or may not develop, Mode 1, Mode 2 

and Mode 3, depending on where plastic hinges are formed. Figure 2.6 illustrates the different 

failure modes presented in EC3: 

 

 
 
 
 
 
 
 

 

 

Mode 1 Complete Flange Yielding: 

This mode corresponds to a failure mode caused by yielding of the flanges. The flanges are so 

thin that plastic hinges develop before the load capacity of a bolt is reached. The bolts have a 

higher capacity compared to the relatively thin flanges and can take any extra prying forces, 

yield lines can also develop along the bolt rows.   

 

Mode 1 Complete Flange Yielding Mode 2 Bolt Failure with Flange Yielding Mode 3 Bolt Failure 

Figure 2.6 Failure modes for T-stubs in Eurocode-3 (SCI_P398, p. 10). 

No prying action due to long and 

slender bolts.   𝐹𝑡 =
𝐹

𝑛𝑏
 

Prying action develops due 

to massive and short bolts.   

Increased forces in bolts due to 

prying forces, Q.   𝐹𝑡 =
𝐹

𝑛𝑏
+

𝑄

2
 

Figure 2.5 Prying action effect (Norlin, Lecture Notes, p. 356) 
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Mode 2 Bolt Failure with Flange Yielding: 

This mode occurs owing to a combination of partial yielding of flanges and tensile failure in 

bolts due to prying forces. Yield lines along the bolt rows cannot develop before the bolts load 

capacity is reached. 

Mode 3 Bolt Failure: 

This mode is characterised by the tensile failure in bolts, the flange is sufficiently thick and no 

significant yielding occurs in the flanges. 

In EC3 another case is mentioned, it is assumed that no prying forces develop, the bolts are 

relatively long and therefore can elongate enough leading to negligible prying forces (Norlin, 

Lecture Notes).  
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Chapter 3 

3 Design procedure  

This chapter sets out a detailed solution algorithm for two examples of joint configurations. The 

worked examples illustrating the procedure are presented in Appendix A.   

3.1 Design Method  

A bolted connection’s design method is necessarily an iterative procedure; firstly, a 

configuration of bolts and stiffeners, if needed, is selected; secondly the selected configuration 

resistance is evaluated. The configuration can then be modified for greater resistance and 

economy, as appropriate. The whole procedure is repeated until an acceptable solution is 

obtained (SCI_P398). 

Generally, to evaluate the resistance of a bolted connection, an eight-step procedure, according 

to SCI/BCSA design guide on Joints in Steel Construction: Moment – Resisting Joints to 

Eurocode 3, is presented. In the first three steps, the resistances of the different zones are 

calculated. This involves the calculation of components’ resistances in each zone. In the fourth 

step, the final tension resistance is determined in order to calculate the moment resistance. The 

full shear resistance of the connection is calculated in step five. In the final three steps the 

adequacy of stiffeners and welds are verified respectively. 

This work is focusing only on the resistance calculation of components located in tension the 

zone in order to go deeper into the equivalent T-stub approach and further study its deformation 

behaviour. See Note 2 in clause 3.2.2. 

3.2 Example 1 – Bolted Beam-to-Beam connection (Unstiffened) 

3.2.1 General description 

This example is about two HEA300 beams bolted flange to flange with four, non-preloaded   

M16 bolts of class 8.8. The upper beam is subjected to external loads, shear force and bending 

moment about its major axis while the lower beam is subjected to transvers tension in the web 

as well, Figure 3.1.  
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3.2.2 Design steps 

To design the resistance of a bolted connection, it is important to first study how the current 

loads affect the joint. In this case, the loads applied to the upper beam are supported by the 

beam’s web and flanges i.e. the load is not transferred to the joint. Hence, the tensile stress 

caused by the bending moment, leads to that the lower flange of the subjected beam yields 

easier compared to the upper flange of the other beam i.e. it has a lower effective yield strength. 

But this effect is not considered in the designing calculations. However, the reaction force 

applied to the lower beam is taken entirely by the bolts and therefore it should not exceed the 

bolts’ tension resistance. To determine the tension resistance of the bolts CM is applied, this 

involves selecting component no.4 - column flange in bending associated with bolts in tension 

and component no.10 - Bolts in tension from Table 6.1 in EC3, Figure 3.2.  

 

 

 

 

 

 

 

Figure 3.1 Construction’s side view 

 

Figure 3.2 Components no.10 and 4 from Table 6.1 in EC3 
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The referred application rules, clause 6.2.4.4 in Figure 3.2, are outlined in detail in the procedure 

below.  

Note 1: The calculations should be performed for both sides; the upper beam flange and the 

lower beam flange. Since both beams are identical, i.e. both flanges have the same thickness, 

so the calculation procedure is performed only once.   

Note 2: Hence, steps 1, 2 and 3 concern the calculation of the tension resistance of component 

no.4 - column flange in bending associated with bolts in tension and the tension resistance of 

component no.10 - Bolts in tension. 

3.2.2.1 Step 1  

Determine the key dimensions 𝑒 and 𝑚, illustrated in Figure 3.3, to be used in calculating the 

effective length, 𝑙𝑒𝑓𝑓. 

 

 

 

 

 

 

For the beam flange: 

𝑚 =
𝑤

2
− (

𝑡𝑤𝑏

2
+ 0.8𝑟𝑏)                                                               (3.1) 

𝑒 =
𝑏𝑏

2
−
𝑤

2
                                                 (3.2) 

Where: 

𝑚 represents the distance between the bolt axis and the section corresponding to the 

“potential” plastic hinge at the flange-to-web connection  

𝑟𝑏 = 𝑟 is the fillet radius of the rolled section (beam) 

Figure 3.3 Definitions of e, m and rb 
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𝑒 = 𝑒2 is the end distance from the centre of the bolt hole to the edge of the beam flange 

𝑤 is the horizontal distance between bolt centre lines (gauge), in both directions 

𝑡𝑤𝑏  is the beam web thickness 

𝑏𝑏  is the beam flange width 

In this example, eight equivalent T-stubs need to be considered i.e. four per beam, Figure 3.4. 

Nevertheless, as mentioned above in Note 1, the idealization of the T-stubs is performed only 

once. In reality only two T-stubs need to be checked, due to all symmetries.  

Convert the considered bolt row to an appropriate equivalent T-stub, Figure 3.4. Each bolt row 

is considered to be acting alone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Idealization of T-stub, lower beam Idealization of T-stub, upper beam 

 

Figure 3.4 Idealization of T-stub flanges, Example 1 
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3.2.2.2 Step 2  

Calculate the effective length, 𝑙𝑒𝑓𝑓 of each equivalent T-stub flange for an unstiffened beam 

flange, according to clause 6.2.4.4 in EC3. Bolt-rows are considered individually, see clause 

2.1.1 in Chapter 2. Both rows are adjacent to the flange edges so that each row is treated as an 

end bolt-row, Table 6.4 in EC3. In order to cover all possible failure patterns, different effective 

length configurations should be studied, Figure 3.5.  

Cases 1 and 3 illustrate the effective lengths of the T-stub for the bolts on each side of the 

beam’s web and the other two cases i.e. 2 and 4 illustrate the effective lengths of the T-stub for 

the bolts on the same side of the beam’s web. 

 

 

For each of the situations above i.e. circular and non-circular, use the smallest value of 𝑙𝑒𝑓𝑓,𝑐𝑝 

and 𝑙𝑒𝑓𝑓,𝑛𝑐. Hence, 𝑒 = 𝑒2  which is the edge distance perpendicular to the loading direction.  

𝑙𝑒𝑓𝑓,𝑐𝑝 = min {
2𝜋𝑚

𝜋𝑚 + 𝑤
}                                                                               (3.3) 

𝑙𝑒𝑓𝑓,𝑛𝑐 = min {
4𝑚 + 1.25𝑒2

2𝑚 + 0.625𝑒2 + 
𝑤

2

}                                                    (3.4) 

The value of 𝑙𝑒𝑓𝑓which leads to the lowest plastic resistance, for both; complete yielding of the 

flange, Mode 1, and bolt failure with yielding of the flange, Mode 2, is adopted. 

𝑙𝑒𝑓𝑓.1 = min {
𝑙𝑒𝑓𝑓,𝑐𝑝
𝑙𝑒𝑓𝑓,𝑛𝑐

}            𝑙𝑒𝑓𝑓,2 = 𝑙𝑒𝑓𝑓,𝑛𝑐             (3.5) 

Figure 3.5 Circular and non-circular yield line patterns. 
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3.2.2.3 Step 3 

Beam flange in bending:  

In order to calculate the design tension resistance of the T-stub flange, FT,Rd , first, check if 

prying forces may develop, see clause 2.1.3 in Chapter 2. Prying forces may develop if: 

  𝐿𝑏 ≤ 𝐿𝑏
∗      

𝐿𝑏 = 2 𝑡𝑓𝑏 +
ℎ𝑏,ℎ𝑒𝑎𝑑

2
+
ℎ𝑛𝑢𝑡

2
+ 2 𝑡𝑤𝑎𝑠ℎ𝑒𝑟              (3.6) 

𝐿𝑏
∗ =

8.8 𝑚3𝐴𝑠

𝑙𝑒𝑓𝑓,1 𝑡𝑓𝑏
3                  (3.7) 

Where: 

𝐿𝑏 is the bolt elongation length, taken as equal to the grip length (total thickness of 

material and washers), plus half the sum of the height of the bolt head and the 

height of the nut. 

𝑡𝑓𝑏  is the flange thickness 

𝑡𝑤𝑎𝑠ℎ𝑒𝑟  is the washer thickness 

ℎ𝑏,ℎ𝑒𝑎𝑑  is the bolt head height  

ℎ𝑛𝑢𝑡  is the nut height 

𝐴𝑠 is the tensile stress area of a bolt 
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Calculate the tension resistance of the T-stub for three different modes illustrated in Figure 3.6. 

 

 

Mode 1 Complete yielding of the flange, without backing plates  

Check both Methods 1 and 2. In Method 2 the force applied to the T-stub flange by a bolt should 

be assumed to be uniformly distributed under the washer, the head or the nut, as appropriate, 

instead of concentrated at the center-line of the bolt, see Figure 3.7. This assumption leads to a 

higher value of the resistance for Mode 1, but leaves the values for 𝐹𝑇,12,𝑅𝑑 and Modes 2 and 3 

unchanged.  

 

 

 

 

 

 

 

 

Figure 3.6 Resistance of a T-stub flange from Table 6.2 in EC3 

 

Figure 3.7 Methods 1 and 2, different force distributions, Table 6.2 in EC3 

Figure 3.6 Resistance of a T-stub flange from table 6.2 in EC3 
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Method 1:  

𝑀𝑝𝑙,1,𝑅𝑑 = 0.25 𝑙𝑒𝑓𝑓,1 𝑡𝑓𝑏
2  

𝑓𝑦

𝛾𝑀0
                            (3.8) 

𝐹𝑇,1,𝑅𝑑 =
4 𝑀𝑝𝑙,1,𝑅𝑑

𝑚
                        (3.9) 

Method 2: 

𝐹𝑇,1,𝑅𝑑 =
(8 𝑛−2 𝑒𝑤) 𝑀𝑝𝑙,1,𝑅𝑑

2 𝑚 𝑛−𝑒𝑤(𝑚+𝑛)
              (3.10) 

𝑒𝑤 =
𝑑𝑤

4
                     (3.11) 

𝑛 = 𝑚𝑖𝑛 {
𝑒𝑚𝑖𝑛
1.25𝑚

}              (3.12) 

Where: 

𝑓𝑦 is the yield strength 

𝛾𝑀0 partial factor (= 1.0) 

𝑒𝑚𝑖𝑛 is the edge distance from the centre of the bolt hole to the edge of the beam flange, 

measured in the loading direction (= e) 

𝑑𝑤  is the diameter of the washer, or the width across points of the bolt head or nut 

 

Mode 2 Bolt failure with yielding of the flange 

Calculate the tension resistance of one bolt, 𝐹𝑡,𝑅𝑑 Table 3.4 in EC3. 

𝐹𝑡,𝑅𝑑 =
𝑘2 𝑓𝑢𝑏 𝐴𝑠

𝛾𝑀2
              (3.13) 

𝑀𝑝𝑙,2,𝑅𝑑 = 0.25 𝑙𝑒𝑓𝑓,2 𝑡𝑓𝑏
2  

𝑓𝑦

𝛾𝑀0
             (3.14) 

𝐹𝑇,2,𝑅𝑑 =
2 𝑀𝑝𝑙,2,𝑅𝑑+𝑛  𝐹𝑡,𝑅𝑑 𝑛𝑏  

𝑚+𝑛
             (3.15) 
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 Where: 

𝑘2 =0.9 

𝑓𝑢𝑏 is the yield strength of the bolt 

𝛾𝑀2 partial factor (= 1.2) 

𝑛𝑏 is the number of bolts in the equivalent T-stub 

Mode 3 Bolt failure  

The obtained tension resistance in this mode is the total tension resistance of the bolts.  

𝐹𝑇,3,𝑅𝑑 = 𝑛𝑏 𝐹𝑡,𝑅𝑑               (3.16) 

 

Bolts in tension- with column flange:   

Calculate the tension resistance of the bolts in the T-stub flange.  

𝐹𝑇,𝑅𝑑,𝑏𝑜𝑙𝑡𝑠 = 𝑛𝑏 𝐹𝑡,𝑅𝑑               (3.17) 

Hence, the resistance value obtained from equation (3.17) is equivalent to the value obtained 

from Mode 3 Bolt failure in component no.4 - column flange in bending. 

3.2.2.4 Step 4 

Resistance - Summary: 

The smallest value of 𝐹𝑇,𝑅𝑑 obtained from the three failure modes illustrated in Figure 3.6, 

should be chosen. 

𝐹𝑇,𝑅𝑑 = 𝑚𝑖𝑛 {

𝐹𝑇,1,𝑅𝑑
𝐹𝑇,2,𝑅𝑑
𝐹𝑇,3,𝑅𝑑

}   
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3.3 Example 2 – Extended End-Plate connection (Unstiffened) 

3.3.1 General description 

This example is about a single sided beam-to-column connection, an HEA160 beam is bolted 

to an HEA300 column with an extended end-plate. In this connection, four non-preloaded M16 

bolts of class 8.8 are used. The beam is subjected to external loads, shear force and bending 

moment about the major axis, Figure 3.7 

 

 

3.3.2 Design steps  

As mentioned in the previous example, clause 3.2.2, the first step in the design procedure is to 

study how the current loads affect the joint. In this case, the shear force applied to the beam is 

taken by the beam web and the bending moment supported by the bolts is transferred to the 

column flange. The CM is applied to determine the resistance of the joint’s basic components 

in the tension zone, this involves selecting component no.3- column web in transverse tension; 

component no.4- column flange in bending associated with bolt in tension; component no.5- 

end-plate in bending associated with bolt in tension and component no.8- beam web in tension; 

component no.10 - bolts in tension from Table 6.1 in EC3, Figure 3.8 

 

 

 

 

 

Figure 3.7 Construction’s side view 

 

Figure 3.8 Components no.4, 5 and 10 from Table 6.1in EC3 
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The application rules, clauses 6.2.4.4 and 6.2.4.5 in Figure 3.8, are outlined in detail in the 

procedure below:  

Note 1: The T-stub approach should be applied to both sides of the connection; the column side 

and the end-plate side see clause 2.1.1, Chapter 2. 

Note 2: Steps 1, 2 and 3 concern the calculation of the tension resistance of the components 

mentioned in the design steps. Notice, the T-stub approach is only applied to assess the 

resistance of components no.4 and no.5.  

3.3.2.1 Step 1  

Column flange in bending: 

Determine the key dimensions 𝑒𝑚𝑖𝑛and 𝑚, illustrated in Figure 3.9, to be used in calculating 

the effective length, 𝑙𝑒𝑓𝑓  . 

 

 

 

 

 

 

𝑚 =
𝑤

2
− (

𝑡𝑤𝑐

2
+ 0.8𝑟𝑐)              (3.18) 

𝑒 =
𝑏𝑐

2
−
𝑤

2
               (3.19) 

𝑒𝑚𝑖𝑛 =
𝑏𝑝

2
−
𝑤

2
              (3.20) 

Where: 

𝑚 represents the distance between the bolt axis and the section corresponding to the 

“potential” plastic hinge at the flange-to-web connection  

Figure 3.9 Definitions of e, emin, m and 

rc 
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𝑟𝑐  is the fillet radius of the rolled section (column) 

𝑒 is the end distance from the centre of the bolt hole to the end of the column flange, 

measured in the loading direction. Hence, in this example 𝑒 = 𝑒2,𝑐 

𝑤 is the horizontal distance between bolt centre lines (gauge) 

𝑡𝑤𝑐  is the column web thickness 

𝑏𝑐, 𝑏𝑝  is the column flange/end-plate width 

𝑒𝑚𝑖𝑛 is the minimum end distance from the centre of the bolt hole to the end of the end-

plate; and the column flange  

End-plate in bending: 

Determine the key dimensions ex, mx, w and bp illustrated in Figure 3.10, to be used in calculating 

the effective length, 𝑙𝑒𝑓𝑓  . 

 

 

 

 

 

 

𝑚𝑥 = 𝑥 − 0.8√2𝑎              (3.21) 

𝑒𝑥 = 𝑏𝑝,𝑒𝑥𝑡. − 𝑥              (3.22) 

Where: 

𝑚𝑥 represents the distance between the bolt axis and the section corresponding to the 

“potential” plastic hinge at the flange-to-web connection for the end-plate 

extension  

Figure 3.10 Definitions of ex, mx, w and bp 
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𝑒𝑥 is the end distance from the centre of the bolt hole to the end of the end-plate 

extension, measured in the loading direction  

𝑥 is the distance from the centre of the bolt hole down to the beam flange 

𝑎 is the weld throat 

𝑏𝑝,𝑒𝑥𝑡.  is the width of the end-plate extension  

In this example two equivalent T-stub flanges need to be considered i.e. one for the column 

flange and the other is for the end-plate, Figure 3.11. 

 

 

 

 

 

 

Convert the bolt row in the tension zone to an appropriate equivalent T-stub, one for the beam 

side and the other for the end-plate side, Figure 3.12. 

 

 

 

 

 

Figure 3.11 Idealization of T-stub flanges, Example 2 

 

Idealization of T-stub, end-plate 

 
Idealization of T-stub, column 

 

Figure 3.12 The equivalent T-stubs, Example 2  
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3.3.2.2 Step 2  

Column flange in bending:  

Calculate the effective length, 𝑙𝑒𝑓𝑓,𝑐𝑝 of the equivalent T-stub flange for an unstiffened column 

flange, according to clause 6.2.4.4 in EC3. 

In this case, there is only one bolt-row in the tension zone that should be considered individually 

and it is treated as an End bolt-row. See clause 2.1.1 in Chapter 2. The two yield line patterns; 

circular and non-circular illustrated in Figure 3.13, are examined.  

 

 

For each of the situations above i.e. circular and non-circular, use the smallest value of 𝑙𝑒𝑓𝑓,𝑐𝑝 

and 𝑙𝑒𝑓𝑓,𝑛𝑐. Notice, the end-plate’s width in this case is smaller than the flange width, therefore, 

the adopted 𝑒 is 𝑒𝑚𝑖𝑛,𝑐.  

𝑙𝑒𝑓𝑓,𝑐𝑝 = 2𝜋𝑚               (3.23) 

 𝑙𝑒𝑓𝑓,𝑛𝑐 = 4𝑚 + 1.25𝑒              (3.24) 

The value of 𝑙𝑒𝑓𝑓 which leads to the lowest plastic resistance, for both; complete yielding of the 

flange, Mode 1, and bolt failure with yielding of the flange, Mode 2, is adopted. 

𝑙𝑒𝑓𝑓,1 = min {
𝑙𝑒𝑓𝑓,𝑐𝑝
𝑙𝑒𝑓𝑓,𝑛𝑐

}  𝑙𝑒𝑓𝑓,2 = 𝑙𝑒𝑓𝑓,𝑛𝑐             (3.5) 

Column web in transverse tension:  

In the calculation of the tension resistance of the column web in transverse tension, the adopted 

value of 𝑙𝑒𝑓𝑓 from the basic component column flange in bending should be used. See clause 

6.2.4.3(3) in EC3. 

Figure 3.13 Circular and non-circular yield line patterns. 
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End-plate in bending: 

Calculate the effective length, 𝑙𝑒𝑓𝑓 of the equivalent T-stub flange for the end-plate in bending 

according to clause 6.2.4.5 in EC3. The pair of bolts in the end-plate extension are treated as a 

Bolt-row outside tension flange of the beam, see Table 6.6 in EC3. In order to cover all possible 

failure patterns, different effective length configurations should be studied. The two yield line 

patterns; circular and non-circular illustrated in Figure 3.15 are examined. For the bolt-row in 

the end-plate extension, use 𝑒𝑥  and 𝑚𝑥  in place of 𝑒 and 𝑚 in Table 6.6 when calculating the 

resistance of the equivalent T-stub flange, see Figure 3.14. 

 

 

 
 
 
 

 

For each of the situations above i.e. circular and non-circular, use the smallest value of 𝑙𝑒𝑓𝑓,𝑐𝑝 

and 𝑙𝑒𝑓𝑓,𝑛𝑐. 

Figure 3.14 Dimensions of the end-plate extension 

 

Figure 3.15 Circular and non-circular yield line patterns 
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𝑙𝑒𝑓𝑓,𝑐𝑝 = min {

2𝜋𝑚𝑥

𝜋𝑚𝑥 + 2𝑒2,𝑝
𝜋𝑚𝑥 + 𝑤 

}             (3.25) 

𝑙𝑒𝑓𝑓,𝑐𝑝 = min

{
 
 

 
 

4𝑚𝑥 + 1.25𝑒𝑥
2𝑚𝑥 + 0.625𝑒𝑥 + 𝑒2,𝑝
0.5𝑤 + 2𝑚𝑥 + 0.625𝑒𝑥

𝑏𝑝

2 }
 
 

 
 

            (3.26) 

The value of 𝑙𝑒𝑓𝑓 which leads to the lowest plastic resistance, for both; complete yielding of the 

flange, Mode 1, and bolt failure with yielding of the flange, Mode 2, is adopted. 

𝑙𝑒𝑓𝑓,1 = min {
𝑙𝑒𝑓𝑓,𝑐𝑝
𝑙𝑒𝑓𝑓,𝑛𝑐

}   𝑙𝑒𝑓𝑓,2 = 𝑙𝑒𝑓𝑓,𝑛𝑐           (3.5) 

Beam web in tension:  

In the calculation of the tension resistance of the beam web in tension, the adopted value of 𝑙𝑒𝑓𝑓 

from the basic component end-plate in bending, should be used. See clause 6.2.4.8(2) in EC3. 

3.3.2.3 Step 3 

Column flange in bending:  

In order to calculate the tension resistance of the T-stub flange, 𝐹𝑡,𝑓𝑐,𝑅𝑑 first, check if prying 

forces may develop, see clause 2.1.3 in Chapter 2. Prying forces may develop if: 

𝐿𝑏 ≤ 𝐿𝑏
∗   

𝐿𝑏 = 𝑡𝑓𝑐 + 𝑡𝑝 +
ℎ𝑏,ℎ𝑒𝑎𝑑

2
+
ℎ𝑛𝑢𝑡

2
+ 2 𝑡𝑤𝑎𝑠ℎ𝑒𝑟            (3.27) 

𝐿𝑏
∗ =

8.8 𝑚3𝐴𝑠

𝑙𝑒𝑓𝑓,1 𝑡𝑓𝑐
3                 (3.28) 

Where: 

𝐿𝑏 is the bolt elongation length, taken as equal to the grip length (total thickness of 

material and washers), plus half the sum of the height of the bolt head and the 

height of the nut. 

𝑡𝑓𝑐  is the flange thickness 
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𝑡𝑝  is the plate thickness 

𝑡𝑤𝑎𝑠ℎ𝑒𝑟  is the washer thickness 

ℎ𝑏,ℎ𝑒𝑎𝑑  is the bolt head height  

ℎ𝑛𝑢𝑡  is the nut height 

𝐴𝑠 is the tensile stress area of a bolt 

Calculate the tension resistance of the T-stub for the three different modes illustrated in Figure 

3.16. 

 

Mode 1 Complete yielding of the flange, without backing plates  

Check both Methods 1 and 2. In Method 2 the force applied to the T-stub flange by a bolt should 

be assumed to be uniformly distributed under the washer, the head or the nut, as appropriate, 

instead of concentrated at the center-line of the bolt, see Figure 3.7 in Example 1. This 

assumption leads to a higher value of the resistance for Mode 1, but leaves the values for 

𝐹𝑇,12,𝑅𝑑 and Modes 2 and 3 unchanged.  

Method 1: 

𝑀𝑝𝑙,1,𝑅𝑑 = 0.25 𝑙𝑒𝑓𝑓,1 𝑡𝑓𝑐
2  

𝑓𝑦

𝛾𝑀0
             (3.29) 

𝐹𝑇,1,𝑅𝑑 =
4 𝑀𝑝𝑙,1,𝑅𝑑

𝑚
                (3.9) 

Figure 3.16 Resistance of a T-stub flange from table 6.2 in EC3 
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Method 2: 

𝐹𝑇,1,𝑅𝑑 =
(8 𝑛−2 𝑒𝑤) 𝑀𝑝𝑙,1,𝑅𝑑

2 𝑚 𝑛−𝑒𝑤(𝑚+𝑛)
              (3.10) 

𝑒𝑤 =
𝑑𝑤

4
               (3.11) 

𝑛 = 𝑚𝑖𝑛 {
𝑒𝑚𝑖𝑛
1.25𝑚

}              (3.12) 

Where: 

𝑓𝑦 is the yield strength  

𝛾𝑀0 partial factor (= 1.0) 

𝑒𝑚𝑖𝑛 is the smallest value between; edge distance from the centre of the bolt hole to the 

end of the column flange and  from the centre of the bolt hole to the edge of the 

end-plate 

𝑑𝑤  is the diameter of the washer, or  the width across points of the bolt head or nuts 

 

Mode 2 Bolt failure with yielding of the flange 

Calculate the tension resistance of one bolt, 𝐹𝑡,𝑅𝑑 Table 3.4 in EC3. 

𝐹𝑡,𝑅𝑑 =
𝑘2 𝑓𝑢𝑏 𝐴𝑠

𝛾𝑀2
              (3.13) 

𝑀𝑝𝑙,2,𝑅𝑑 = 0.25 𝑙𝑒𝑓𝑓,2 𝑡𝑓𝑐
2  

𝑓𝑦

𝛾𝑀0
             (3.30) 

𝐹𝑇,2,𝑅𝑑 =
2 𝑀𝑝𝑙,2,𝑅𝑑+𝑛  𝐹𝑡,𝑅𝑑 𝑛𝑏  

𝑚+𝑛
             (3.15) 

 Where: 

𝑘2 =0.9 

𝑓𝑢𝑏 is the yield strength of the bolt 

𝛾𝑀2 partial factor (= 1.2) 
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𝑛𝑏 is the number of bolts in the equivalent T-stub 

 

Mode 3 Bolt failure  

The obtained tension resistance in this mode is the total tension resistance of the bolts.  

𝐹𝑇,3,𝑅𝑑 = 𝑛𝑏 𝐹𝑡,𝑅𝑑               (3.16) 

The smallest value of 𝐹𝑡,𝑓𝑐,𝑅𝑑 obtained from the three failure modes, should be adopted. 

𝐹𝑡,𝑓𝑐,𝑅𝑑 = 𝑚𝑖𝑛 {

𝐹𝑇,1,𝑅𝑑
𝐹𝑇,2,𝑅𝑑
𝐹𝑇,3,𝑅𝑑

}   

Bolts in tension- with column flange:   

Calculate the tension resistance of the bolts in the T-stub flange.  

𝐹𝑇,𝑅𝑑,𝑏𝑜𝑙𝑡𝑠 = 𝑛𝑏 𝐹𝑡,𝑅𝑑               (3.17) 

Hence, the resistance value obtained from equation (3.17) is equivalent to the value obtained 

from Mode 3 Bolt failure in the basic component column flange in bending. 

Column web in transverse tension:  

Determine the design resistance of the column web from: 

𝐹𝑡,𝑤𝑐,𝑅𝑑 =
𝜔𝑏𝑒𝑓𝑓,𝑡,𝑤𝑐𝑡𝑤𝑐𝑓𝑦,𝑤𝑐

𝛾𝑀0
              (3.31) 

According to Table 6.3 in EC3, 𝜔 = 𝜔1(𝛽 ≈ 1, see Table 5.4 in EC3) 

𝜔1 =
1

√1+1.3(
𝑏𝑒𝑓𝑓,𝑡,𝑤𝑐𝑡𝑤𝑐

𝐴𝑣𝑐
)2

              (3.32) 

Where: 

 𝜔 is a reduction factor to allow for the possible effects of interaction with shear in 

the column web panel 
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𝑡𝑤𝑐 is the column web thickness 

𝑏𝑒𝑓𝑓,𝑡,𝑤𝑐 is the effective width of column web in tension and should be taken as equal to the 

effective length of the equivalent T-stub representing the column flange, see clause 

6.2.4.3(3) in EC3 

 𝛽 is the transformation factor 

𝐴𝑣𝑐 is the shear area of the column web, see clause 6.2.6(3) in En1993-1-1 

𝑓𝑦,𝑤𝑐 is the yield strength of the column web (= 𝑓𝑦) 

 

End-plate in bending: 

In order to calculate the design tension resistance of the T-stub flange, 𝐹𝑡,𝑒𝑝,𝑅𝑑 first, check if 

prying forces may develop, see clause 2.1.3 in Chapter 2. Prying forces may develop if: 

𝐿𝑏 ≤ 𝐿𝑏
∗     

𝐿𝑏 = 𝑡𝑝 + 𝑡𝑓𝑐 +
ℎ𝑏,ℎ𝑒𝑎𝑑

2
+
ℎ𝑛𝑢𝑡

2
+ 2 𝑡𝑤𝑎𝑠ℎ𝑒𝑟            (3.27) 

𝐿𝑏
∗ =

8.8 𝑚𝑥
3𝐴𝑠

𝑙𝑒𝑓𝑓,1 𝑡𝑝
3               (3.33) 

Calculate the tension resistance of the T-stub for the three different modes illustrated in Figure 

3.16. 

Mode 1 Complete yielding of the flange, without backing plates  

Check both Methods 1 and 2. In Method 2 the force applied to the T-stub flange by a bolt should 

be assumed to be uniformly distributed under the washer, the head or the nut, as appropriate, 

instead of concentrated at the center-line of the bolt, see Figure 3.7. This assumption leads to a 

higher value of the resistance for Mode 1, but leaves the values for 𝐹𝑇,12,𝑅𝑑 and Modes 2 and 3 

unchanged (EN 1993-1-8. Eurocode 3, 2002).  
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Method 1:   

𝑀𝑝𝑙,1,𝑅𝑑 = 0.25 𝑙𝑒𝑓𝑓,1 𝑡𝑝
2  

𝑓𝑦

𝛾𝑀0
             (3.34) 

𝐹𝑇,1,𝑅𝑑 =
4 𝑀𝑝𝑙,1,𝑅𝑑

𝑚𝑥
              (3.35) 

Method 2: 

𝐹𝑇,1,𝑅𝑑 =
(8 𝑛−2 𝑒𝑤) 𝑀𝑝𝑙,1,𝑅𝑑

2 𝑚𝑥 𝑛−𝑒𝑤(𝑚𝑥+𝑛)
              (3.36) 

𝑒𝑤 =
𝑑𝑤

4
               (3.11) 

𝑛 = 𝑚𝑖𝑛 {
𝑒𝑥

1.25𝑚𝑥
}              (3.37) 

Mode 2 Bolt failure with yielding of the flange 

Calculate the tension resistance of the bolt,  𝐹𝑡,𝑅𝑑 Table 3.4 in EC3. 

𝐹𝑡,𝑅𝑑 =
𝑘2 𝑓𝑢𝑏 𝐴𝑠

𝛾𝑀2
              (3.13) 

𝑀𝑝𝑙,2,𝑅𝑑 = 0.25 𝑙𝑒𝑓𝑓,2 𝑡𝑝
2  

𝑓𝑦

𝛾𝑀0
             (3.38) 

𝐹𝑇,2,𝑅𝑑 =
2 𝑀𝑝𝑙,2,𝑅𝑑+𝑛  𝐹𝑡,𝑅𝑑 𝑛𝑏  

𝑚𝑥+𝑛
             (3.39) 

Mode 3 Bolt failure  

The obtained tension resistance in this mode is the total tension resistance of the bolts in the T-

stub flange.  

𝐹𝑇,3,𝑅𝑑 = 𝑛𝑏 𝐹𝑡,𝑅𝑑               (3.16) 

The smallest value of 𝐹𝑡,𝑒𝑝,𝑅𝑑 obtained from the three failure modes, should be adopted. 

𝐹𝑡,𝑒𝑝,𝑅𝑑 = 𝑚𝑖𝑛 {

𝐹𝑇,1,𝑅𝑑
𝐹𝑇,2,𝑅𝑑
𝐹𝑇,3,𝑅𝑑

}   
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Bolts in tension- with end-plate:   

Calculate the tension resistance of the bolts in the T-stub flange.  

𝐹𝑇,𝑅𝑑,𝑏𝑜𝑙𝑡𝑠 = 𝑛𝑏 𝐹𝑡,𝑅𝑑               (3.17) 

Hence, the resistance value obtained from Equation (3.17) is equivalent to the value obtained 

from Mode 3 Bolt failure in the basic component end-plate in bending. 

Beam web in tension: 

Determine the tension resistance of the beam web from: 

𝐹𝑡,𝑤𝑐,𝑅𝑑 =
𝑏𝑒𝑓𝑓,𝑡,𝑤𝑏𝑡𝑤𝑏𝑓𝑦,𝑤𝑏

𝛾𝑀0
              (3.40) 

Where: 

𝑏𝑒𝑓𝑓,𝑡,𝑤𝑏 is the effective width of beam web in tension and should be taken as equal to the effective 

length of the equivalent T-stub representing the end-plate in bending, see clause 

6.2.4.8(2) in EC3 

𝑡𝑤𝑏 is the beam web thickness 

𝑓𝑦,𝑤𝑏 is the yield strength of the beam web (= 𝑓𝑦) 

3.3.2.4 Step 4 

Resistance - Summary: 

The design resistance of the bolts, 𝐹𝑇,𝑅𝑑 in the tension zone, is the smallest resistance value 

obtained from the basic components in this case:  

𝐹𝑇,𝑅𝑑 = 𝑚𝑖𝑛 

{
 

 
𝐹𝑡,𝑓𝑐,𝑅𝑑
𝐹𝑡,𝑤𝑐,𝑅𝑑
𝐹𝑡,𝑒𝑝,𝑅𝑑
𝐹𝑡,𝑤𝑏,𝑅𝑑}
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Chapter 4 

4 Results and Conclusions 

This chapter presents and discusses the results of a parametric analysis on the tension resistance 

of different T-stubs in each example studied in Appendix A. In order to study the behavioural 

variation of bolted connections due to changes in plate thickness and bolt diameters, these 

parameters are manipulated to discuss their influence on the results. However, there are other 

parameters that can have an effect on the results, such as spacing between bolts, which in both 

examples is kept constant. This parameter in turn leads to another limitation concerning the 

selection of beam/column dimensions. Therefore, a particular interval of beam/column 

dimensions are selected. 

The obtained results are then summarised in tables and diagrams using Microsoft Excel. For 

example, a schematic diagram of a T-stub’s tension resistance versus plate thickness is 

illustrated in Figure 4.1, which shows how the three different failure modes explained in clause 

2.1.3 in Chapter 2, can be distinguished for a particular bolted connection. This simplified 

procedure provides a practical tool to predict which mode can occur for a particular geometric 

relation.  

 

 

 

 

 

 

 

 

Figure 4.1 Schematic diagram of T-stub tension resistance versus plate thickness  
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4.1 Example 1 

As presented before, this example is about a bolted beam- to- beam connection with identical 

HEA profiles. For such a construction, beam profiles between HEA160- HEA600 are normally 

used. Each profile within this interval is studied with four bolt sizes: M12, M16, M20 and M24 

and as mentioned above, spacing between bolts is constant,  𝑝1 = 120 𝑚𝑚. In order to fulfil 

the requirement of the minimum distances, the sum of the edge distance, 1,2𝑑0 and the row 

spacing, 𝑝1 should be less than or equal to the beam flange width and as a result: 

 The analysis of M16 and M20 bolt connections begins with HEA180 

 The analysis of  M24 bolt connections begins with HEA200, see Table 4.1 

Beam 

profile 

t flange 

[mm] 

M12 M16 M20 M24 

T-stub Tension Resistance (2 bolts) 

[kN] 

HEA160 9 67,0 - - - 

HEA180 9,5 76,5 111,2 120,1 - 

HEA200 10 85,7 127,9 142,3 142,3 

HEA220 11 95,8 142,9 179,0 179,0 

HEA240 12 101,1 155,2 213,9 228,6 

HEA260 12,5 101,1 163,6 222,3 266,3 

HEA280 13 101,1 170,9 229,6 299,3 

HEA300 14 101,1 187,9 246,7 318,4 

HEA320 15,5 101,1 187,9 266,0 337,8 

HEA340 16,5 101,1 187,9 280,3 352,0 

HEA360 17,5 101,1 187,9 293,6 367,3 

HEA400 19 101,1 187,9 293,6 392,5 

HEA450 21 101,1 187,9 293,6 422,8 

HEA500 23 101,1 187,9 293,6 422,8 

HEA550 24 101,1 187,9 293,6 422,8 

HEA600 25 101,1 187,9 293,6 422,8 

 

The obtained results shown in Table 4.1 are plotted in Figure 4.2. In this figure, a diagram for 

each bolt size is shown, in M12 and M16 diagrams, two failure modes occur; Mode 2 and Mode 

3 since the bolts are relatively thin. The tensile capacity of the bolts is reached while plastic 

hinges develop in the beam flange i.e. this mode is a combination of partial yielding of the 

flange and the bolts’ tensile failure due to prying forces. Mode 2 is represented by the inclined 

part of the diagram. The horizontal part represents failure Mode 3, which is characterised by 

Table 4.1 Example 1 –Tension Resistance of T-stubs 
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tensile failure in the bolts. The beam flange is sufficiently thick, therefore no significant failure 

occurs in the flange. In diagrams of M20 and M24, in addition to the modes mentioned above 

Mode 1 occurs too. This mode is represented by the first inclined part where the plate is 

relatively thin compared to bolt sizes, leading to complete flange yielding. 

The full calculations in the Excel sheets are given in Appendix B.  

 

 

  

Figure 4.2 Example 1- Tension resistance of T-stubs 
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4.2 Example 2 

As presented before, this example is about a beam- to- column bolted connection with an 

extended end-plate, provided that the T-stub approach is applied to each side of the connection 

i.e. the column side and the end-plate side. 

Column side: 

For such a construction, column profiles between HEA200- HEA600 are normally used. Each 

column profile within this interval is studied for four bolt sizes; M12, M16, M20 and M24 and 

as mentioned above spacing between bolts is constant, 𝑝1 = 200 𝑚𝑚. In order to fulfil the 

requirement of the minimum distances, the sum of the edge distance, 1,2𝑑0 and the row 

spacing, 𝑝1 should be less than or equal to the width of the beam flange and as a result: 

 The analysis begins with column profiles HEA300 

Notice, the beam profile HEA160 is kept constant, so that: 

 The bolt selection is limited to M12, M16 and M20, see Table 4.2 

 

Beam 

profile 

t flange 

[mm] 

 

T-stub tension resistance (Column) 

[kN] 

M12 M16 M20 

HEA300 14 101,1 168,7 202,6 

HEA320 15,5 101,1 187,9 227,3 

HEA340 16,5 101,1 187,9 245,1 

HEA360 17,5 101,1 187,9 263,9 

HEA400 19 101,1 187,9 293,6 

HEA450 21 101,1 187,9 293,6 

HEA500 23 101,1 187,9 293,6 

HEA550 24 101,1 187,9 293,6 

HEA600 25 101,1 187,9 293,6 

 

 The obtained results shown in Table 4.2 are plotted in a scatter chart illustrated in Figure 4.3. 

In this figure, a diagram for each bolt size is shown. In M16 and M20 diagrams, two failure 

modes occur; Mode 2 and Mode 3 since the bolts are relatively thin. The tensile capacity of the 

bolts is reached while plastic hinges develop in the column flange. Mode 2 is represented by 

the inclined part of the diagrams. The horizontal part represents failure Mode 3 that is 

Table 4.2 Example 2- Tension Resistance of T-stubs (Column side) 
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characterised by tensile failure of the bolts. The column flange is sufficiently thick, therefore 

no significant failure occurs in the flange. For the M12 diagram, where the bolts are relatively 

thin, compared with the flange thickness, only Mode 3 occurs. 

 

 

 

 

End-plate side: 

In order to calculate the tension resistance of the T-stub on the end-plate side, four different 

plate thicknesses are considered; 10, 15, 20 and 25 mm, each plate thickness is studied with 

three bolt sizes; M12, M16 and M20. Notice, the plate width is kept constant, 𝑏𝑝 = 270 𝑚𝑚 

see Table 4.3.  

t p 

[mm] 

T-stub tension resistance. (End-plate) 

[kN] 

M12 M16 M20 

10 101,1 151,5 210,2 

15 101,1 187,9 238,2 

20 101,1 187,9 293,6 

25 101,1 187,9 293,6 
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Figure 4.3 Example 2- Tension resistance of T-stubs 

Table 4.3 Example 2- Tension Resistance of T-stubs (End-plate side) 
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The obtained results shown in Table 4.3 are plotted in a scatter chart illustrated in Figure 4.4. 

In this figure, a diagram for each bolt size is shown. In M16 and M20 diagrams, two failure 

modes occur; Mode 2 and Mode 3 since the bolts are relatively thin. The tensile capacity of the 

bolts is reached while plastic hinges develop in the plate. Mode 2 is represented by the inclined 

part of the diagrams. The horizontal part represents failure Mode 3, which is characterised by 

tensile failure of the bolts. The plate is sufficiently thick therefore, no significant failure occurs 

in the end-plate. In the M12 diagram, where the bolts are relatively thin compared to the plate 

thickness, only Mode 3 occurs. 

 

 

In order to evaluate the design tension resistance of the connection in this case, the minimum 

value among the resistances of all basic components in the tension zone is used. This means 

that the adopted value is the minimum resistance of the basic components: column flange in 

bending, Figure 4.3, end-plate in bending, Figure 4.4, column web in tension and beam web in 

tension, see Step 3 in clause 3.2.2 .  

Hence, the results shows that the tension resistance obtained from either Mode 2 or Mode 3 is 

the design value, even though prying forces does not develop. This means that Mode 12, 𝐹𝑇,12,𝑅𝑑, 
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in such cases cannot be the design value then there is no need to check the prying action i.e. the 

phenomena can be neglected.  
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APPENDIX A: Worked examples - Mathcad 

Two worked examples are presented in this appendix: 

 Example A.1 Bolted beam-to-beam connection  

 Example A.2 Bolted end-plate connection to a column (extended)  

Each example follows the recommendations in Chapter 2. References to the relevant clauses, 

figures and tables in EN 1993-1-8 are given where needed. 

 

 

 



WORKED EXAMPLE 1:

BOLTED BEAM-TO-BEAM CONNECTION (UNSTIFFENED)

Figure A.1.1 Connection 1 (Kadesjös)

46



JOINT CONFIGURATION AND DIMENSIONS

Two beams with HEA300 cross-section are bolted with four M16 bolts. Control if the joint resists
the external loads.

Upper beam:
HEA 300 in S355

Lower beam:
HEA 300 in S355

Bolts:
M16 class 8.8

Figure A.1.2 section A-A, B-B and C-C (Kadesjös)
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DIMENSION AND SECTION PROPERTIES

Beams HEA 300
Both beams have the same cross-section

hb 290 mm

bb 300 mm

twb 8.5 mm

tfb 14 mm

rb 27 mm

Ab 11250 mm2

d 16 mm

p 2.0 mm

d0 +d 2 mm

hb.head 10 mm

hnut 16 mm

dW 30 mm

twasher 3 mm

Height

Width

Web thickness

Flange thickness

Root radius

Cross-section area

Bolts
M16 non preloaded class 8.8 bolts, 
SS-ISO 4.17 (Fully threaded bolts)

Bolt diameter

M16-bolt with thread pitches
(vertical spacing)

Diameter of hole, with 2 mm gauge 
(horizontal spacing)

Bolt head height

Nut height

Diameter of washer
BRB 17x30x3

Washer thickness

Number of bolts 4 bolts
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(no end distance)

e2 90 mm

p1 120 mm

fy 355 MPa

fu 510 MPa

fub 800 MPa

Bolt spacing
See figure A.1.2- section A-A

Beams

End distance, parallel to the
loading direction

Edge distance, perpendicular to
the loading direction

Spacing row

MATERIAL STRENGTH

Steel strength
Table 3.1 in EN 1993-1-1(SSEN 10 025-2)

S355 steel

Yield strength for t  40 mm

Ultimate tensile strength t  40 mm

Bolt strength
Table 3.1 in EN 1993-1-8

Nominal yield strength

Nominal ultimate strength fyb 640 MPa

PARTIAL FACTORS FOR RESISTANCE

Structural steel
Clause 6.1 in EN 1993-1-1

M0 1.0

M1 1.0

Parts in connection
Table 2.1 in EN 1993-1-8

M2 1.2
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MEd 130 kN m

VEd 75 kN

NEd 60 kN

EXTERNAL LOADS

Upper beam:

Bending moment

Shear force

Lower beam:

Tensile force

Tensile force per two bolts (T-stub) :

NEd.per.2.bolts
NEd

2
=NEd.per.2.bolts 30 kN
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Design steps
See Note 1- clause 3.2.2

The basic components used in this example are component No.4 - COLUMN FLANGE IN 
BENDING associated with bolts in tension and component No.10 - BOLTS IN TENSION: 
Table 6.1 in EN 1993-1-8

Step 1

Component No.4 - Column Flange in transverse bending

Figure A.1.3 component No.4 from table 6.1 in EC3

The key dimensions involved in calculating of leff are shown below:
Clause 6.2.4.4 in EN 1993-1-8

Figur A.1.4 The dimensions e, m, , , andrb twb w bb

w 120 mm

m w
2

+
twb

2
0.8 rb =m 34.150 mm (A.1.1)
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e
bb

2
w
2

=e 90 mm (A.1.2)

Step 2

Effective lengths for an unstiffened column flange
See clause 6.2.4.4 and 6.2.4.5 in EN 1993-1-8

Bolt-row location (End bolt-row):

Circular patterns leff,cp: Non-circular patterns leff,ncp:

leff.cp min 2 m
+m w

leff.nc min
+4 m 1.25 e2

++2 m 0.625 e2 0.5 w
(A.1.3)

=leff.cp 214.57 mm =leff.nc 184.55 mm

Mode 1:

leff.1 min
leff.cp
leff.nc

(A.1.4)

=leff.1 184.55 mm

Mode 2:

leff.2 leff.nc (A.1.5)

=leff.2 184.55 mm
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Step 3

Resistance of T-stub flange
Table 6.2 in EN1993-1-8

Column Flange in transverse bending:

Prying force control:

Prying forces may develop if : Lb Lb.star

is the conventional length of the boltLb

Lb +++2 tfb
hb.head

2
hnut

2
2 twasher =Lb 47 mm (A.1.6)

is the tensile stress area of the bolt,As
(assume fully threaded bolt according to SS ISO 4017)

As
((d 0.94 p))

2

4
=As 156.59 mm2 (A.1.7)

Lb.star
8.8 m3 As

leff.1 tfb
3

=Lb.star 108.37 mm (A.1.8)

Lb Lb.star Prying forces develop

Mode 1 Complete yielding of the flange :

Without backing plates:

Method 1:

Mpl.1.Rd 0.25 leff.1 tfb
2 fy

M0
=Mpl.1.Rd 3.2102 kN·m (A.1.9)
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FT.1.Rd.method1
4 Mpl.1.Rd

m
=FT.1.Rd.method1 376.02 kN (A.1.10)

Method 2:

emin e

n min emin
1.25 m

=n 42.688 mm (A.1.11)

is the diameter of the washer,or the width across points of the bolt head or nut, as relevant.dW

Therefore, eW
dW

4
=eW 7.5 mm (A.1.12)

FT.1.Rd.method2
8 n 2 eW Mpl.1.Rd

2 m n eW (( +m n))
=FT.1.Rd.method2 448.06 kN (A.1.13)

FT.1.Rd min
FT.1.Rd.method1
FT.1.Rd.method2

=FT.1.Rd 376.02 kN

Mode 2 Bolt failure with yielding of the flange:

Bolt's tension resistance:
Table 3.4 in EN 1993-1-8

is a tension resistance for a single bolt.Ft.Rd

k2 0.9

Ft.Rd
k2 fub As

M2
=Ft.Rd 93.953 kN (A.1.14)

For 2 bolts in tension: nb 2
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Ft.Rd.total nb Ft.Rd =Ft.Rd.total 187.91 kN (A.1.15)

Mpl.2.Rd 0.25 leff.2 tfb
2 fy

M0
=Mpl.2.Rd 3.2102 kN·m (A.1.16)

FT.2.Rd
+2 Mpl.2.Rd n Ft.Rd.total

+m n
=FT.2.Rd 187.95 kN (A.1.17)

Mode 3 Bolt failure:

FT.3.Rd nb Ft.Rd =FT.3.Rd 187.91 kN (A.1.18)

Bolts in Tension:

Figure A.1.5 component No.10 from table 6.1 in EC3

Mode 3 Bolt failure:
Mode 3 in T-stub for component ''column flange in bending''

FT.3.Rd.bolt nb Ft.Rd =FT.3.Rd.bolt 187.91 kN (A.1.19)
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Step 4

Summary: Resistance of T-stubs

Resistance of the T-stub flange should be taken as the smallest value for the three failure Modes 1,2 and
3.

FT.Rd min
FT.1.Rd
FT.2.Rd
FT.3.Rd

=FT.Rd 187.91 kN

Mode 3 is the design value

Therefore the resistance of the bolts in the tension zone is FT.Rd = 187.91 kN, which means that 

the construction resists the external loads- NEd.per.2.bolts = 30 kN .
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WORKED EXAMPLE 2:

SINGLE SIDED BEAM-TO-COLUMN JOINT, BOLTED END-

PLATE CONNECTION (UNSTIFFENED)

Figure A.2.1 Connection 2 (Kadesjös)
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JOINT CONFIGURATION AND DIMENSIONS

An HEA160 beam is bolted with four M16 bolts to an HEA300 column with an extended end
plate. Control if the joint resists the external loads.

Column:
HEA 300 in S355

Beam:
HEA 160 in S355

Bolts:
M16 class 8.8

Figure A.2.2 section A-A and B-B (Kadesjös)

a) b)

Figure A.2.3 Symbols for spacing of fasteners, a) 
Column spacing b) Plate spacing
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DIMENSION AND SECTION PROPERTIES

hc 290 mm

bc 300 mm

twc 8.5 mm

tfc 14 mm

rc 27 mm

Ac 11250 mm 2

hb 152 mm

bb 160 mm

twb 6 mm

tfb 9 mm

rb 15 mm

Ab 3877 mm2

hp 270 mm

bp 270 mm

Column HEA 300 

Height

Width

Web thickness Flange 

thickness Root radius 

Cross-section area

Beam HEA 160 

Height

Width

Web thickness Flange 

thickness Root radius 

Cross-section area

End-plate

Depth

Width

Thickness

tp 10 mm
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Bolts
M16 non preloaded class 8.8 bolts,
SS-ISO 4.17 ( Fully threaded bolts)

Bolt diameter d 16 mm

M16-bolt with thread pitches
(vertical spacing)

p 2.0 mm

Diameter of hole, with 2 mm gauge
(horizontal spacing)

d0 +d 2 mm

Bolt head height hb.head 10 mm

Nut height hnut 16 mm

Diameter of washer
BRB 17x30x3

dW 30 mm

Washer thickness twasher 3 mm

Number of bolts 4 bolts

Bolt spacing
See figure B.2- section B-B

Column
See figure B.3,a)

End distance, parallel to the
loading direction

(no end distance)

Edge distance, perpendicular to
the loading direction

e2.c 50 mm

Spacing row, parallel to the
loading direction

p1.c 200 mm

Spacing row, perpendicular to
the loading direction

p2.c 200 mm

60



Plate
See figure B.3,b)

End distance, parallel to the
loading direction

e1.p 35 mm

Edge distance, perpendicular to
the loading direction

e2.p 35 mm

Spacing row,parallel to the
loading direction

p1.p 200 mm

Spacing row,perpendicular to the
loading direction

p2.p 200 mm

MATERIAL STRENGTH

Steel strength
Table 3.1 in EN 1993-1-1(SSEN 10 025-2)

S355 steel

Yield strength for mmt 40 fy 355 MPa

Ulimate tensile strength mmt 40 fu 510 MPa

Bolt strength
Table 3.1 in EN 1993-1-8

Nominal yield strength fyb 640 MPa

Nominal ultimate strength fub 800 MPa
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PARTIAL FACTORS FOR RESISTANCE

Structural steel
Clause 6.1 in EN 1993-1-1

M0 1.0

M1 1.0

Parts in connection
Table 2.1 in EN 1993-1-8

M2 1.2

EXTERNAL LOADS

Shear force VEd 30 kN

Bending moment MEd 20 kN m

Calculation of the tensile load in the bolts:

Spacing bolt row below beam flange x 20 mm

Lever arm z p1.p x
tfb

2
=z 175.50 mm

Force couple Ftensile
MEd

z
=Ftensile 113.96 kN
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Design steps
See Note 1- clause 3.3.2

The basic components used in this example are component No.3 - COLUMN WEB IN TRANSVERSE 
TENSION, component No.4 - COLUMN FLANGE IN BENDING associated with bolts in tension, 
component No.5 - END-PLATE IN BENDING assocsiated with bolts in tension, component No.8 -
BEAM WEB IN TENSION and component No.10 - BOLTS IN TENSION :
Table 6.1 in EN 1993-1-8

Step 1

Column Flange in transverse bending:

Figur A.2.4 component No.4 from table 6.1 in EC3

The key dimensions involved in calculating of are shown below:leff
Clause 6.2.4.4 in EN 1993-1-8

, and wFigure A.2.5 The dimensions e, m, rc , emin , e2.p , e2.c twc
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Use in place of .p2.c w

w p2.c

m w
2

+
twc

2
0.8 rc =m 74.150 mm (A.2.20)

emin.c min
e2.p
e2.c

=emin.c 35 mm (A.2.21)

See Figur A.2.3 a)

End-plate in bending:

Figur A.2.6 component No.5 from table 6.1 in EC3

The key dimensions involved in calculating of are shown below:leff
Clause 6.2.4.5 in EN 1993-1-8

Figure A.2.7 The dimensions ex , mx ,x and bp.ext
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x 20 mm

a 5 mm

bp.ext. 55 mm

mx x 0.8 2 a =mx 14.343 mm (A.2.22)

ex bp.ext. x =ex 35 mm (A.2.23)

emin.p e2.p

See Figur A.2.3 b)

Step 2

Column Flange in transverse bending:

Effective lengths for an unstiffened column flange
Table 6.4 in EN 1993-1-8

Bolt-row location (End bolt-row):

Circular patterns leff,cp: Non-circular patterns leff,ncp:

leff.cp.c 2 m leff.nc.c +4 m 1.25 emin.c (A.2.24)

=leff.cp.c 465.90 mm =leff.nc.c 340.35 mm

Mode 1:

leff.1.c min
leff.cp.c
leff.nc.c

(A.2.25)

=leff.1.c 340.35 mm
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Mode 2:

leff.2.c leff.nc.c (A.2.26)

=leff.2.c 340.35 mm

End-plate in bending:

Effective lengths for an end-plate
Table 6.6 in EN 1993-1-8

Bolt-row location (Bolt row outside tension flange of beam):

Circular patterns leff,cp: Non-circular patterns leff,ncp:

leff.cp.p min
2 mx

+mx w
+mx 2 e2.p

leff.nc.p min

+4 mx 1.25 ex
++e2.p 2 mx 0.625 ex

0.5 bp
++0.5 w 2 mx 0.625 ex

(A.2.27)

=leff.cp.p 90.121 mm =leff.nc.p 85.561 mm

Mode 1:

leff.1.p min
leff.cp.p
leff.nc.p

(A.2.28)

=leff.1.p 85.561 mm

Mode 2:

leff.2.p leff.nc.p (A.2.29)

=leff.2.p 85.561 mm
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Step 3

Resistance of T-stub flange
Table 6.2 in EN1993-1-8

Column Flange in transverse bending:

Prying force control:

Prying forces may develop if : Lb Lb.star

is the conventional length of the boltLb

Lb ++++tfc tp
hb.head

2
hnut

2
2 twasher =Lb 43 mm (A.2.30)

is the tensile stress area of the bolt,As
(assume fully threaded bolt according to SS ISO 4017)

As
((d 0.94 p))

2

4
=As 156.59 mm2 (A.1.7)

Lb.star
8.8 m3 As

leff.1.c tfc
3

=Lb.star 601.54 mm (A.2.31)

Lb Lb.star Prying forces develop

Mode 1 Complete yielding of the flange :

Without backing plates:

Method 1:

Mpl.1.Rd.c 0.25 leff.1.c tfc
2 fy

M0
=Mpl.1.Rd.c 5.9204 kN·m (A.2.32)

FT.1.Rd.method1.c
4 Mpl.1.Rd.c

m
=FT.1.Rd.method1.c 319.37 kN (A.2.33)
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Method 2:

nc min emin.c
1.25 m

=nc 35 mm (A.2.34)

here, dW 30 mm (cross the bolt head)

Therefore, eW
dW

4
=eW 7.5 mm (A.2.35)

FT.1.Rd.method2.c
8 nc 2 eW Mpl.1.Rd.c

2 m nc eW +m nc
=FT.1.Rd.method2.c 358.86 kN (A.2.36)

FT.1.Rd.c min
FT.1.Rd.method1.c
FT.1.Rd.method2.c

=FT.1.Rd.c 319.37 kN

Mode 2 Bolt failure with yielding of the flange:

Bolt's tension resistance:
Table 3.4 in EN 1993-1-8

is a tension resistance for a single bolt.Ft.Rd

k2 0.9

Ft.Rd
k2 fub As

M2
=Ft.Rd 93.953 kN (A.1.14)

For 2 bolts in tension: nb 2

Ft.Rd.total nb Ft.Rd =Ft.Rd.total 187.91 kN

Mpl.2.Rd.c 0.25 leff.2.c tfc
2 fy

M0
=Mpl.2.Rd.c 5.9204 kN·m (A.2.37)
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FT.2.Rd.c
+2 Mpl.2.Rd.c nc Ft.Rd.total

+m nc
=FT.2.Rd.c 168.74 kN (A.2.38)

Mode 3 Bolt failure:

FT.3.Rd.c nb Ft.Rd =FT.3.Rd.c 187.91 kN (A.2.39)

Resistance of the component column flange in bending should be taken as the smallest value of the three
failure modes 1,2 and 3.

Ft.fc.Rd min
FT.1.Rd.c
FT.2.Rd.c
FT.3.Rd.c

=Ft.fc.Rd 168.74 kN

Mode 2 is the design value.

Bolts in tension- with column flange

FT.3.Rd.bolts.c FT.3.Rd.c =FT.3.Rd.bolts.c 187.91 kN (A.2.40)

Column web in transverse tension:

Shear area of the column web:

Avc +Ac 2 bc tfc +twc 2 rc tfc =Avc 3725.0 mm2 (A.2.41)

Clause 6.2.6 (3) in EN 1993-1-1

1.2
Clause 5.1 in EN 1993-1-5

hwc hc 2 tfc 2 rc =hwc 208 mm
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Avc.min min
Avc

wc twc
=Avc.min 2121.6 mm2 (A.2.42)

Effective width of the column web in tension:

The resistance obtained from Mode 2, ( ) in Column flange in transverse=FT.2.Rd.c 168.74 kN
bending ,is less than the resistance of Mode 1, ( ) in Column flange in transverse=FT.1.Rd.c 319.37 kN
bending , then the effective width of the column web is considered to be:
Clause 6.2.4.3 (3) in EN 1993-1-8

beff.t.wc leff.2.c =beff.t.wc 340.35 mm

1
Table 6.3 in EN 1993-1-8

1
1

+1 1.3 beff.t.wc
twc

Avc.min

2
=1 0.54 (A.2.43)

The resistance of an unstiffened column web in transverse tension:

Ft.wc.Rd
1 beff.t.wc twc fy

M0
=Ft.wc.Rd 555.57 kN (A.2.44)

End-plate in bending:

Prying force control:

Prying forces may develop if : Lb Lb.star

is the conventional length of the boltLb

Lb ++++tfc tp
hb.head

2
hnut

2
2 twasher =Lb 43 mm (A.2.30)
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is the tensile stress area of the bolt,As
(assume fully threaded bolt according to SS ISO 4017)

As
((d 0.94 p))

2

4
=As 156.59 mm2 (A.1.7)

Lb.star
8.8 mx

3 As

leff.1.p tp
3

=Lb.star 47.522 mm (A.2.45)

Lb Lb.star Prying forces develop

Mode 1 Complete yielding of the flange :

Without backing plates:

Method 1:

Mpl.1.Rd.p 0.25 leff.1.p tp
2 fy

M0
=Mpl.1.Rd.p 0.75936 kN·m (A.2.46)

FT.1.Rd.method1.p
4 Mpl.1.Rd.p

mx
=FT.1.Rd.method1.p 211.77 kN (A.2.47)

Method 2:

np min
emin.p

1.25 mx
=np 17.929 mm (A.2.48)

is the diameter of the washer,or the width across points of the bolt head or nut, as relevant.dW

here, dW 30 mm (cross the bolt head)

Therefore, eW
dW

4
=eW 7.5 mm (A.2.49)
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FT.1.Rd.method2.p
8 np 2 eW Mpl.1.Rd.p

2 mx np eW +mx np
=FT.1.Rd.method2.p 358.19 kN (A.2.50)

FT.1.Rd.p min
FT.1.Rd.method1.p
FT.1.Rd.method2.p

=FT.1.Rd.p 211.77 kN

Mode 2 Bolt failure with yielding of the flange:

Bolt's tension resistance:
Table 3.4 in EN 1993-1-8

is a tension resistance for a single bolt.Ft.Rd

Ft.Rd
k2 fub As

M2
=Ft.Rd 93.953 kN (A.1.14)

For 2 bolts in tension: nb 2

Ft.Rd.total nb Ft.Rd =Ft.Rd.total 187.91 kN

Mpl.2.Rd.p 0.25 leff.2.p tp
2 fy

M0
=Mpl.2.Rd.p 0.75936 kN·m (A.2.51)

FT.2.Rd.p
+2 Mpl.2.Rd.p np Ft.Rd.total

+mx np
=FT.2.Rd.p 151.45 kN (A.2.52)

Mode 3 Bolt failure:

FT.3.Rd.p nb Ft.Rd =FT.3.Rd.p 187.91 kN (A.2.39)
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Resistance of the component column flange in bending should be taken as the smallest value of the three
failure modes 1,2 and 3.

Ft.ep.Rd min
FT.1.Rd.p
FT.2.Rd.p
FT.3.Rd.p

=Ft.ep.Rd 151.45 kN

Mode 2 is the design value.

Bolts in tension- with end-plate

FT.3.Rd.bolts.p FT.3.Rd.p =FT.3.Rd.bolts.p 187.91 kN (A.2.53)

Beam web in tension:

Effective width of the beam web in tension:

The resistance obtained from Mode 2, ( ) in End-plate in bending, is less than the=FT.2.Rd.p 151.45 kN
resistance of Mode1, ( ) in End-plate in bending, then the effective width of the=FT.1.Rd.p 211.77 kN
beam web is considered to be:
Clause 6.2.4.8 (2) in EN 1993-1-8

beff.t.wb leff.2.p =beff.t.wb 85.561 mm

The tension resistance of beam web in tension:

Ft.wb.Rd
beff.t.wb twb fy

M0
=Ft.wb.Rd 182.25 kN (A.2.54)
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Step 4

Summary: Resistance of T-stubs for bolt row in tension

Resistance of the T-stub flange should be taken as the smallest value of:

FT.Rd

Ft.fc.Rd
Ft.wc.Rd
Ft.ep.Rd
Ft.wb.Rd

=FT.Rd

168.74
555.57
151.45
182.25

kN

FT.Rd min

Ft.fc.Rd
Ft.wc.Rd
Ft.ep.Rd
Ft.wb.Rd

=FT.Rd 151.45 kN

Therefore the resistance of the bolts in the tension zone is , obtained from=FT.Rd 151.45 kN

End-plate in bending, which means that the construction resists the external loads-

.=Ftensile 113.96 kN

74



APPENDIX B: Excel sheets  

Example 1: 

M12 

Beam profile 

Mode1 Mode2 Mode3 

T-stub resistance [kN] 

Mode1 Mode2 Mode3 

HEA160 103,8 67,04 101,1 

HEA180 120,1 76,47 101,1 

HEA200 142,3 85,67 101,1 

HEA220 179,0 95,78 101,1 

HEA240 228,3 106,4 101,1 

HEA260 266,3 115,3 101,1 

HEA280 299,3 122,7 101,1 

HEA300 376,0 139,7 101,1 

    

 Mde12 Mode3 

HEA320 231,5 101,1 

HEA340 263,6 101,1 

HEA360 297,9 101,1 

HEA400 354,6 101,1 

HEA450 435,3 101,1 

HEA500 524,7 101,1 

HEA550 574,2 101,1 

HEA600 626,2 101,1 

 

M16 

Beam profile 

Mode1 Mode2 Mode3 

T-stub resistance [kN] 

Mode1 Mode2 Mode3 

HEA180 120,1 111,2 187,9 

HEA200 142,3 127,9 187,9 

HEA220 179,0 142,9 187,9 

HEA240 228,6 155,2 187,9 

HEA260 266,3 163,6 187,9 

HEA280 299,3 170,9 187,9 

HEA300 376,0 188,0 187,9 

HEA320 463,1 207,3 187,9 

HEA340 527,2 221,5 187,9 

    

 Mde12 Mode3 

HEA360 297,9 187,9 

HEA400 354,6 187,9 

HEA450 435,3 187,9 

HEA500 524,7 187,9 

HEA550 574,2 187,9 

HEA600 626,2 187,9 

Table B.1 Example 1- T-stub’s Tension Resistance (M12) 

 

Table B.2 Example 1- T-stub’s Tension Resistance (M12) 
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M20 

Beam profile 
Mode1 Mode2 Mode3 

T-stub resistance [kN] 

HEA160 - - - 

HEA180 120,1 153,5 293,6 

HEA200 142,3 179,2 293,6 

HEA220 179,0 200,3 293,6 

HEA240 228,6 213,9 293,6 

HEA260 266,3 222,3 293,6 

HEA280 299,3 229,6 293,6 

HEA300 376,0 246,7 293,6 

HEA320 463,1 266,0 293,6 

HEA340 527,2 280,3 293,6 

HEA360 595,8 295,5 293,6 

HEA400 709,1 320,7 293,6 

    

 Mde12 Mode3 

HEA450 435,3 293,6 

HEA500 524,7 293,6 

HEA550 574,2 293,6 

HEA600 626,2 293,6 

 

 

M24 

Beam profile 
Mode1 Mode2 Mode3 

T-stub resistance [kN] 

  Mode1 Mode2 Mode3 

HEA160 - - - 

HEA180 - - - 

HEA200 142,5 241,9 422,8 

HEA220 179,0 270,4 422,8 

HEA240 228,6 285,7 422,8 

HEA260 266,3 294,0 422,8 

HEA280 299,3 301,4 422,8 

HEA300 376,0 318,4 422,8 

HEA320 463,1 337,8 422,8 

HEA340 527,2 352,0 422,8 

HEA360 596,8 367,3 422,8 

HEA400 709,2 392,4 422,8 

    

 Mde12 Mode3 

HEA450 435,3 422,8 

HEA500 524,7 422,8 

HEA550 574,2 422,8 

HEA600 626,2 422,8 

 

Table B.4 Example 1- T-stub’s Tension Resistance (M24) 
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Example 2: 

Column side: 

 

M12 
T-stub tension res. (Column) [kN] 

Mode 1 Mode 2 Mode 3 Mode 12 

HEA300 319,4 140,9 101,1 - 

HEA320 391,6 165,4 101,1 - 

HEA340 444,0 183,0 101,1 - 

HEA360 499,7 201,8 101,1 - 

HEA400 589,5 231,9 101,1 - 

HEA450 720,5 276,0 101,1 - 

HEA500 864,7 324,4 101,1 - 

HEA550 941,9 350,1 101,1 - 

HEA600 1023 377,0 101,1 - 

 

M16 
T-stub tension res. (Column) [kN] 

Mode 1 Mode 2 Mode 3 Mode 12 

HEA300 319,37 168,74 187,91 - 

HEA320 391,65 193,28 187,91 - 

HEA340 444,01 211,02 187,91 - 

HEA360 449,68 229,84 187,91 - 

HEA400 589,53 260,10 187,91 - 

HEA450 720,50 304,22 187,91 - 

HEA500 864,66 352,68 187,91 - 

HEA550 914,91 378,50 187,91 - 

HEA600 1022,5 405,39 187,91 - 

 

M20 
T-stub tension res. (Column) [kN] 

Mode 1 Mode 2 Mode 3 Mode 12 

HEA300 319,37 202,63 293,60 - 

HEA320 391,65 227,25 293,60 - 

HEA340 444,07 245,07 293,60 - 

HEA360 499,68 263,97 293,60 - 

HEA400 589,53 294,39 293,60 - 

HEA450 720,50 338,58 293,60 - 

HEA500 864,66 387,12 293,60 - 

HEA550 941,91 413,02 293,60 - 

HEA600 1022,5 439,99 293,60 - 

 

Table B.5 Example 2- T-stub’s Tension Resistance (M12) 

 

Table B.6 Example 2- T-stub’s Tension Resistance (M16) 

 

Table B.7 Example 2- T-stub’s Tension Resistance (M20) 
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End-plate side: 

 

 

t p 

 [mm] 

M12 

T-stub tension res. (End-plate) [kN] 

Mode 1 Mode 2 Mode 3 Mode 12 

10 - - 101,1 105,9 

15 - - 101,1 238,2 

20 - - 101,1 423,5 

25 - - 101,1 661,8 

 

 

t p 

[mm] 

M16 

T-stub tension res. (End-plate) [kN] 

Mode 1 Mode 2 Mode 3 Mode 12 

10 211,8 151,5 187,9    - 

15 - - 187,9 238,2 

20 - - 187,9 423,5 

25 - - 187,9 661,8 

 

 

t p 

[mm] 

M20 

T-stub tension res. (End-plate) [kN] 

Mode 1 Mode 2 Mode 3 Mode 12 

10 211,8 210,2 293,6 - 

15 - - 293,6 238,2 

20 - - 293,6 423,5 

25 - - 293,6 661,8 

 

 

Table B.8 Example 2- T-stub’s Tension Resistance (M12) 

 

Table B.9 Example 2- T-stub’s Tension Resistance (M16) 

 

Table B.10 Example 2- T-stub’s Tension Resistance (M20) 
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