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Classification of Joints 

- Structural steel joints can be classified into three categories based on rotational stiffness : 

1- Nominally pinned joints are capable of transmitting internal forces without developing 
significant moments, and capable of accepting the resulting rotations under the design loads. 

2- Rigid and full strength joints have sufficient rotational stiffness to justify analysis based 
on full continuity. 

3- Semi-rigid joints lie somewhere between ‘nominally pinned’ and ‘rigid’. 

 

 

 

 

 



The joints can be classified based on several criteria: 

1- Based on connecting elements 

- Bolted Connections 

- Welded Connections 

 

 

2- Based on type of imposed action 

- Simple connections 

- Eccentric connections 

3- Based on load transfer 

- Shear connections 

- Tension connections 

- Shear – tension connections 

- Shear – torsion connections 

4- Based on initial load in the bolts 

- Non-loaded bolts (Bearing type 

connections) 

- Pre-loaded bolts (slip resistance connection) 

Further, the structural joints can be classified based on purpose and location as follows: 

1- Beam-to-column joints, 
2- beam-– to-beam joints,  
3- column or beam splices 
4- simple and moment-resisting joints with welded or bolted steel connections (with or 

without haunch) and using various connecting elements (end plates, angles, fin plates) and 
stiffening systems. 

5- Column bases: bolted end plate connections. 
6- Lattice girder (Truss) joints. 
7- Bracing connections. 

Component approach 

The description (characterization) of the response of the joints in terms of stiffness, resistance 
and ductility is a key aspect for design purposes. From this point of view, three main approaches 
may be followed: 

– Experimental; 

– Numerical; 

– Analytical. 

The most practical one for the designer is the analytical approach. Analytical procedures enable a 
prediction of the joint response based on the knowledge of the mechanical and geometric 
properties of the so-called “joint components”. 



The component method is introduced as a general analytical procedure. It applies to any type of 
steel joints, whatever the geometric configuration, the type of loading (axial force and/or bending 
moment) and the type of member cross sections. The method is nowadays widely recognised, and 
particularly in EN 1993, as a general and convenient procedure to evaluate the mechanical 
properties of joints subjected to various loading situations, including static and dynamic loading 
conditions, fire, and earthquake. 

Introduction to the component method 

A joint is generally considered as a whole and studied accordingly; the originality of the 
component method is to consider any joint as a set of individual basic components. For the 
particular joint shown below (joint with an extended end plate connection mainly subject to 
bending), the relevant components (i.e. zones of transfer of internal forces) are the following: 

 

– Column web in compression; 

– Beam flange and web in compression; 

– Column web in tension; 

– Column flange in bending; 

– Bolts in tension; 

– End plate in bending; 

– Beam web in tension; 

– Column web panel in shear. 

Each of these basic components possesses its own strength and stiffness either in tension, 
compression or shear. The column web is subjected a combination of compression, tension and 
shear. This coexistence of several components within the same joint element can obviously lead 
to stress interactions that are likely to decrease the resistance of the individual basic components. 

The application of the component method requires the following steps: 

1- Identification of the active components in the joint being considered; 
2- Evaluation of the stiffness and/or resistance characteristics for each individual basic 

component (specific characteristics – initial stiffness, design resistance, deformation 
capacity – or whole deformation curve); 



3- Assembly of all the constituent components and evaluation of the stiffness and/or resistance 
characteristics of the whole joint (specific characteristics - initial stiffness, design resistance, 
rotation capacity - or whole deformation curve). 

The application of the component method requires a sufficient knowledge of the behavior of the 
basic components. Those covered for static loading by EN 1993-1-8 are listed in Table below.  

 



 



 



The combination of these components covers a wide range of joint configurations and should be 
largely sufficient to satisfy the needs of practitioners. Examples of such joints are given in Figure 
below. 

 

 
 

 



Connections With Mechanical Fasteners  
(Bolted Connections) 

1- MECHANICAL FASTENERS 

The basic elements of joints in steel structures are mechanical fasteners like bolts or pins. Chapter 
3 of EN 1993-1-8 provides design rules for such mechanical fasteners: bolts, injections bolts, 
anchor bolts, rivets and pins. Beside these mechanical fasteners, other fasteners for more special 
applications can be used directly covered in EN 1993, for example flow drill bolts, HRC bolts 
(also called TC bolts), or nails. 

In steel construction, the most typical mechanical fasteners to connect plates or profiles are bolts, 
or more precisely: bolt assemblies (sets) including the bolt itself, a nut and one or more washers, 
see Figure below. 

 

 

 

 

The ISO metric hexagon head non-preloaded bolt shown below with nut and washer is the most 
commonly used structural fastener in the industry. 

 



Bolts classes and nominal values of yield strength fyb and ultimate tensile strength fub are 
included in table below. 

 

The first number is the ultimate tensile strength fub divided by 100. The fractional part indicates 
the ratio fyb / fub, for example for a 10.9 bolt, the ultimate tensile strength fub  is 10×100 = 1000 

(N/mm2) and the yield strength fyb is obtained as 1000×0.9 = 900 (N/mm2). 

For preloaded bolts, only bolt assemblies of classes 8.8 and 10.9 may be used. Bolt areas for 
common sizes of structural bolts are given in Table 3.1 below, where A is the gross section area 

of the bolt and As is the tensile stress area (threaded portion) of the bolt. 

Table 3.1 Bolt areas in accordance with EN ISO 898 (CEN, 2013) 

 

2- CATEGORIES OF CONNECTIONS 

The very basic connection is composed of a bolt assembly connecting two (or more) steel plates 
as shown in Figure below. The design of these basic components (for example bolts in shear and/or 
tension, plate in bearing) will be explained in this chapter.  

 

EN 1993-1-8 distinguishes different categories of bolted connections. The two main categories, 
dependent on the loading applied to the bolt, are shear connections and tension connections. 

 



1- Shear connections 

Shear connections (the bolt is subjected to shear) are subdivided into three sub-categories 

Category A: Bearing type 

In a bearing type connection, the applied load Fv,Ed  (design shear force per bolt for the ULS) will 
be transferred from the plate to the bolt (shank and/or threaded part) by bearing, while the bolt will 
be loaded in shear. Hence, the design resistance of a category A connection is the minimum of the 
design bearing resistance of the plate(s) Fb,Ed  and the design shear resistance of the bolt Fv,Rd  , i.e. 
the following criteria should be checked: 

 

Preloading or any special precision for the contact surfaces is not required. Depending on the 
number of plates, the shear load applied to the bolt may be divided into one or more shear planes 

Category B: Slip-resistant at serviceability limit state 

A category B connection should meet the same requirement as a category A connection. In 
addition, at Serviceability Limit State (SLS), the connection should be designed so that no slip 
will occur. Therefore, preloaded bolts should be used. The design serviceability shear load should 
not exceed the design slip resistance. The design criteria are as follow: 

 
Where 

- Fv,Ed,ser is the design shear force per bolt for SLS 
- Fs,Rd,ser is the design slip resistance per bolt at SLS. 

Category C: Slip-resistant at ultimate limit state 

In this category, slip should not occur at ULS. This will result in the most severe design criteria 
for a shear connection. The design ultimate shear load will be transferred by friction between the 
connected plates only. This means, in theory, the connection only needs to be checked for slip 
resistance. In addition, EN 1993-1-8 requires checking the bearing resistance. So, the following 
design criteria should be checked: 



 

Where   Fs,Rd is the design slip resistance per bolt at SLS. 

For category A and category B connections, if the connected plates are loaded in tension, the 

design tension resistance Nt,Rd should be checked at ULS as well. 

 
For category C connections, a similar check has also to be achieved, but on the basis of the design 

plastic resistance of the net cross section at the bolt holes Nnet,Rd : 

 
where: 

- Nt,Rd is the smaller of the design plastic resistance of the gross cross section Npl,Rd and the 

design ultimate resistance of the net cross section at holes for fasteners Nu,Rd 

- Nnet,Rd is the design tension resistance of the net section at holes for fasteners 

With 

 



Tension connections 

In a tension connection the bolt is subjected to tension forces. Here, two sub-categories are defined: 

a) Category D: Non-preloaded 

In this category, preloading is not required and all bolt classes given in Table above may be used. 
This category may be used for connections subjected to predominantly static loading, for example 
wind loads acting on buildings. The design criteria to be checked are: 

Where 

- Ft,Rd is the design tension resistance of the bolt. 

- Bp,Rd is the design punching resistance of the bolt head and the nut. 

b) Category E: Preloaded 

In preloaded tension connections, only bolt classes 8.8 and 10.9 should be used. This category 
relates to connections which are frequently subjected to variations of loading, for example in crane 
supporting structures. The design criteria are the same as for category D connection (non-
preloaded). 

 



3- POSITIONING OF BOLT HOLES 

In bolted connections, independently of the type of loading, the bolt holes must fulfil certain 
requirements with respect to minimum and maximum spacing between the holes, end distances 
and edge distances. These requirements are given in Table 3.3 extracted from Table 3.3 of EN 
1993-1-8. The symbols for the spacing and distances are defined in Figure 3.3. Note that these 
limits are valid for predominantly static loaded joints. For structures subjected to fatigue, 
requirements are given in EN 1993-1-9 (CEN, 2005d). 

Table 3.3 – Minimum and maximum spacing, end and edge distances 

 

Maximum values are given to prevent corrosion in exposed members and to avoid local buckling 
between two fasteners in compression members. In other cases, or when no values are given, 
maximum values for the spacings, edge distances and end distances are unlimited.  

 



The local buckling resistance of the plate in compression between the fasteners should be 
calculated according to EN 1993-1-1 where a value of 0.6p1 should be used as buckling length. 

Local buckling between the fasteners need not to be checked if p1/t is smaller than 9ε, With  

235 . 

 
Symbols for end and edge distances and spacing of fasteners. 

4- Bolt Holes 

Bolt holes are made larger than the bolt diameter to facilitate erection and to allow for 
inaccuracies.  

The clearance  = 1mm for M12 and M14 bolts 

= 2 mm for bolts ≤ 24 mm diameter  

= 3 mm for bolts > 24 mm diameter. 

Bolt holes reduce the gross cross-sectional area of a plate to the net cross-sectional area. The net 
value is used for calculations where the structural element, or parts of an element, are in tension.  

The gross cross-section of a member is used in compression because at yield the bolt hole deforms 
and the shank of the bolt resists part of the load in bearing.  

 



 

Partial Safety Factors as per UK NA  

1- DESIGN OF THE BASIC COMPONENTS 

4.1 Bolts in shear 

If the shear plane passes through the threaded portion of the bolt, the design resistance of bolts in 
shear Fv,Rd is  

 
Where 

αv = 0.6 for (more ductile) bolt classes 4.6, 5.6 and 8.8 
αv = 0.5 for (less ductile) bolt classes 4.8, 5.8 and 6.8 and 10.9. 

If the shear plane passes through the shank (unthreaded portion) of the bolt, the design resistance 
of bolts in shear Fv,Rd  is 

 

The design shear resistance according to above equations should only be used where the bolts are 
used in holes with nominal clearances as specified in EN 1090-2 (CEN, 2011), i.e. 1 mm for M12 
or M14, 2 mm for M16 to M24 and 3 mm for M27 and thicker bolts. Table below summarizes the 



values for the design shear resistance for common bolt diameters. 

Table Design shear resistances Fv,Rd  in kN (for γM2 = 1.25) 

 
4.2 Bolts in tension. 

The design tension resistance of a (non-preloaded or preloaded) bolt is determined according to 
EN 1993-1-8 as follows: 

 

 



4.3 Bolts in shear and tension 

When bolts are subjected to shear and tension forces, the following design criteria given in Table 
3.4 of EN 1993-1-8 should be satisfied: 

 

If the shear load in a bolt does not exceed about 28% of its shear resistance, the design tension 
resistance of a bolt must not be reduced. In other words, the interaction check is not needed, if 

 
4.4 Preloaded bolts 

In some particular cases, for example in connections subjected to dynamic loading, it is or it could 
be required that bolts are preloaded in order to ensure a minimum clamping force between 
connected plates. In such cases, a particular preparation of the surfaces as well as a controlled 
tightening is requested, see EN 1090-2. In these cases, the preload can be used in the design 
calculations, for example in slip resistant connections.  

The design preload Fp,Cd is determined as follows: 

 

Values for the nominal preload force of the bolts Fp,C = 0.7fub As are given in Table below.  
γM7  - 1.1. 

Nominal values of Fp,C in kN 

 
Note: values in this table is nominal. To make them design values, you should divide by γM7  
 
 
 



4.4.1 Preloaded bolts in shear connections 

In a shear connection, as long as the bolts are not preloaded, the internal forces will be transferred 
by bearing between the plates and the bolt, and by shear in the bolt shank respectively, see Figure 
below. If the bolts are preloaded, a clamping pressure will develop between the connected parts. 
The internal forces are transferred directly between the connected parts. Friction will prevent 
slipping of the connection, see Figure below. This is called a slip resistant connection. In this 
case, the resulting deformation of the connection is significantly smaller than the deformation of 
a bearing type connection. 

 

Load Transfer in a non-preloaded and a preloaded connection in shear 

The maximum load which can be transferred by friction is the design slip resistance at the ULS 

Fs,Rd, which is dependent on the preload of the bolts Fp,Cd, and on the friction coefficient or slip 
factor of the clamped plates. The design slip resistance of a preloaded class 8.8 or 10.9 bolt should 
be taken as: 

 

 ks  is a reduction factor shape and size of the hole; for normal holes ks = 1, for other cases, e.g.   
oversized or slotted holes, reference is made to EN 1993-1-8 

n    is the number of the friction surfaces. 

μ    is the slip factor; values for the slip factor varies, depending on the treatment of friction 
surfaces, between 0.2 and 0.5. Slip factors μ and friction surface classes are defined in 
section 8.4 of EN 1090-2, see Table below. 

γM3   - 1.25 

 

 

 



Friction surface classes and slip factors 

 

If the applied load exceeds the design slip resistance Fs,Rd, the connection transforms into a bearing 
type connection. This means that each slip resistance connection should be design as an 
adequate bearing type connection. 

4.5 Plates in bearing 

In bearing type connections, the internal force in the plate is transferred to the bolt by hole bearing. 
The design bearing resistance is determined as follows: 

 

 
The above equation covers two failure modes, see Figure below.  

1- For small end distances or small bolt pitches in the direction of load transfer, the plate can 
fail by plate shear (Figure a).  

2- Otherwise, it will fail by elongation of the hole (excessive deformation) (Figure b).  



 

Failure modes for a plate in bearing 

Plate shear failure is taken into account by the factor αd (Figure c).  

- If the edge distance e2 or hole distance p2 perpendicular to the direction of load transfer is 
small, the factor k1 (for the bearing resistance) is reduced.  

- If e2 and p2 are large enough, the full bearing capacity can develop. The bearing resistance 
is calculated using the ultimate resistance of the plate.  

- When the ultimate strength of the bolt is weaker than the ultimate strength of the plate, the 
bearing resistance is reduced to account for this situation.  

4.6 Block tearing 

Block tearing failure, also called block shear failure can occur at a group of fastener holes, for 
example near the end of a beam web or a bracket. It may be prevented by using appropriate hole 
spacing. Block tearing generally consists of tensile rupture along the line of fasteners on the 
tension face of the hole group and by yielding in shear at the row of fastener holes along the 
shear face of the hole group. 

Block Shear Failure 

 

 

 



The design block tearing resistance is for a symmetric bolt group 

– subject to  concentric loading, Veff,1,Rd: 

 
– subject to eccentric loading, Veff,2,Rd: 

 
where: 

– Ant is net area subjected to tension 

– Anv is net area subjected to shear. 
2-  Design Of Bolted Lap Joints 

The term “lap joint” designates a basic connection aimed at transferring forces between plates 
subjected to tension. To achieve the force transfer, bolts and welds are the most commonly used. 

 

 

Single and double overlap joints (Lap joints) 

 
Bolted and welded lap joints 



 
5.1 Joints with non-preloaded bolts 
In such joints, the forces are transferred from one plate to the other(s) by bolt-plate contact 
 

 
Single and double bolted overlap joints 

The resistance of the joint may be limited by one of the following components: 

- The bearing resistance of the plates and/or bolts; 
- The shear resistance of the bolts (one or two shear planes, respectively for single or double 

overlap joints); 
- The tension resistance of the plates. 

The design resistance of a bolt in shear and of a plate/bolt in bearing has been defined in sections 
above. For the design resistance of a plate in tension, reference is made chapter “design of tension 
member”.  

Group of fasteners 

The design resistance of a group of fasteners may be taken as the sum of the design bearing 
resistances Fb,Rd  of the individual fasteners provided that the design shear resistance Fv,Rd of each 
individual fastener is greater than or equal to the design bearing resistance Fb,Rd . Otherwise, the 
design resistance of a group of fasteners should be taken as the number of fasteners multiplied by 
the smallest design resistance of any of the individual fasteners. 

This means: 

- if  Fv,Rd  ≥ ,  for each fastener,  design resistance of a group of fasteners =  ,   ×  No. 

of bolts 
- Otherwise,  design resistance of a group of fasteners = smallest design resistance of any 

individual fasteners × No. of bolts 

Long joints 

The following figure shows the distribution of loads between the bolts in a long joint. The loads 

transferred through the outer bolts (1 and 9 in the Figure) are greater than those through bolts 

towards the center of the joint. 



 

 Where the distance Lj between the centers of the end fasteners in a joint, measured in the direction 

of force transfer is more than 15 d (nominal bolt diameter), the design resistance of the joint should 

be reduced by multiplying it by a reduction factor Lf, given by: 

 

 

 

 

 

 



5.2 Joints with preloaded bolts  

Two categories of connections are considered: 

- Slip resistance at ULS (Category C); 

- Slip resistance at SLS (Category B). 

In the case of Category B connections, the design resistance of the lap joint is evaluated as above. 

For Category C (slip resistance at ULS), the design resistance is equal to the total slip resistance, 

which is obtained by multiplying the design slip resistance of a bolt by the number of bolts in the 

joints. 

 Design resistance = total slip resistance = 

 

× Number of bolts 

Note that this type of joint should also be designed as a bearing type connection (category A) 

 

 

  



WELDED CONNECTIONS 

Types of Welds 

Fillet welds and butt welds are widely used in construction. They represent 80% and 15%, 
respectively, of all welds found in structures. For the remaining five per cent, plug and fillet all 
round welds are mostly used. In the following paragraphs, these different weld types are briefly 
introduced. 

1- Butt welds 

Butt welds are used between adjacent plates in so-called butt and tee-joints (Figure below). The 
preparation of the plates, before welding, usually appears as a prerequisite. In all the other cases, 
bevelled plate edges will have to be prepared, see Figure belwo. This may have an impact on the 
economy of the project. 

 

 

 



 

 

 

2- Fillet welds 

Contrary to a butt weld, a fillet weld requires no preparation of the plates to connect. This is an 

important feature in terms of fabrication costs. Fillet welds are applied to the surface of the 

connected plates; they exhibit an approximately triangular shape. Lap joints, tee or cruciform joints 

and corner joints are shown in Figure below. In tee joints, the two plates are not necessarily welded 

perpendicularly each to another. 

 

 

Fillet welds are either continuous or intermittent along the whole joint, se  Figure below. 

 

 



 

Welding is a quite convenient assembly technique, but its reliability is highly dependent on the 

respect of strict requirements in terms of properties of parent and consumable materials, 

welding process, tolerances, preparation of surfaces, storage and handling of consumables, 

weather protection, welding sequence, preheating, operator qualification, acceptance 

criteria, etc. 

Welding processes, preparation of welds and weld quality 

One of the following arc welding processes may be used: 

- Metal arc-welding with – covered electrodes; 

- Flux-cored arc welding; 

- Submerged arc welding; 

- Metal Inert Gas (MIG) welding; 

- Metal Active Gas (MAG) welding. 

 

During the process, which is shown above, the coated electrode is consumed, the wire becomes 

the filler material and the coating is converted partly into a shielding gas, partly into slag, and some 

part is absorbed by the weld metal. 

Generally the electrode is stronger than the parent metal. The main reason for the flux covering to 

the electrode in the manual metal arc welding process is to provide an inert gas which shields the 

molten metal from atmospheric contamination.  

 



Welding consumables 

- In accordance with Eurocode 3, Part 1-8, the design strength of a weld depends on the steel 
grade of the parent metal and the class of electrodes (welding consumables) used. 

- The specified yield strength, ultimate tensile strength, elongation at failure of the filler 
metal, should be equivalent to, or better than that specified for the parent material (base 
metal). 

- It is generally assumed that the properties of the weld metal will be at least the equivalent 
in terms of strength, ductility and toughness to those of the parent material. Normally it is 
safe to use electrodes that are overmatched with regard to the steel grades used. 

- Covered electrodes is one type of several types of welding consumables (Shielded arc filler 
wires, lengths or rolls, Shielding gases, Separately supplied flux, Fusible inserts). 

- Each consumable is critical in respect to Size, Classification / Supplier, Condition 
Handling and storage, Treatments e.g. baking / drying. 

European Electrode Classification System 

Based on EN ISO 2560 (EN 499)      

E 42 0 RR 1 2 
 

E covered electrode 

42 
The Yield strength. For electrodes suitable for multi-run welding, symbol” 35, 38, 42, 46, 
50” is used to indicated a minium yield strength of 355 N/mm2, 380 N/mm2, 420 N/mm2, 460 
N/mm2, or 500 N/mm2, respectively. 

0 Symbol for impact properties of allweld metal (Z, A, 0, 2, 3, 4, 5, 6) 

RR 

Symbol for type of electrode covering 
A- Acid covering, C – cellulosic cobering, R- rutile covering, RR- rutile thick covering, RC 
– rutile-cellulosic covering, RA-rutile-acid covering, RB- rutile-basic covering,  
B- basic covering 

1 Symbol for nominal electrode efficiency and type of current 

2 

Symbol for welding position 

 



 
Table 6A — Symbol for welding position 

 

Welding Positions 

  

Electrode type based on AWS (American Welding Society) 

   For example: E 6013  

           E 60 - 60 ksi ( appro 420 MPa) 

           1 -  welding position 

           3 - the coa ng, penetra on, and current type used, (3-Rutile, Potassium Light AC, DCEP, DCEN) 

Before welding, surfaces and edges adjacent to the weld location must be cleaned to remove oil, 

grease, paint or any other contaminants, which can affect the quality of the weld and the weld 

strength. 



With the metal arc welding process, welds can be made in all positions. The various weld 

positions are shown in Figure below, where the arrows give the arc direction during the welding 

operation. It is clear that welding in the flat position is easily carried out, allowing a greater rate 

of metal deposition than the other positions; by welding in this favourable position, the maximum 

size of weld run can be obtained. With ordinary welding consumables and favourable welding 

conditions, a fillet weld with a throat thickness of 6 mm can be produced with only one run. 

 

 

 



Quality control is an important part of industrial activity. The principal purpose of weld inspection 

is to find possible weld defects. Examples of weld defects are, see Figure below: 

 

Examples of weld defects 

- Undercut: the thickness of the parent metal is reduced – near the weld toe; 

- Porosity or gas inclusions: air or gas bubbles are incorporated in the melted metal, where 

they remain after cooling; 

- Insufficient throat: the throat thickness is smaller than the design thickness. The resistance 

of the joint might be insufficient; 

- Incomplete penetration: The throat thickness is smaller than the design thickness. The 

resistance of the joint might be insufficient. 

DESIGN OF WELDS 

For weld design, three fundamental assumptions are usually made: 

- The welds are homogeneous and isotropic; 

- The connected elements are rigid and their deformations are negligible; 

- Only nominal stresses due to external loads are considered. Effects of residual stresses, 

stress concentrations and shape of the welds are neglected in static design. 



Fillet welds 

A fillet weld is characterised by two main geometrical properties, effective length (Leff) and 

effective throat thickness (a). The design resistance of a fillet weld is derived from these two 

values, and the weld and base material grades. 

For design purposes, effective length is taken as  

Effective length, Leff = LW – 2a 

LW = The actual physical weld length 

a    =  effective throat thickness 

A weld with a length smaller than 30 mm or less than six times its throat thickness, whichever is 

larger, should not be designed to carry loads. 

Size of fillet welds 

The size of a fillet weld, denoted by the letter s, is the length of the leg for a plain fillet weld on 
the fusion surface of the parent metal. 

  
  



Effective throat thickness 

The effective throat thickness of a fillet weld should be taken as the height of the largest triangle 
(with equal or unequal legs) that can be inscribed within the fusion faces and the weld surface, 
measured perpendicular to the outer side of this triangle (see Figure below). 

. 

 

In practice, the effective throat thickness of a fillet weld should not be less than 3 mm. 

 

Throat thickness of fillet weld 

The effective throat thickness of a fillet weld should not be less than 3 mm.    

a = 0.7× s 

Design resistance 

The design resistance of a fillet weld should be determined using either the Directional method 

given in Part 1-8 cl 4.5.3.2 or the Simplified method given in Part 1-8 cl 4.5.3.3. 

1- The Directional method, in which the forces transmitted by a unit length of weld are resolved 

into parallel and perpendicular components. 

2- The Simplified method, in which only longitudinal shear is considered. 

Simplified method 

The design resistance of a fillet weld may be assumed to be adequate if, at every point along its 
length, the resultant of all the forces per unit length transmitted by the weld satisfy the following 
criterion: 

 



Fw,Ed = design value of the weld force per unit length; 

Fw,Rd = design weld resistance per unit length. 

The resistance of the weld per unit length Fw,Rd is defined independently of the orientation of the 
weld throat plane relatively to the applied force, as follows: 

 

where the design shear strength of the weld fw,Rd is defined as: 

 
 

fu = nominal ultimate tensile strength of the weaker part joined; 

βw = appropriate correlation factor taken from Table 4.2. 

 

 

 

  



Design Table 

 

Long joints 

lap joints the design resistance of a fillet weld should be reduced by multiplying it by a reduction 

factor Lw,1 to allow for the effects of non-uniform distribution of stress along its length. For joints 

longer than 150 times the throat thickness (a), the reduction factor (Eq. (4.9), EN 1993-1-8 (2005)) 

is: 

 

Lj = overall length of the lap in the direction of the force transfer, see Figure below 

. 

 
 
 

  



Solved Examples 
Bolted Connections 

Design the bolted connection of the tension member from double angle of L 80 × 6, steel S235. 
The element is loaded by tensile force, NEd = 580 kN and is connected to a gusset plate of 8mm 

 

Solution 

Try full thread M20 bolts, Class 6.8  

 

 



 

 

 



Welded Connections 

A plate 200 mm × 12 mm of S275 steel (fy=275 MPa, fu=430 MPa)is used as a tension member 
and is to be connected to a 10 mm thick gusset plate. The length of the connec on can not exceed 
25 cm. Design a fillet welding to develop the full tensile capacity of the tension member. Use E42 
0 RR 12 electrode. 

 

 



 

 

 

 

 

 


