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PRELIMINARY TITLE. GENERAL CONDITIONS AND 
REQUIREMENTS  

CHAPTER I. INTRODUCTION  

Section 1. Purpose  

This Structural Steel Code (EAE) is the regulatory framework establishing the 
specifications for steel structures to satisfy the structural safety, fire safety and 
environmental protection requirements, and laying down procedures for demonstrating 
compliance by means of adequate technical guarantees.  

The specifications must be complied with in the design, construction and 
maintenance of steel structures.  

This Code assumes that the design, construction and monitoring of the structures 
that it covers are implemented by technicians and workers with the necessary 
knowledge and sufficient experience. It also assumes that such structures are intended 
for the purpose for which they have been designed, and that they will be maintained 
throughout their service life.  

Annex 1 contains the notations, units and criteria for symbols, and the 
terminology used in this Code.  

Section 2. Scope  

This Code applies to all structures and members made of structural steel for 
building or civil engineering, with the following exceptions:  

– structures made using special steel such as steel with a high yield strength 
greater than 460 N/mm2, other than in joint members (bolts, pins, etc.), and 
steel from special alloys such as stainless steel;  
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– mixed structural members made of structural steel and concrete, and mixed 
structural members made of steel and other resistant materials of a different 
nature in general; and  

– structural members made of concrete that form part of a metallic steel structure, 
such as floors, cores and walls. Such members must be designed and tested in 
accordance with the Structural Concrete Code (EHE) in force.  

If the steel structure is prestressed using active reinforcement, every aspect of 
prestressing-tension relating to design bases, structural analysis, structural design and 
testing, construction and monitoring shall be carried out in accordance with the 
Structural Concrete Code (EHE) in force.  

This Code shall also apply in addition to any specific regulations on action to be 
taken.  

Where a structure may be regarded as a special or one-off site in view of the site 
characteristics defined by the Owner, this Code shall apply, together with any 
adjustments and additional provisions that the Designer may lay down to satisfy the 
requirements defined in this Code, and with the same level of guarantee.  

Section 3. General considerations  

Anyone who participates in the design, construction, monitoring and maintenance 
of steel structures under this Code shall be obliged to familiarise themselves with the 
Code and to adhere to it.  

In order to ensure that a steel structure satisfies the requirements laid down in 
Section 5 of this Code, those involved must check that the requirements laid down in 
this Code for the design, construction, monitoring and maintenance of the structure are 
met.  

In order to provide grounds as to whether the requirements laid down in this 
Code are satisfied, the Designer or Project Management may, within their respective 
areas, adopt the following measures:  

a) technical solutions that comply with the procedures laid down in this Code and 
the application of which is sufficient proof of compliance; or

b) procedures laid down in the Structural Eurocodes for steel structures, in order to 
design the structure in the Project. These Eurocodes comprise the EN series 
standards of 1990, 1991, 1993, 1997 and 1998, together with their corresponding 
National Annexes, the application of which may be regarded as proof of 
compliance with this Code; or

c) alternative solutions that, in whole or in part, deviate from the procedures laid 
down in this Code. The Designer and Project Management may therefore, by 
virtue of their duties, under their own responsibility and with the prior consent of 
the Owner, adopt alternative solutions (through different design systems, 
construction regulations, monitoring procedures, etc.), wherever there are 
documents proving that the structure fulfils the requirements of this Code since 
its performance is at least equivalent to that obtained by applying the procedures 
in the Code.  



 TITLE 0 page 3 

Section 4. General conditions  

4.1. Administrative conditions  

Construction products may be used under this Code if they are manufactured and 
marketed lawfully in the Member States of the European Union and the signatory 
states to the Agreement Creating the European Economic Area, wherever such 
products comply with the legislation of any Member State of the European Union and 
guarantee an equivalent level of safety to that required by this Code, in respect of their 
intended purpose.  

This level of equivalence shall be justified in accordance with Article 4(2) or 
Article 16 of Directive 89/106/EEC of the Council of 21 December 1988 on the 
approximation of laws, regulations and administrative provisions of the Member States 
relating to construction products.  

The preceding paragraphs shall also apply to construction products 
manufactured or marketed lawfully in states that have customs association agreements 
with the European Union where such agreements treat such products in the same way 
as those manufactured or marketed in a Member State of the European Union. In such 
cases, the level of equivalence shall be confirmed by applying the procedures for that 
purpose laid down in the aforementioned Directive.  

For the purposes of this Code, the UNE, UNE EN or UNE EN ISO standards 
referred to in the body of the text shall always refer to the versions listed in Annex 2, 
with the exception of UNE EN standards, which transpose the EN standards the 
reference for which has been published in the Official Journal of the European Union 
under Directive 89/106/EEC on the approximation of laws, regulations and 
administrative provisions of the Member States relating to construction products, in 
which case the citation shall relate to the most recent Commission Communication to 
include such a reference.  

The optional quality marks showing compliance with the requirements of this 
Code may be recognised by the competent governmental body for construction, in 
accordance with the procedures and requirements laid down in Annex 10.  

4.2. Technical conditions for compliance with this Code  

4.2.1. Technical conditions for products, equipment and systems  

Construction materials and products that are permanently incorporated into steel 
structures shall have adequate properties for the structure to fulfil the requirements of 
this Code. To this end, the structure shall be tested to ensure that it is compliant, in 
accordance with the criteria laid down in Title 7.  

4.2.2. Technical conditions for design  

The design shall describe the structure, provide justification for the adopted 
solution and define the technical requirements for the relevant works in sufficient detail 
so that they can be evaluated and interpreted unequivocally during construction.  

In particular, the design shall define the planned works in sufficient detail so that 
it can be seen clearly whether the adopted solutions fulfil the requirements of this Code 
and any other technical regulations that may apply. Such a definition shall include at 
least the following information:  
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a) the technical properties of each construction unit, stating the conditions for 
carrying it out as well as the tests and controls to be conducted in order to verify 
whether it complies with the design;  

b) the minimum technical properties to be complied with by the products, equipment 
and systems that are to be permanently incorporated into the designed structure, 
as well as the supply conditions, quality assurance and acceptance inspection to 
be carried out on them.  

In view of more substantial technical guarantees and traceability that could be 
associated with the quality marks, the Designer shall evaluate whether a 
requirement to use materials and products with an additional guarantee level 
compliant with Annex 10 to this Code should be included in the relevant Special 
Technical Specifications;  

c) the checks and load tests, where relevant, to be carried out on the constructed 
structure; and  

d) instructions for using and maintaining the structure.  

4.2.3. Technical conditions for construction  

The structure shall be constructed according to the design and any modifications 
authorised by Project Management by virtue of its powers and under its responsibility, 
with the consent of the Owner, where relevant. The construction work shall also comply 
with any regulations in force and shall be consistent with good building practice.  

During construction, the necessary monitoring shall be carried out to check 
compliance of the construction work, compliance of the materials and products arriving 
at the site, and compliance of materials and products prepared on site with a view to 
being permanently incorporated into the structure.  

Project Management shall apply the same guarantee criteria as those listed in the 
preceding subsection to evaluate whether it is necessary to impose a requirement for 
products with an additional guarantee level compliant with Annex 10 to this Code, in so 
far as such a requirement has not been foreseen in the design.  

During construction, Project Management shall draw up all required 
documentation, which shall include at the very least a report containing the main 
timetable for construction, a set of plans showing the finished site as constructed, and 
documentation of the quality controls carried out during the works, all of which shall 
comply with the design and this Code.  

Section 5. Requirements  

In accordance with the legislation in force, and so as to ensure the safety of 
people, animals and property, the welfare of the general public, and protection of the 
environment, steel structures shall be suitable for the purposes for which they are used 
throughout the design working life for which they are constructed. They must therefore 
satisfy the following requirements:  

a) structural safety and functional qualities that include reducing to acceptable 
levels the risk of the structure having inadequate mechanical performance in the 
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face of the foreseeable action and influences to which it may be subjected during 
its construction and intended use throughout its working life;  

b) fire safety, including reducing to acceptable levels the risk of injury to the 
structure’s users as a result of an accidental fire; and  

c) hygiene, health and environmental protection, as necessary, including reducing 
to acceptable levels the risk of these factors impacting the environment as a 
result of construction work.  

The requirements laid down in this Section must be complied with in order for the 
above requirements to be met. In order to test whether this has been done, it shall 
suffice in some cases to apply the procedures contained in this Code, while in other 
cases these procedures shall be supplemented by those laid down by other, more 
specific regulations in force, depending on the use of the structure.  

In any event, the Owner shall define the useful lifetime of the structure before its 
design commences. The working life may not be less than that stated in the relevant 
specific regulations or, failing that, the values given in Table 5.1.  

Table 5.1. Nominal working life of different types of structure (1) 
Structure type Nominal 

working 
life 

Temporary structures.(2)  Between 3 
and 10 
years 

Replaceable structural members that do not form part of the 
main structure (e.g. railings, pipework supports, etc.).  

Between 
10 and 25 

years 

Agricultural or industrial buildings (or installations) and 
maritime works.  

Between 
15 and 50 

years 

Residential or office buildings, bridges or crossings with a total 
length of less than 10 metres, and civil engineering structures 
(other than maritime woriks) that have a small or medium 
impact on the economy.  

50 years 

Monumental buildings, or buildings of special significance.  100 years 

Bridges with a total length equal to or larger than 10 metres, 
and other civil engineering structures that have a large impact 
on the economy.  

100 years 

(1) When a structure is made up of different parts, the parts may have different values for their working life, 
which will always depend on their type and construction properties.  
(2) Depending on the intended purpose of the structure (temporary exhibition, etc). Structures with a 
nominal  working life of more than 10 years shall not be regarded as temporary structures under any 
circumstances. 
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The Owner may also stipulate other additional requirements, such as 
appearance, for example. In such case, he shall identify the prerequisites for fulfilling 
such additional requirements, as well as the criteria for checking whether they have 
been fulfilled, before the structure is designed.  

The above requirements shall be satisfied by a design that includes an adequate 
choice of structural solution and construction materials, careful construction in line with 
the design, adequate monitoring of the design, where necessary, and adequate 
monitoring of construction and operation together, with appropriate use and 
maintenance.  

5.1. Prerequisites  

The prerequisites for a steel structure to satisfy the requirements are given 
below.  

5.1.1. Prerequisites relating to the requirement for structural safety  

In order to satisfy this requirement, structures must be designed, constructed, 
monitored and maintained so that they meet the minimum reliability levels for each of 
the prerequisites laid down in the following subsections, in accordance with the safety 
system contained in the set of European standards EN 1990 to EN 1999, known as 
“Structural Eurocodes”.  

Compliance with this Code, as supplemented by the relevant specific regulations 
relating to actions, shall suffice to ensure that this structural safety requirement is met.  

5.1.1.1. Resistance and stability prerequisite  

The resistance and stability of the structure shall be such that they do not cause 
any unacceptable risks as a result of foreseeable actions and influences, both during 
the construction phase and during its use, while being maintained throughout its 
planned working life. Furthermore, an extraordinary event may not have any 
consequences that are disproportionate to the origin thereof.  

The reliability level to be ensured in steel structures will be determined by its 
reliability index, β50, for a reference period of 50 years, and this may not generally be 
less than 3.8. In the case of one-off or insignificant structures, the Owner may apply a 
different index.  

The procedures in this Code allow this prerequisite to be satisfied, by testing the 
ultimate limit states and the other criteria relating to construction and monitoring.  

5.1.1.2. Serviceability prerequisite  

Serviceability shall be consistent with the structure’s intended use, so that no 
unacceptable deformations occur and, where relevant, the probability of unacceptable 
dynamic performance is kept at an acceptable level, for the comfort of the structure's 
users, and that no unacceptable deterioration occurs.  

A structure shall have acceptable deformations when it complies with the 
deflection limits laid down by the specific regulations in force. In the case of building 
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structures, the limits given in Section 4.3.3 of the Basic Document entitled “Structural 
Safety” in the Technical Code on Building shall apply.  

A structural member shall have acceptable vibration levels when it complies with 
the limits laid down by the specific regulations in force. In the case of building 
structures, the limits given in Section 4.3.4 of the Basic Document entitled “Structural 
Safety” in the Technical Code on Building shall apply.  

The procedures in this Code allow this prerequisite to be satisfied, by testing the 
serviceability limit states and the other criteria relating to construction and monitoring.  

The reliability level to be ensured for the serviceability of steel structures shall be 
determined by its reliability index, β50, for a period of 50 years, and this may not 
generally be less than 1.5.  

5.1.2. Prerequisites relating to the fire safety requirement  

In order to satisfy this requirement, where relevant, the works shall be designed, 
constructed, monitored and maintained so that they fulfil a number of prerequisites, 
including the structure's fire resistance.  

Compliance with this Code is not sufficient in itself to satisfy this requirement. It is 
also necessary to comply with the provisions of any other regulations in force.  

5.1.2.1. Structure fire safety prerequisite  

The structure shall maintain its fire resistance throughout the period laid down in 
the relevant specific regulations in force, so that the propagation of a fire is limited, and 
the evacuation of the structure’s occupants, and intervention of rescue teams and fire 
fighters, may be facilitated.  

In the case of building structures, the fire resistance required for each structural 
member will be defined by the Basic Document DB-SI in the Technical Code on 
Building.  

Annex 8 to this Code contains some recommendations for verifying the fire 
resistance of structural steel members so as to avoid premature collapse of the 
structure.  

5.1.3. Prerequisites relating to the hygiene, health and environment 
requirement  

Once it has been established that this requirement has been satisfied, structures 
shall be planned, constructed and monitored so that they fulfil the prerequisite for 
environmental quality of construction.  

Compliance with this Code shall suffice to satisfy this requirement, without 
prejudice to the requirement to comply with the provisions of any other environmental 
legislation in force.  

5.1.3.1. Prerequisite for environmental quality of construction  

Where so required, the construction of the structure shall be designed and 
executed so that it causes the minimum possible environmental impact, encourages 
the re-use of materials, and avoids the creation of waste where possible. 



 

 

 

 

 

 
 

 
 

 

TITLE 1. DESIGN BASES  

CHAPTER II. GENERAL PRINCIPLES AND 
LIMIT STATE DESIGN 

Section 6. Safety criteria 

6.1. Principles 

The safety of a structure when confronted with a risk may be expressed in terms 
of the probability of failure, characterised by a reliability index value.  

This Code ensures the required reliability by adopting the limit state design 
method (subsection 8.1). This method allows the random nature of the stress variables 
and structural response included in the design to be considered in a simple way. The 
design value of a variable is obtained from its main representative value, and is 
evaluated using the relevant partial safety factor.  

The partial factors for actions and resistance do not consider the influence of 
possible human error. Such errors must be avoided through adequate quality control 
mechanisms, which must cover all activities relating to the design, construction, use 
and maintenance of a structure. 

6.2. Execution classes 

The design shall include a classification of all the structure's members, according 
to its execution. This is necessary to ensure the safety level that has been determined. 
A work, or part thereof, may include members from different classes. It is necessary to 
categorise the members so as to make it easier to describe the requirements and 
evaluate execution and monitoring.  

6.2.1. Risk level 

The risk level of a site defines the consequences that may arise from structural 
failure during construction or service (public buildings, private dwellings, strategic sites, 
flyovers on major roads, car park shelters, etc.) 
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The risk level is defined according to the following criteria: 

-	 level CC 3: members the failure of which would compromise the safety of 
people, as is the case for a public building, or could cause 
substantial financial losses; 

-	 level CC 2: members the failure of which would compromise the safety of 
people but not of the general public, or could cause appreciable 
financial losses; 

- level CC 1:	 members that are not covered by the preceding levels.  

A structure may contain parts and members that have different risk levels.  

6.2.2. Conditions for execution and use 

The conditions for execution and use categorise the inherent risks for the type of 
construction and actions that may take place on the structure. 

It may generally be accepted that the complexity of construction or the use of 
special technology and procedures may entail a heightened risk, as does the existence 
of unfavourable dynamic forces and climate conditions (on-site welding against bolted 
joints, rails for bridge cranes against rail supports, low temperatures against interior 
members, etc.).  

The conditions for execution and use may be defined in accordance with Table 
6.2.3, based on the use and execution categories defined below.  

6.2.2.1 Use categories 

The use category depends on the risk associated with the service for which the 
structure is designed:  

-	 SC1: structures and components designed for quasi static actions only 
(buildings); structures with joints designed for moderate seismic action 
that do not require ductility; rails and supports with low fatigue loads 
below the damage threshold for more vulnerable details; 

-	 SC2: structures and components designed for fatigue actions (road and 
railway bridges, cranes and rails generally); structures susceptible to 
vibrations induced by wind, crowd or rotating machinery; structures 
with joints requiring ductility as an earthquake resistance design 
requirement. 

6.2.2.2 Execution categories 

The execution category depends on the manufacture and assembly of the 
structure: 

-	 PC1: non welded components manufactured from any steel grade products; 
welded components manufactured from steel grade products bellow 
S355 and made in a workshop; 

-	 PC2: components essential for structural integrity that are assembled by 
welding on construction site; components receiving thermic treatment 
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during manufacturing; components of CHS lattice girders requiring end 
profile cuts. 

6.2.3. Definition of the execution class 

The execution class is defined on the basis of the criteria above relating to risk 
levels and the category of execution and use conditions, in accordance with the 
following table:  

Table 6.2.3. Definition of the execution class. 

Risk level CC1 CC2 CC3 

Use category  SC1 SC2 SC1 SC2 SC1 SC2 

Execution 
category 

PC1 1 2 2 3 3 3 

PC2 2 2 2 3 3 4 

In special cases, and with the consent of the Owner, it may be worth imposing a 
higher execution class for certain special components. The classification above does 
not preclude additional requirements that may be explicitly stated in the Special 
Technical Specifications.  

6.3. Structural check through design procedures  

A structural check through design procedures is one of the possible ways to 
ensure the safety of a structure, and it is the system proposed by this Code.  

6.4. Structural check through testing  

In cases where the rules contained in this Code are insufficient, or where test 
results may lead to a significant saving for a structure, it is also possible for the 
Designer to perform the structural check by means of testing, whilst adhering to all the 
other criteria in this Code.  

The minimum requirements to be satisfied by tests relating to planning, execution 
and evaluation will be set out in the following subsections. 

Owing to the great diversity of circumstances that may arise during the design of 
a test-based structure, it is worth ensuring that, in the absence of any applicable 
legislation, all parties agree to the trial and particularly the testing procedures in 
advance. 

The experimental test planning shall be based on a design model that identifies 
most, if not all, of the variables that will determine the structure’s performance so that 
the general trend of the tests may be foreseen. 

In the event that the way in which the structure collapses or the performance 
under loading cannot be described by means of an approximate calculation, or even if 
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there is reasonable doubt as to its validity, it is recommended that pilot tests be 
conducted. 

6.4.1. Test plan 

A test plan must be drawn up before the tests are conducted.  

Such a plan shall state the objective of the tests, the operation instructions, the 
design of the test models, any other auxiliary members and the criteria to be used for 
evaluating the results. 

Among other things, the test plan shall discuss the following: 

– 	 the scope of the tests (their parameters and validity range);  
– 	a description of member properties that may affect the structure’s 

performance (geometry, material properties, tolerances or assembly 
procedures); 

– 	 a complete description of the models to be tested;  
– 	 the number of test models to be established, taking account of the statistical 

significance criteria and the criteria for evaluating the results; 
– 	 a definition of the actions, sequencing and speed of application of loads, etc.; 
– 	 environmental conditions;  
– 	 anticipated performance; criterion for finalising the tests; 
– 	 availability of testing equipment and supplementary apparatus; 
– 	 a description of the instruments, test monitoring method and how the results 

are to be recorded; 
– 	 the tolerances and margins of error anticipated for the measurement devices. 

There must then be a pre-test check that covers both the manufacture of the 
models and their assembly. 

6.4.2. Execution of tests 

Tests must be conducted by specialised organizations with experienced staff in 
this area. 

The laboratory in which the tests are conducted must be suitably equipped and 
be organised in a way that ensures all tests are conducted and documented carefully.  

6.4.3. Evaluation of tests 

The random nature of all the data must be taken into account when evaluating 
the tests. The reliability of the results shall be established according to statistical 
methods that are adequately contrasted. 

6.4.4. Documentation 

Each batch of tests shall be documented in the form of a test report, which shall 
include, in addition to the test plan described in subsection 6.4.1, a description of the 
tests, the events that took place, the participants, including their responsibilities, the 
results and an evaluation of the results. 
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Section 7. Design situations 

The design situations to be considered are as follows:  

– 	persistent situations that correspond to the structure’s normal usage 
conditions; 

– 	 temporary situations, such as those that occur during construction of or 
repairs to the structure; 

– 	 accidental situations that correspond to exceptional conditions that may apply 
to the structure.  

Section 8. Design bases 

8.1. Limit state design 

8.1.1. Limit states 

Limit states are defined as situations beyond which the structure may be 
considered not to fulfil any one of the functions for which it has been designed. 

Limit states are usually classified as:  

– 	 ultimate limit states; 
– 	 serviceability limit states.  

It shall be checked that the structure does not exceed any of the limit states 
defined above in any of the design situations listed in Section 7, considering the action 
design values, material properties and geometric data. 

The verification procedure for a given limit state consists of working out the effect 
of the actions applied to the structure or part thereof on the one hand, and the 
structure’s response to the limit situation being studied on the other. The limit state 
shall be ensured if it is found, with an acceptable level of reliability, that the structure’s 
response is not less than the effect of the actions applied to it.  

In order to determine the effect of the actions, the combined design actions must 
be taken into consideration in accordance with the criteria given in Chapter III, as well 
as the geometric data defined in Section 16, and a structural analysis must be carried 
out in accordance with the criteria given in Chapter V.  

In order to determine the structural response, the separate criteria defined in 
Titles 4 and 5 of this Code must be considered, bearing in mind the design values for 
material properties and geometric data, in accordance with Chapter IV.  

Actions that have an effect on the structures shall be defined according to the 
codes, regulations, basic standards, etc. relating to actions. This Code generally sets 
out rules for defining the action design values and combinations thereof, given that 
such rules are essential for the use of action design values, unless otherwise stipulated 
by the relevant action regulations. 

8.1.2. Ultimate limit states 

“Ultimate limit states” covers all limit states that result in failure of the structure or 
part thereof through collapse or fracture.  
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The following must be regarded as causing ultimate limit states: 

– 	 loss of equilibrium of the structure or part thereof, considered as a rigid solid; 
– 	 failure of the structure, or part thereof, or any of the structural members that 

make up the structure, due to loss of stability; 
– 	 failure of the structure or sections of the structural members that make up the 

structure, due to exceeding the resistance; 
– 	 failure of joints due to exceeding the resistance;  
– failure due to progressive deterioration under the influence of repeated loads. 

When checking the ultimate limit states for collapse or fracture of a section or 
structural member, the following condition must be satisfied: 

Rd ≥ Ed 

where: 

Rd design value of the structure’s response; 

Ed design value of the effect of actions.  

In order to evaluate the equilibrium limit state (Section 33), the following condition 
must be satisfied: 

Ed.stab ≥ Ed.destab 

where: 


Ed.stab design value of the effect of stabilising actions; 


Ed.destab design value of the effect of destabilising actions;  


8.1.3. Serviceability limit states 

“Serviceability limit states” covers all situations where the structure does not fulfil 
the functionality, comfort, durability or appearance requirements. 

When checking the serviceability limit states, the following condition must be 
satisfied: 

Cd ≥ Ed 

where: 

Cd permissible limit value for the limit state being checked (deformations, 
vibrations, etc.); 

Ed design value of the effect of actions (stress, vibration level, etc.). 

8.2. Durability-orientated design bases  

Before starting the design, the type of environment that defines the corrosion to 
which each structural member will be subjected must be identified. 
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In order to achieve adequate durability, the design must establish a strategy, 
depending on the environment, in accordance with the criteria in Chapter VII(79), 
entitled Protective treatment, and Title 8, entitled Maintenance, of this Code.  

8.2.1. Definition of the type of environment 

The type of environment to which a structural member is subjected will be defined 
by the set of physical and chemical conditions to which it is exposed and which may 
lead to its deterioration as a consequence of different effects which differ from those of 
loads and stresses that are taken into account in the structural analysis. 

The type of environment will be defined for one of the corrosion exposure classes 
in subsection 8.2.2. 

Where a structure contains elements subjected to different types of environment, 
the Designer shall define groups with the structural members that have similar 
exposure conditions. Members of the same type (e.g. pillars, roof beams, base plates, 
etc.) shall therefore be grouped together wherever possible, and it shall also be 
ensured that the criteria followed are consistent with the actual aspects of the 
execution phase. 

The class that defines the environmental aggressiveness to which the members 
are subjected is to be identified for each group. 

8.2.2. Exposure classes related to steel corrosion 

For the purposes of this Code, “exposure classes” shall mean those that relate 
solely to processes associated with steel corrosion.  

A distinction is made between structures or structural members that are exposed 
to atmospheric corrosion (Table 8.2.2.a) and those that are submerged in water or 
buried in the ground (Table 8.2.2.b). In the case of mechanical processes (wind erosion 
caused by sand, or abrasion caused by the action of waves or solids transported by 
water), biological processes (action of living organisms), thermal processes 
(temperatures greater than 60ºC) or particularly corrosive chemicals (for certain special 
industrial installations, such as paper plants, ink factories and oil refineries), the effect 
of which is to aggravate any corrosion significantly, these factors must be taken into 
account in order to improve protection for the structure. 

The danger of condensation must be taken into account, since it may form in the 
coldest areas of structures inside buildings, enclosed spaces and hollow members 
which are not confirmed to be airtight (where discontinuous welding or non-airtight 
bolted joints are used), or in special installations (such as pumping stations or water
cooling circuits). The formation of condensation always aggravates corrosion. 

In the case of road bridges or pedestrian walkways, special attention must be 
paid to whether there is a risk of corrosion from using de-icing agents (road salt). This 
may result in corrosion on bridge or walkways decks on which de-icing agents are 
used, and in the bottom sections of piles in flyovers or even the bottom surface of the 
decks in flyovers, owing to the saline aerosols produced. For this reason, areas where 
there are more than five instances of snowfall per annum or where the mean value of 
the minimum temperature in winter is less than 0ºC shall be considered as exposure 
class C5-I. 
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Table 8.2.2.a. Exposure classes associated with atmospheric corrosion 

Name 
Exposure 

class 
(corrosivity) 

Loss of mass per surface unit/loss of thickness (after the 
first year of exposure) 

Examples of typical environments in a 
temperate climate 

Steel with low carbon 
content 

Zinc Exterior Interior 

Loss of mass 
g/m2 

Loss of 
thickness 
μm 

Loss of mass 
g/m2 

Loss of 
thickness 
μm 

C l very low ≤ 10 ≤ 1.3 ≤ 0.7 ≤ 0.1 --- Heated buildings with 
clean atmosphere, e.g. 
offices, shops, schools, 
hotels. 

C2 low > 10 and up to 
200 

> 1.3 and up to 
25 

> 0.7 and up to 
5 

> 0.1 and up to 
0.7 

Atmospheres 
with low levels of 
contamination 
Mainly rural 
areas. 

Unheated buildings 
where condensation 
may occur, e.g. 
warehouses, sports 
centres. 

C3 average > 200 and up 
to 400 

> 25 and up to 
50 

> 5 and up to 
15 

> 0.7 and up to 
2.1 

Urban and 
industrial 
atmospheres with 
moderate sulphur 
dioxide 
contamination. 
Coastal areas 
with low salinity. 

Manufacturing sites 
with high humidity and 
some air 
contamination, e.g. 
food processing plants, 
launderettes, 
breweries, dairies. 
Inside box girder 
bridges. 

C4 high > 400 and up 
to 650 

> 50 and up to 
80 

> 15 and up to 
30 

> 2.1 and up to 
4.2 

Industrial area 
and coastal areas 
with moderate 
salinity. 

Chemical plants, 
swimming pools, 
coastal vessels and 
shipyards. 

C5-I very high 
(industrial) 

> 650 and up 
to 1500 

> 80 and up to 
200 

> 30 and up to 
60 

> 4.2 and up to 
8.4 

Industrial areas 
with high 
humidity and 
corrosive 
atmosphere. 

Buildings or areas with 
almost permanent 
condensation and high 
contamination levels. 

C5-M very high 
(marine) 

> 650 and up 
to 1500 

> 80 and up to 
200 

> 30 and up to 
60 

> 4.2 and up to 
8.4 

Coastal and 
maritime areas 
with high 
salinity. 

Buildings or areas with 
almost permanent 
condensation and high 
contamination levels. 

Table 8.2.2b. Exposure classes associated with water and soil 

Name Exposure class Examples 

Im1 

Im2 

Im3 

Fresh water 

Seawater or salty water 

Soil 

Riverside installations, hydroelectric plants. 

Structures in port areas in contact with seawater; 
off-shore structures. 

Buried tanks, steel piles, steel pipes. 
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CHAPTER III. ACTIONS 


Section 9. Classification of actions 

The actions to be considered when designing a structure or structural member 
may be classified according to the following criteria:  

-	 classification according to their nature;  
-	 classification according to variation over time; 
-	 classification according to variation over space.  

9.1. Classification of actions according to their nature  

Actions may be classified according to nature in the following groups: 

-	 direct action: actions applied directly to the structure. This group includes 
the dead weight of the structure, other dead loads, overloads, etc.; 

-	 indirect action: imposed deformation or acceleration that may cause 
stresses. This group includes effects due to temperature, settling of 
foundations, imposed displacement, earthquakes, etc. 

9.2. Classification of actions according to variation over time  

Actions may be classified according to variation over time in the following groups: 

-	 permanent action (G): actions that take place at all times and have a 
constant magnitude and position. This group includes the dead weight of the 
structure, flooring and pavements, auxiliary elements, fixed installations, 
etc.; 

-	 permanent actions of inconstant value (G*): actions that take place at all 
times but whose magnitude is not constant and varies monotonously, such 
as diferred movements in foundations; 

-	 variable actions (Q): actions whose value frequently varies over time and in 
a non-monotonous way. This group includes service overloads, environment 
actions, actions due to construction processes, etc.; 
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-	 accidental actions (A): actions with a low probability of incidence throughout 
the design working life of the structure but which are of significant 
magnitude. This group includes actions due to impact, explosions, etc. 
Earthquakes may be considered to be of this type.  

Fire action is regarded as an accidental design situation and is analysed in 
Chapter XII of and Annex 8 to this Code.  

9.3. Classification of actions according to variation over space  

Actions may be classified according to their variation over space in the following 
groups: 

-	 fixed action: actions that always take place in the same position. This group 
basically includes actions due to the dead weight of the structural and 
functional members;  

-	 free action: actions whose position may vary in the structure. This group 
includes service overloads, for example.  

Section 10. Characteristic values of actions  

10.1. General 

The characteristic value of an action is its reference value for design purposes. It 
may be determined by a mean value, a nominal value or, in cases where it is fixed by 
statistical criteria, a value corresponding to a given probability of not being exceeded 
during a reference period that takes the design working life of the structure and the 
duration of the action into account. 

10.2. Characteristic values of permanent actions  

For permanent actions in which significant dispersion can be expected, or in 
which there may be some variation during the structure's service period, such as 
ballast, pavement and flooring, the highest and lowest characteristic values are taken. 
A single value will suffice in other cases. 

In general, a single value calculated using the nominal dimensions and specific 
nominal weights is used as the characteristic value of the structure’s dead weight. For 
steel products, the following value is taken for specific weight: 

Steel: 78.5 kN/m3 

Section 11. Representative values of actions 

The representative value of an action is the value used to check its limit states. 

One action may have one or more representative values, depending on its type.  

The representative value of an action is its characteristic value Fk or this as 
affected by a simultaneity factor Ψi: 

ΨiFk 
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The characteristic values of actions shall be those given in the regulations on 
actions in force.  

Table 11.a. Simultaneity factors for service overloads in buildings 

USE OF THE MEMBER ψ0 ψ1 ψ2 

Residential and domestic areas 

Office areas 

Meeting areas 

Commercial areas 

Storage areas 

Traffic areas with vehicle weight ≤ 30 kN 

Traffic areas, 30 kN < vehicle weight ≤ 160 kN 

Inaccessible ceilings 

0.7 

0.7 

0.7 

0.7 

1.0 

0.7 

0.7 

0.0 

0.5 

0.5 

0.7 

0.7 

0.9 

0.7 

0.5 

0.0 

0.3 

0.3 

0.6 

0.6 

0.8 

0.6 

0.3 

0.0 

Table 11.b. Simultaneity factors for snow action 

ψ0 ψ1 ψ2 

Buildings located at an altitude of H > 1000 metres 
above sea level 

0.7 0.5 0.2 

Buildings located at an altitude of H ≤ 1000 metres 
above sea level 

0.5 0.2 0.0 

Table 11.c. Simultaneity factors for wind action 

ψ0 ψ1 ψ2 

0.6 0.2 0.0 

Table 11.d. Simultaneity factors for heat action 

ψ0 ψ1 ψ2 

0.6 0.5 0.0 

Section 12. Design values of actions 

The design value of an action is the value obtained as the product of the 
representative value (Section 11º) and a partial factor for the action: 

Fd = γf Ψi Fk 

where: 

Fd design values of the action F; 

γf partial factor for the action in question.  

TITLE 1 page 11 



 

 
 
 

 

    

     

    

    

 
 

 
 
 

  
 
 
 

 

 

 

  

  

  

  

12.1. Ultimate limit states 

The values in Table 12.1 shall be adopted as partial factors for the actions in the 
ultimate limit state checks, provided that the corresponding specific legislation 
applicable to actions does not lay down other criteria, in which case the latter shall be 
adopted. 

Table 12.1. Partial factors for actions, for assessing ultimate limit states 

ACTION TYPE Persistent or temporary 
situations 

Accidental situations 

Favourable 
effect 

Unfavourable 
effect 

Favourable 
effect 

Unfavourable 
effect 

Permanent γG = 1.00 γG = 1.35 γG = 1.00 γG = 1.00 

Permanent with non
constant value 

γG* = 1.00 γG* = 1.50 γG* = 1.00 γG* = 1.00 

Variable γQ = 0.00 γQ = 1.50 γQ = 0.00 γQ = 1.00 

Accidental - - γA = 1.00 γA = 1.00 

For permanent actions, the obtaining of the favourable or unfavourable effect 
thereof shall be determined by weighing up all actions of the same origin with the same 
safety factor indicated in Table 12.1.a.  

Where the results of checking are very sensitive to variations in the magnitude of 
permanent action on some part of the structure, the favourable and unfavourable parts 
of that action shall be considered as individual actions. This shall particularly apply to 
the checking on the equilibrium limit state where a factor of γG = 0.9 shall be adopted 
for the favourable part, and a factor of γG = 1.1 shall be adopted for the unfavourable 
part, in the case of service situations, or a factor of γG = 0.95 shall be adopted for the 
favourable part, and a factor of γG = 1.05 shall be adopted for the unfavourable part, in 
the case of construction stage. 

12.2. Serviceability limit states  

The values in Table 12.2 shall be adopted as partial factors for the actions in the 
serviceability limit state checking, provided that the corresponding specific legislation 
applicable to actions does not lay down other criteria. 

Table 12.2. Partial factors for actions, for assessing serviceability limit states 

ACTION TYPE Favourable effect Unfavourable effect 

Permanent γG = 1.00 γG = 1.00 

Permanent with non-constant value  γG* = 1.00 γG* = 1.00 

Variable γQ = 0.00 γQ = 1.00 
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Section 13. Combination of actions 

13.1. General principles 

The possible combinations of actions shall be established for each of the 
situations studied. A combination of actions shall consist of a set of compatible actions 
which shall be considered as acting simultaneously for a specific check. 

Each combination will usually comprise permanent actions, one determinant 
variable action and one or more concomitant variable actions. Any of the variable 
actions may be the determinant action.  

13.2. Ultimate limit states 

The combinations of actions for the different design situations shall be defined 
according to the following expressions: 

In persistent or temporary situations: 

 γG, jGk, j  γG*, jG *k, j γQ,1Qk,1  γQ,iψ0,iQk,i
 
j1 j1 i1
 

In accidental situations: 

 γG, jGk, j  γG*, jG *k, j γAAk  γQ,1ψ1,1Qk,1  γQ,iψ2,iQk,i
 
j1 j1 i1
 

In earthquake situations: 

 γG, jGk, j  γG*, jG *k, j γAAk  γQ,1ψ1,1Qk,1  γQ,iψ2,iQk,i
 
j1 j1 i1
 

where: 


Gk,j characteristic value of permanent actions; 


G*
k,j characteristic value of permanent actions with a non-constant value;  


Qk,1 characteristic value of the determinant variable action; 


ψo,i Qk,i representative value of a combination of variable actions acting at the
 
same time as the determinant variable action; 

ψ1,1 Qk,1 frequent representative value of the determinant variable action; 

ψ2,i Qk,I quasi-permanent representative value of variable actions acting at the 
same time as the determinant variable action and the accidental action, or with an 
earthquake; 

Ak characteristic value of the accidental action; 

AE,k characteristic value of earthquake action. 
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In persistent or temporary situations where there is no obvious determinant action 
Qk,1, different possibilities will be assessed, considering different variable actions as the 
determinant action. 

Currently, the ultimate limit state of fatigue requires special checks that depend 
on the members to be designed (structural members, construction steel, joints, bolts, 
etc.) and on the construction details. The fatigue checking shall be conducted in 
accordance with Chapter XI of this Code.  

13.3. Serviceability limit states  

Only persistent and temporary design situations are considered for these limit 
states. In these cases, combinations of actions shall be defined according to the 
following expressions: 

Unlikely combination:  

*
 γG, jGk, j  γG*, jG k, j  γQ,1Qk,1  γQ,i0,iQk,i
 
j1 j1 i1 

Frequent combination:  

G, jGk , j G*, jG
* 

k , j Q,11,1Qk ,1 Q,i 2,iQk ,i
 
j1 j1 i1
 

Quasi-permanent combination: 

*
 γG, jGk, j  γG*, jG k, j  γQ,i2,iQk,i
 
j1 j1 i1 
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CHAPTER IV. MATERIALS AND GEOMETRY 


Section 14. 	 General 

The structural response must be determined and the effect of actions assessed 
using design values for the material properties and the structure’s geometric data. 

The design values necessary for checking fragile fractures and fatigue are given 
in subsection 32.3 and Chapter XI respectively.  

Section 15. 	 Characteristic and design values for material 
properties 

15.1. Characteristic values 

For the purposes of this Code, the nominal values given in Chapter VIII shall be 
used as the characteristic values for material properties. 

15.2. Design values 

The design values for material properties (Rd) are obtained by dividing the 
characteristic values (Rk) by a partial factor for resistance (γM): 

Rd = Rk / γM 

15.3. Partial factors for steel resistance 

The partial factor values for resistance in the ultimate limit states verification are 
given in Table 15.3. 
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Table 15.3. Partial resistance factors for ultimate limit states 

Resistance of cross-sections.  γM0= 1.05(1) 

Resistance of structural members 
to instability.  

γM1= 1.05(1), (2) 

Resistance of cross-sections in 
tension to fracture. 

γM2= 1.25 

Resistance of joints.  γM2= 1.25 

Slip resistance of pre-loaded bolts: 

- at ultimate limit state (category 
C joints) (see subsections 58.2 
and 58.8); 

- at serviceability limit state 
(category B joints) (see 
subsections 58.2 and 58.8).  

γM3= 1.25 

γM3= 1.10 

(1)	 In the design of building structures, a partial factor of γM0= γM1= 1.00 may be adopted wherever 
the following requirements are met at the same time:  

-	 “stricter” tolerances in accordance with Section 80; 

-	 additional guarantees for the steel in accordance with Section 84. It must be ensured 
that the yield strength of the steel used in the works shows a dispersion in 
accordance with the reduced partial factor, from an analysis based on structural 
reliability theory; 

-	 intensive monitoring of execution in accordance with Section 89.  
(2)	 In the design of steel bridges, a partial factor of γM1= 1.10 is adopted in all cases.  

The partial factors for resistance that apply for checking structural joints 
connecting hollow sections are given in Chapter XIV. 

The partial factors for resistance that apply for fatigue assessment are given in 
Chapter XI. 

Serviceability limit states will be checked using partial factors for resistance with 
values equal to unity. 

Section 16. Geometry 

16.1. Characteristic and design values 

The nominal values defined in the product standards or design documentation 
shall be adopted as the characteristic and design values for the geometric data: 

ak = ad = anom 
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In some cases, where geometric imprecision has a significant effect on the 
resistance of the structure, the following shall be taken as the design value for the 
geometric data: 

ad = anom + Δa 

where ∆a shall consider any unfavourable deviation to the nominal values, and shall be 
defined according to the tolerances established in the design. The value of ∆a may be 
either negative or positive. 

16.2. Imperfections 

Imperfections in manufacture and assembly, including residual stresses and 
geometric imperfections such as errors in verticality, straightness, flatness, alignment, 
and any eccentricities in the assembly of joints, shall be taken into account for checking 
instability. 

In this Code, the effects of such imperfections shall be taken into account by 
using some equivalent geometric imperfections, to be defined in accordance with 
Section 22. 
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TITLE 2. STRUCTURAL ANALYSIS 

CHAPTER V. STRUCTURAL ANALYSIS 


Section 17. General 

The structural analysis consists of obtaining the effect of actions on all or part of 
the structure in order to check the ultimate limit states and serviceability limit states 
defined in Section 8. 

Such an analysis must be conducted for the different design situations given in 
Section 7 using adequate structural models that consider the influence of all relevant 
variables. 

Section 18. Idealisation of the structure 

18.1. Structural models 

In order to conduct the analysis, both the geometry of the structure and the 
actions and support conditions are idealised by means of an adequate mathematical 
model, which must also roughly reflect the stiffness conditions of the cross-sections, 
members, joints and interaction with the ground. 

The structural models must allow to consider the effects of movements and 
deformations in those structures or part thereof, where second-order effects increase 
the effects of the actions significantly. 

In certain cases, the model must incorporate the following into its stiffness 
conditions: 

- the non-linear response of the material outside the elastic analysis; 

- the effects of shear lag in sections with wide flanges; 

- the effects of local buckling in compressed sheet panels; 
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- the effects of the catenary (using a reduced modulus of elasticity, for example) 
and of displacement on structures with cables; 

- the shear deformability of certain structural members; 

- the stiffness of the joints; 

- interaction between the ground and the structure. 

Where it is necessary to conduct dynamic analyses, the structural models must 
also consider the properties of mass, stiffness, resistance and damping of each 
structural member, as well as the mass of other, non-structural, members. 

Where it is appropriate to perform a quasi-static approximation of the structure's 
dynamic effects in accordance with the codes or regulations in force, such effects may 
be included in the static values of the actions, or dynamic amplification factors 
equivalent to such static actions could even be applied. 

In some cases (e.g. vibrations caused by wind or earthquake), the effects of the 
actions may be obtained from linear elastic analyses using the modal superposition 
method. 

Structural analyses for fire require specific models that are considered in Chapter 
XII. 

In some cases, the results of the structural analysis may undergo marked 
variations regarding to possible fluctuations in some model parameters or in the design 
hypotheses adopted. In such cases, the Designer shall perform a sensitivity analysis 
that allows to limit the probable range of fluctuations in the structural response. 

18.2. Member models 

For purposes of the analysis, structural members are classified as one-
dimensional when one of the dimensions is much greater than the others, two-
dimensional when one of the dimensions is small in comparison with the other two, and 
three-dimensional when none of the dimensions is significantly greater than the others. 

The Designer shall in each case select the most suitable member type to show 
the structural response satisfactorily. 

The directrix of the member will usually follow the alignment of the elastic centres 
of mass of the cross-sections. 

18.2.1. Design spans 

Unless especially justified, the design span of a one-dimensional member shall 
be the distance between the support axes or the intersection points of its directrix and 
those of adjacent members. 

18.2.2. Static shear magnitudes of cross-sections 

The global structural analysis may in most cases be performed using the gross 
cross-sections of the members, based on their nominal dimensions. 

For one-dimensional members, the static magnitudes to be considered are the 
area, the principal moments of inertia and the uniform torsion modulus. 
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The shear area and effects of distortion on the section and warping torsion need 
only be taken into account in some special cases. 

The effects of shear lag in sections with wide flanges, and the effects of local 
buckling of compressed sheet panels, on member stiffness must be taken into account 
when these may have a significant impact on the results of the structural analysis. 

The effect of shear lag on flanges may be taken into account by considering 
effective widths, in accordance with Section 21. 

The effect of local buckling of compressed panels on member stiffness may be 
taken into account by means of equivalent effective sections in the case of slender 
cross-sections of class 4, in accordance with subsection 20.7. 

In the case of sections with principal axes that do not coincide with the planes 
where load is acting, the Designer must use structural models that a correct estimation 
of the actual response of the members subject to biaxial bending. 

When the shear force centre does not coincide with the centre of mass of the 
cross-section, mainly in open sections, the structural model must also take due account 
of the actions, static magnitudes and geometry of the members, so as to reproduce the 
effects of bending and torsion on the structure reliably, as well as any mutual 
interaction and load eccentricities. 

18.2.3. Consideration of the effects of distortion on closed section members 

In members subjected to torsion, and areas where significant concentrated loads 
are applied, the effects resulting from deformations owing to distortion of the cross-
section must be considered if they are significant. 

In order to monitor the magnitude of such effects in large closed sections (bridge 
box girders, for example), it will usually be necessary to have an internal stiffness 
system using transverse members called diaphragms, which may be frames, 
triangulations or plate girders. 

The effects of distortion may be discounted when the actual stiffness or 
dimensions of the cross-section (hollow sections, for example), and/or of any 
diaphragms, limit the effects of the distortion, once they have been added, by less than 
10 % of the material's reduced yield strength in the member in question under the 
relevant local or eccentric actions. 

Where diaphragms are necessary, they must be designed for the stresses 
resulting from their stiffening effect on the closed section, for the torsion actions (under 
eccentric loads or in members of curve directrix in plan) or when they are close to 
concentrated loads (intermediate and supports), according to Annex 3. 

In the presence of dynamic actions, the effects of distortion on the members and 
any diaphragms must always be considered when checking the structure‟s fatigue limit 
state. 

18.2.4. Consideration of the effects of mixed torsion on members with open 
or closed sections 

The content of this subsection only applies directly to linear members subjected 
to torsion where the distance between points where there is no moment is equal to or 
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greater than 2.5 times its depth, and the width is less than or equal to four times its 
depth, and the directrix is straight or curved. 

The response of linear members to torsion, where the effects of distortion on the 
members may be discounted, is the sum of two mechanisms: 

a)	 uniform or Saint-Venant torsion that only generates shear stresses in the cross-
section and the stiffness of which is characterised by the torsion modulus It of the 
cross-section; 

b)	 non-uniform or warping torsion that generates both direct and shear stress in the 
different sheet panels of the cross-section. Its stiffness remains characterised by 
its warping modulus, Iw. 

The response of a member to torsion may be obtained through an elastic 
analysis that incorporates the general equations for mixed torsion, depending on the 
static torsional magnitudes of the cross-sections, It and Iw, the material deformation 
modulus, E and G, the connecting factors for rotation and warping at the ends of the 
member, and the distribution of torsion action along it. Alternatively, the structural 
analysis for torsion may be approached through finite elements models for the part. 

It may be permitted for the effects of warping stress to be discounted in a suitably 
approximate way, to analyse just the uniform torsion in members in the following cases: 

a)	 members that have freedom to warp at their extremities and which are required 
solely for moment at such extremities; 

b)	 members in which the warping module of the cross-section, Iw, is of negligible or 
small magnitude in comparison with the torsion module, It. This is the case for the 
following: 

–		 solid sections (round, square, rectangular, etc.); 

–		 open cross-sections made up of rectangles that are sheared at a given point 
(angles, cross-shaped sections, single T units, etc.); 

–		 closed cross-sections (tubes, single-cell or multi-cell boxes with no distortion, 
etc.). 

Additionally, by way of simplification, it may be permitted for the effects of uniform 
torsion to be discounted, and only analyse the warping stress, in the case of beams 
with thin-walled open sections such as double T, U, H, Z sections, etc. 

Where the static equilibrium of a structure basically depends on the torsion 
resistance of one or more members, such members shall mainly be designed using 
closed sections. In such cases, open sections cannot usually be recommended for 
resisting torsion loads, although for bridges or special parts that are straight or slightly 
curve on plan it may be possible to use double-beam or double-girder open sections 
that are designed to provide sufficient resistance to torsion resulting from eccentric 
actions. 

However, in hyperstatic structures there are often open-section members 
(transverse beams for grids or twin box bridge decks, for example) being subject to 
torsion owing solely to the compatibility conditions resulting from differential bending 
between longitudinal members. 
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The effects of warping stress must be taken into account, where they are 
significant, for the checking on the structure‟s serviceability limit states and fatigue limit 
state, including those members subjected to compatibility torsion. For ultimate limit 
states, these effects need only be considered for members loaded with equilibrium 
torsion and members subjected to compatibility torsion, the stiffness of which under 
torsion has been considered in the calculation of forces for the global analysis of the 
structure and has a significant influence on the results of the calculation. 

The use of structural models, mainly of bars, that only incorporate the uniform 
torsion stiffness of the members usually underestimates the effects of torsion in open 
sections. Where greater precision is required, for example in the case of slender 
sections or fatigue checking, It torsion modulus must be used, corrected so that they 
approximate the uniform torsion stiffness to the member‟s actual mixed-torsion 
stiffness, estimated by means of analytical solutions or sub-models of finite elements, 
under the actual loading and connecting conditions to which they will be subjected. 
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Table 18.2.4. Coordinates for the shear force centre, torsion modulus and warping 
modulus in some frequently used cross-sections 

SECTION COORDINATES OF THE 
SHEAR CENTRE 

TORSION 
MODULUS 

WARPING 
MODULUS 

ANGLES OF EQUAL SIDES 

00 y
dz 0

3

3
2 be The following may 

be assumed in 
practice: 

ANGLES OF UNEQUAL SIDES 
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0

0

dz
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21 ebb 
The following may 

be assumed in 
practice 

SIMPLE T SECTION 
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1 bebe 

The following may 
be assumed in 
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SYMMETRICAL DOUBLE T SECTION 
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3
1 ebbe 

42

22

1
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Table 18.2.4 (continued) 

SECTION 
COORDINATES OF 

THE SHEAR 
CENTRE 

TORSION MODULE WARPING MODULE 

FORMULAE THAT ARE ALSO VALID FOR 
LAMINATED C BEAMS 
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In cross-sections 8 and 9, “c” is the distance between the axis of the flange and 
the centre of gravity of the flaps at the ends. 
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18.2.5. Torsion stiffness of semi-closed sections with triangulations or 
frames on any of their sides 

This is the case, for example, for open subsections of mixed box sections that 
provisionally close their torsion circuits during construction phases by means of 
triangulations or Vierendeel frames on any of their sides. There may also be members 
made only of steel that include such arrangements (columns and composite supports, 
for example). In order to design the uniform torsion modulus for such members, the 
equivalent thickness „t‟ of a fictitious sheet panel may be considered, where the 
deformation energy of such a panel under uniform torsion is equal to that of the 
corresponding triangular panel or Vierendeel frame. 

Figure 18.2.5 gives the expressions that yield the equivalent thickness „t‟ for the 
most common arrangements: 
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Figure 18.2.5. Equivalent thickness „t‟ for the most common arrangements of semi-
closed sections with triangulations or frames on any of their sides 

where: 

A1, A2, I1, I2 area and second moment of area of each chord; 
Ad area of a diagonal; 
Am, Im area and second moment of area of an upright; 
a, b, d dimensions given in the adjoining diagrams; 
E and G modulus of the steel‟s elasticity and transverse deformation. 
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18.3. Models for the stiffness of joints 

Depending on their relative stiffness in relation to the members that are to be 
joined, subsection 57.4 classifies joints as follows: nominally pinned joints, rigid joints 
or fixing, and semi-rigid joints the deformability of which remains characterised by their 
moment-rotation curves (see subsection 57.2). 

The stiffness, resistance and ductility requirements are discussed in Section 57. 

In the case of semi-rigid joints, the structural model must be able of reproducing 
the effects of their non-linear performance on the distribution of forces throughout the 
structure and on the structure's global deformations, unless such effects are 
insignificant. 

For bridges and structures subjected to dynamic loads, the check on joints must 
include verification of whether they respond to fatigue correctly. 

Joint design is usually studied to minimise eccentricities between the barycentric 
axes of the connected members, in such a way as to minimise the secondary forces 
owing to possible stiffness of joints when they rotate. 

Subsection 55.4 discusses the conditions that allow such effects to be discounted 
in the event of nodes in triangular structures. Section 64 also sets out specific 
conditions for direct joints in hollow section members. In other situations, the resistance 
and fatigue checking, both for the actual joints and for the connected members, must 
include such secondary forces, and the structural model must adequately incorporate 
the geometry of the eccentricities quoted. 

18.4. Models for the stiffness of foundations 

In some structures, the performance of which is affected significantly by the 
deformability conditions of the ground foundations, the analysis shall be approached 
using structural models that adequately incorporate the effects of interaction between 
the ground and the structure. 

Where the structural response may be regarded as being significantly affected by 
possible variations in the deformation parameters of the ground in relation to their 
estimated mean value, the structural analysis shall include a sensitivity analysis to 
ensure that the structure responds correctly within the probably fluctuation range for 
such parameters, which shall be set out and justified in the geotechnical design report. 

In order to incorporate the stiffness of connections between the foundations and 
the ground into the structure model, elastic or non-linear springs (for horizontal, vertical 
and turning displacement) or, if necessary, a model of finite elements from the adjacent 
area of ground may be used. 

The stiffness of deep foundations must include any possible group effect of piles, 
as well as the stiffness of the piles and pile caps together. 

Where the structural response is affected significantly by interaction with the 
ground, the structure‟s design shall cover any uncertainties in the model so as to 
ensure that its global response has adequate ductility, as well as the different members 
affected together with their joints. 
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Section 19. Global analysis  

19.1. Analysis methods 

Any structural analysis must satisfy the equilibrium and compatibility conditions, 
taking into account the laws that affect the performance of the materials. 

Methods for the global analysis of a structure are classified as follows: 

a)	 linear analyses, based on the elastic-linear performance hypothesis for the 
materials considering the equilibrium on the structure without deformation (first-
order analysis); 

b)	 non-linear analyses, which take account of mechanical non-linearity, i.e. the non-
linear performance of materials, and geometric non-linearity, i.e. considering the 
equilibrium conditions on the deformed structure (second-order analysis); 

c)	 non-linear analyses in turn may study one or more of the non-linear causes 
mentioned. 

Non-linear performance implies the invalidity of the superposition principle, which 
must be taken into account when applying the safety format described in Chapters II, III 
and IV. 

In cases of non-linearity, the structural response depends on the load history, and 
it is usually worth proceeding gradually, covering the elastic and elastic-plastic ranges 
until the structure fails. 

A non-linear analysis usually requires an iterative process of successive linear 
analyses for a given load level until they converge on a solution that satisfies the 
material equilibrium, compatibility and performance conditions. Such conditions are 
checked on a set of sections, depending on discretisation, which must be sufficient to 
ensure that the structural response is adequately approximated. 

The corresponding fatigue limit state checks shall be conducted based on the 
results of a linear global analysis of the structure. 

Serviceability limit state checks are also usually to be conducted by means of 
linear analyses. Exceptions to this are certain one-off structures that are very slender 
or anchored, where it may be necessary to consider the effect of deformations under 
service loads. Section 41 also considers the possibility of allowing limited plasticising in 
service situations for certain structures subjected to predominantly static loads. 

Possible consideration of the effects of shear lag on the global analysis of the 
structure is discussed in subsections 18.2.2 and 21.2. 

The effects of the instability of thin, compressed sheets may dictate the type of 
global analysis to be performed on the structure, in accordance with Section 20. The 
effects of local buckling on the stiffness of members to be considered in the global 
analysis of the structure are discussed in subsection 18.2.2. For slender sections of 
class 4, please also see subsection 19.3. 
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19.2. Consideration of material non-linearity 

Depending on the way in which the effects of material non-linearity are 
considered or not, the methods for global analysis of the structure are classified as 
follows: 

a) elastic global analysis; 

b) plastic global analysis; 

c) elastic-plastic global analysis. 

The elastic global analysis may be used in all cases, with the precautions set out 
in subsection 20.6. 

Conventional building structures may, in certain cases, use an elastic linear 
analysis with limited redistribution, in accordance with subsection 19.3.1. 

The elastic-plastic global analysis described in subsection 19.5 may always be 
used to test the ultimate limit states. 

The plastic global analysis cannot be used for bridges or structures subject to 
mobile or iterative significant overloads. 

19.3. Elastic global analysis 

The elastic global analysis is based on the assumption that the stress-strain 
performance of the material is linear, whatever the stress level is. 

It is a linear method that allows for the principle of superposition. 

Its application to serviceability limit state and fatigue limit state checking for steel 
structures means that the effects of the following must be considered: 

–		 the different resistance diagrams and load application sequences in the case of 
progressive assembly; 

–		 heat actions (expansion and gradient); 

–		 actions caused by supports drops or any imposed deformation applied to the 
structure (pre-stressing, imposed movement of supports, etc.). 

Such effects may be discounted when checking the ultimate limit states of the 
structure, if all the critical or potentially critical sections are of class 1 (see Section 20). 

The elastic global analysis may be applied to obtain the forces in the structure, 
including even when the resistance checks on sections for ultimate limit states are 
determined by local buckling of their sheets (sections of class 4), or take their plastic 
reserves into account (sections of class 1 or 2), with the exceptions made in subsection 
20.6. 
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19.3.1. Elastic global analysis with limited redistribution 

This is where the forces of the combined actions to be considered are obtained 
from a linear elastic global analysis, in order to check the structure‟s ultimate limit 
states, as described in subsection 19.3, and redistribution of forces subsequently 
made. 

Its application is limited to continuous beams in conventional building structures 
in which adequate ductility conditions are ensured. To this end, the following conditions 
must be fulfilled: 

a)	 redistribution in the elastic laws of bending moments for each span are limited to 
15 % of its maximum value in the member; 

b)	 the forces in the structure must be in equilibrium with the loads applied, once such 
forces have been redistributed; 

c)	 the cross-sections of all members for which redistributions are made must be of 
class 1 or class 2, in accordance with Section 20; 

d)	 the lateral stability of the beams and of their compressed flanges must be 
adequately controlled. 

19.4. Plastic global analysis 

Methods based on the plastic global analysis of steel structures may only be 
applied to the checking of ultimate limit states of conventional building structures, or 
structures subjected to predominantly static loads, and in the absence of iterative 
significant overloads. 

Plastic methods are approached in accordance with the theory of plastic hinges, 
and allow for full redistribution of forces inside the structure, ensuring that the plastic 
resistance moment obtained by successive plastic hinges remain unchanged until the 
last plastic hinge is formed, which converts the structure into a mechanism. 

Plastic methods may be based on any one of the basic plasticity theorems: the 
static or of lower limit and the kinematic or of upper limit. 

These methods do not allow to consider the loading sequences and phases for 
developing structures, nor thermal action, imposed deformation or any self-balancing 
system of actions that load the structure, and it may be assumed an steady growth in 
the amplification factors of the actions until the collapse mechanism is achieved for the 
different combinations of actions considered. The principle of superposition cannot be 
applied. 

A plastic global analysis is only permitted where the different members of the 
structure have sufficient ductility to ensure redistribution of the forces required by the 
plastic collapse mechanisms that are considered. Verifying that the conditions set out 
in subsection 20.5 have been met ensures this. 

In the case of supports or lintels subjected to compression forces, any estimate of 
their rotary capacity must consider the influence of the compression axil on reducing 
the ductility of the moment-curvature (M-χ) laws governing the cross-sections. 
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Plastic analyses must not usually be used where the second-order effects due to 
deformations cannot be disregarded, since in such cases the collapse of the structure 
may be achieved before all the plastic hinges of the first-order plastic failure 
mechanism are developed. In such cases, the general, non-linear analysis method 
described in subsection 24.4 must be used. 

19.5. General, elastic-plastic, non-linear analysis method 

The elastic-plastic method considers the influence of the non-linear response of 
steel on the moment-curvature diagrams for different cross-sections, which are usually 
obtained under steadily increasing loads until ultimate resistance is achieved. Moment-
curvature diagrams must include consideration of possible axial force that might act at 
the same time. 

The cross-sections remain elastic until they achieve deformation corresponding 
to the yield strength in the most stressed fibre. Under increasing loads, the section 
undergoes gradual plastification until the maximum strains are achieved for 
compression or traction in the most stressed fibre. 

The maximum strain for steel is given in subsections 19.5.1 to 19.5.3, including 
the consideration of possible instability phenomenon in compressed sheets. 

The properties of the reduced design section, for considering the effects of sheet 
instability on slender cross-sections of class 4, are obtained depending on the 
maximum strain of the compressed members, increasing steadily, in accordance with 
subsection 20.7. 

The effects of shear lag under increasing loads are taken into account based on 
the effective widths given in subsections 21.3 and 21.4 for the elastic phase, and in 
subsection 21.5 for the elastic-plastic phase. 

The elastic-plastic global analysis is approached for the combinations of actions 
to be considered for the ultimate limit states by means of non-linear design algorithms 
based on the moment-curvature (M-χ) laws governing the different cross-sections. The 
principle of superposition cannot be applied. 

19.5.1. Sections without longitudinal stiffeners 

The following limit strains shall be adopted: 

a) compressed steel members: 

İcu = 6 İy for sections of class 1; 

İcu = 3 İy for sections of class 2; 

İcu = İy for sections of classes 3 and 4; 

b) tensioned steel members: 

εtu = 2 % for sections of classes 1 and 2; 

εtu = 6 εy for sections of classes 3 and 4, 

where İ y is the strain corresponding to the reduced yield strength of the steel. 
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In slender cross-sections of class 4, the effective widths of the sections are 
obtained using the criteria set out in subsection 20.7 and in Tables 20.7.a and 20.7.b, 
based on the deformity plane under consideration. In order to calculate the reduction 
factor ρ for compressed panels, the maximum compression strain of the panel shall be 
adopted to evaluate p for this deformity plane. This shall hold for both the 
compressed flange and the fully or partially compressed web: 

cr

c
p






max

The effective width for the shear lag of a panel may be estimated, in accordance 
with subsection 21.5, using a linear interpolation of the reduction factors ψ for 
intermediate curvatures χ, between the elastic χel and the ultimate elastic-plastic χu. 

19.5.2. Sections with longitudinal web stiffeners 

The same limit strains for tension and compression are adopted as for subsection 
19.5.1. 

In order to obtain the effective widths for slender webs, it shall be considered that 
every stiffener divides the web sheet into independent sub-panels. A similar criterion is 
applied to each sub-panel to the one set out in subsection 19.5.1, and the value İcmax is 
considered as the maximum strain on the most highly compressed depth of the panel 
(see Figure 19.5.2). 

compressed flange 

neutral axis of the 
gross section neutral axis of the 

reduced flange 
section neutral axis of the 

reduced section 

tensioned flange 

GROSS SECTION REDUCED FLANGE REDUCED SECTION 
SECTION 

Figure 19.5.2. Effective sections with stiffeners 

19.5.3. Sections with longitudinal stiffeners for compressed flanges 

The elastic-plastic analysis of cross-sections with compressed, stiffened flanges 
essentially depends on the latter, the response of which may be assimilated into a 
series of stiffeners with the associated effective width of compressed flange at each 
side of their axis. These stiffeners perform as compressed supports resting elastically 
on transverse stiffeners (or anti-distortion diaphragms of the box girder sections). 
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Annex 6 discusses possible approximate models for the non-linear elastic-plastic 
response of compressed, stiffened sheet panels, which may be used to estimate the 
moment-curvature laws that govern the full cross-section. 

19.6. Effects of deformed geometry of the structure 

The global analysis of the structure may usually be performed by means of: 

a)	 a first-order analysis, using the initial geometry of the structure; 

b)	 a non-linear second-order analysis, taking into account the effects of the 
deformed geometry of the structure. 

The second-order effects due to deformation of the structure, must be considered 
if they increase the action effects (forces and deformation) significantly in the structural 
response. 

Geometric and mechanical imperfections must be considered in order to evaluate 
this, in accordance with Section 22. The principle of superposition cannot apply as it is 
a non-linear analysis. 

The influence of second-order effects on the reduction of resistance capacity of 
certain individual members, such as wholly or partially compressed supports or 
constant section beams, is taken into account under this Code by means of reduction 
factors that are included in their resistance formulae, such as those stated in 
subsections 35.1, 35.2 and 35.3. 

Section 23 describes the methods to evaluate whether the second-order effects 
have a significant impact on the global response of the structure. 

Section 24 discusses the general analysis methodology that allows such effects 
to be taken into account if need be. 

Section 20. Classification of cross-sections 

20.1. Bases 

Grouping cross-sections into four classes allows to identify the influence of local 
instability phenomenon of sheets (local buckling) in the compressed areas on: 

–		 resistance, identifying the section capacity for achieving, or not, their elastic or 
plastic resistance moments (see Figure 20.1.a); 

–		 rotation capacity, identifying their ability to develop, or not, the ultimate 
curvatures required for a global analysis of forces using elastic or plastic 
methods (see Figure 20.1.b). 
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CLASS 1 (PLASTIC)
 

Mpl 

CLASS 2 (COMPACT) 

CLASS 3 (SEMI-
COMPACT)  LOCAL INSTABILITY 

POINT 
CLASS 4 (SLENDER) 

X 
Xel Xpl X PLASTIC 

HINGE 

Figure 20.1.a. Moment-curvature (M-χ) laws for cross-sections of classes 1 
to 4 

first plastification (each span) 

Class 3 

Class 2 

Class 1 

first plastic hinge (support) 

second plastic hinge (each span) 

Class 4 first plastification (support) 

local instability 

Figure 20.1.b. Elastic-plastic diagram up to fracture of a continuous lintel, 
depending on the class of the cross-sections. 

The assignment of a cross-section class only applies in relation to sheet 
instability phenomenon under the action of direct stresses. The problems associated 
with local buckling on sheets subjected to shear stresses are discussed in subsection 
35.5 and Section 40. 
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Table 20.1. Classification of cross-sections in relation to the checking ultimate limit 
states 

Class Performance model Design 
resistance 

Rotation 
capacity of 
the plastic 

hinge 

Global 
analysis 

of the 
structure 

1 
local 

buckling 

Mpl 

PLASTIC 
on the whole 

section 
fy significant elastic or 

plastic 

2 Mpl 

local 
buckling 

PLASTIC 
on the whole 

section 
fy limited elastic 

3 
Mpl 

Mel 

local 
buckling 

ELASTIC 
on the whole 

section 
fy 

none elastic 

4 
Mpl 

Mel 

local 
buckling 

ELASTIC 
on the effective 

section 
fy none elastic 

20.2. Classification of cross-sections 

Depending on the influence of sheet instability problems on its resistance 
response, four classes of cross-section are defined (see Figures 20.1.a and 20.1.b): 

–		 sections of class 1 (plastic) develop their plastic resistance capacity without 
being affected by local buckling in their compressed areas, and can form a 
plastic hinge with the rotation capacity required from plastic analysis without 
reduction of the resistance; 

–		 sections of class 2 (compact) may develop their plastic moment resistance, but 
the local buckling limit their rotation capacity to a level below that required for the 
plastic global analysis to be applied; 
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–		 sections of class 3 (semi-compact) are those in which the stress in the extreme 
compression fibre, assuming an elastic distribution of stresses, can reach the 
yield strength, but local buckling is liable to prevent the development of the 
plastic moment resistance; 

–		 sections of class 4 (slender) are those in which local buckling also inhibit the 
development of their elastic resistance capacity, and the yield strength cannot be 
reached in the extreme compression fibre. 

The classification of a cross-section depends on the following: 

a)	 the yield strength of the steel in the section; 

b)	 the geometry of the section and, in particular, the slenderness (dimension/thickness 
relationship) of its wholly or partially compressed sheets; 

c)	 any lateral connections in the compressed areas; 

d)	 sign of bending moment in the case of asymmetrical sections, in relation to their 
neutral fibre; 

e)	 the bending/axial forces relationship in sections subjected to combined bending or 
compression, which determines the position of the neutral fibre and thus the 
geometry and extension of the compressed areas of the sheet; 

f)	 the direction of the bending moment axis in cases of biaxial bending, which 
determines the orientation of the neutral fibre and thus the geometry and extension 
of the compressed areas of the sheet. 

The different compressed sheets in a cross-section, for example the flanges or 
webs, may be assigned to different classes, depending on the slenderness and 
extension of their compressed areas. 

The highest class is usually assigned to a cross-section, i.e. the least favourable 
one, from among those relating to each of the section‟s compressed parts. 
Alternatively, the classification of a cross-section may distinguish between the 
assignation of its web class and that of its compressed flanges, for the purposes set 
out explicitly in certain Sections of this Code. 

For slender sections of class 4, the reduction in their resistance capacity in 
ultimate limit states, as a result of local buckling, may be estimated using ideal effective 
sections in accordance with subsection 20.7. 

20.3. Criteria for assigning classes to unstiffened sections 

For cross-sections that do not have longitudinal stiffeners, the different parts, 
whether wholly or partially compressed, may be classified on the basis of the 
slenderness limit ratios contained in Tables 20.3.a to 20.3.c. 

In general, any compressed part that does not satisfy the limits for class 3 set out 
in those Tables must be assigned class 4. 

The plastic distribution of stresses shall initially be used to classify cross-
sections, except on the threshold between classes 3 and 4, which shall be established 
on the basis of the elastic analysis (or the elastic-plastic analysis with plastification in 
the tensioned area, as discussed below). 
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Table 20.3.a. Maximum slenderness for internal compression parts (flanges 
and webs) 

Bending 
axis 

Bending 
axis 

Class Part subject to 
bending 

Part subject to 
compression Part subject to bending and compression 

Stress 
distribution in 

parts 
(compression+) 

1 c/t≤72İ  c/t≤33İ  

where Χ>0.5: c/t≤ 

where Χ≤0.5: c/t≤ 

2 c/t≤83İ  c/t≤38İ  

where Χ>0.5: c/t≤ 

where Χ≤0.5: c/t≤ 

Stress 
distribution in 

parts 
(compression+) 

3 c/t≤124İ  c/t≤42İ  
where ψ>-1: c/t≤ 

where ψ≤-1 : c/t≤62 ε(1- ψ) 

y235/fε  )(N/mmf 2
y 235 275 355 420 460 

İ  1.00 0.92 0.81 0.75 0.71 

*)	 ψ ≤ -1 applies where the deformation in the compressed fibre is less than the deformation in 
the tensioned fibre, which may be partially plastified. In such case, ψ is the algebraic ratio 
between the plastic deformation in the tensioned fibre (> fy/E) and the elastic deformation in 
the compressed fibre (< fy/E). 
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Table 20.3.b 

Maximum slenderness for compression parts in outstand flanges 

Rolled sections Welded sections 

Class Part subject to 
compression 

Part subject to bending-compression 
Tip in compression Tip in tension 

Stress 
distribution in 

parts 
(compression+) 

1 c/t≤9İ  c/t≤ c/t 

2 c/t≤10İ  c/t≤ c/t 

Stress 
distribution in 

parts 
(compression+) 

3 c/t≤14İ  c/t≤21ε 

y235/fε  )(N/mmf 2
y 235 275 355 420 460 

ε 1.00 0.92 0.81 0.75 0.71 

The value of the local buckling factor kı  may be obtained from Tables 20.7.a and 
20.7.b. 
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Table 20.3.c. Maximum slenderness for compression parts in special cases 

Angles 

See also “outstand flanges” 
(Table 20.3.b) 

This does not apply to angles in 
continuous contact with other 

components 

Class Section in compression 
Stress distribution 

in parts 
(compression+) 

3 : 

Tubular sections 

Section in bending and/or compression 

1 250εd/t 

2 270εd/t 

3 290εd/t 

y235/fε 

)(N/mmf 2
y 235 275 355 420 460 

 1.00 0.92 0.81 0.75 0.71 


2 1.00 0.85 0.66 0.56 0.51 

The following situations may also be considered: 

a)	 compression parts shall be assigned to class 1 if their local buckling may 
effectively be prevented through connectors or other fixing components to a 
concrete slab or other stiff system. 

In such cases, the maximum distance between connector axes in the direction of 
compression shall not exceed: 

22 tf, , if the slab is in continuous contact with the part; 

15 tf 

y235/f

y235/f , if it is not. 

Furthermore, the maximum distance from the extreme of the part to the nearest 
connector line shall be less than: 

9 tf , where tf is the thickness of the compressed part; y235/f

b) With the exception of bridges or components of particular relevance, cross-
sections with class 1 or 2 flanges and class 3 webs may be classified as effective 
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class 2 cross-section, replacing the compressed area of the web with two sub-
parts of dimension: 

, where tw is the thickness of the web. 

Both sub-parts shall be located adjacent to the compressed flange and the plastic 
neutral fibre of the new ideal effective cross-section (see Figure 20.3.a); 

1 compression 
2 traction 
3 neutral plastic fibre 
4 not considered 

Figure 20.3.a. Class 3 web equivalent to a class 2 web where the flanges are of class 1 
or 2 

c)	 For cross-sections of class 3 or 4 that are asymmetrical in relation to the neutral 
bending fibre, and where plastification first occurs in the tensioned area of the 
cross-section, it may be permitted, in order to assign both the web class (see 
Table 20.3.a) and the ultimate resistance moment of the section, the plastic 
analysis of the tensioned fibres of the section (see Figure 20.3.b). 

The maximum tensile deformation shall be limited to 6 İy, where İ y is the yield 
strength of the steel. Continuous elements must also satisfy the ductility 
requirements set out in subsection 20.5; 

COMPRESSION 

e.g. 
compressed 

flange 
neutral axis of the 
transformed section 

TRACTION Transformed section Deformation Diagram of stress in the 
diagram web and drawn flange 

Class 3 Class 4 
Figure 20.3.b. Elastic-plastic response to tension in class 3 or 4 webs 
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d) Except in the case of ultimate limit state checking on components that are 
susceptible to instability problems, which are discussed in Section 35, cross-
sections of class 4 may be regarded as sections of class 3 where they are 
required for design stresses that are lower than the effective design yield strength 
of the steel, and the slenderness of the wholly or partially compressed parts is 
lower than the limit values given in Tables 20.3.a to 20.3.c, but adopting a 
corrected value of ε‟ such that: 

ε
ζ
/γf

εε'
Edc,

M0y
 , where: 

fy	 yield strength of the steel, in N/mm2; 

ı c,Ed,	 maximum design compression stress acting on the part to be 
classified, obtained on the basis of a first-order global analysis or, 
where relevant, a second-order global analysis, for the design 
hypothesis being considered; 

e)	 tubular sections of class 4, the analysis of which must be approached using 
laminate theory, do not fall within the scope of this Code. 

20.4.	 Criteria for assigning classes to sections with longitudinal 
stiffeners 

Compressed parts that have longitudinal stiffeners shall be classified as class 4. 

Alternatively, the section may be classified in accordance with subsection 20.3 
without taking into account the presence of such stiffeners. 

20.5.	 Cross-sections requirements for plastic global analysis 

Using a plastic global analysis means that adequate rotation capacity must be 
ensured at the plastic hinge location. 

In general, rotation requirements may differ depending on the location of the 
plastic hinge and the load hypothesis being considered. 

The rotation requirements for the plastic design of a structure may be assumed if 
the conditions set out below are met for all members where plastic hinges form, or are 
likely to form, under the different design hypotheses that are to be considered. 

In a uniform member, the following two requirements are satisfied: 

–		 cross-sections at the plastic hinge location shall be of class 1; 

–		 in hinges located on supports or under the action of local transverse forces 
that exceeds 10 % of the plastic shear resistance of the cross-section, 
transverse web stiffeners shall be provided within a distance from the hinge 
location not exceeding half of the height of the cross-section. 

Where the cross-section of the member vary along their length, the following 
additional criteria should be satisfied: 
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–		 the web thickness should not be effective for a distance each way along the 
member from the plastic hinge location of at least double the clear depth of the 
web; 

–		 the compression flange should be class 1 for a distance each way along the 
member from the plastic hinge location of not less than double the clear depth 
of the web at the hinge section, and wherever the bending moment in the 
section is greater than 80 % of the hinge's plastic resistance moment; 

–		 elsewhere in the member, the compression flange should be class 1 or 2, and 
the web should be class 1, 2 or 3. 

The geometry and connections of steel members must also ensure resistance to 
lateral buckling. They shall also ensure lateral restraint on compression flanges in the 
plastic hinge sections. 

If the plastic hinge is located in a jointed section, the joint must have adequate 
ductility to ensure the required hinge rotation or, alternatively, be designed with 
sufficient resistance to ensure that the plastic hinge develops in the member outside 
the joint. The resistance and ductility requirements for joints are discussed in Section 
57. 

20.6. Cross-section requirements for elastic global analysis 

An elastic global analysis usually always applies, irrespective of the class of the 
cross-sections in the members of the structure, without any other restrictions than the 
subsequent resistance checks, according to their class. 

20.7. Properties of the effective section in slender cross-sections 

In general, the properties of the effective section in cross-sections of class 4 
(slender) are obtained by defining certain effective widths in the compressed areas of 
the parts, in accordance with the criteria set out in Table 20.7.a for internal 
compression web parts and in Table 20.7.b for flange parts with a free edge. 

The reduction factor ρ of the compression part width may be estimated according 
to the following expressions: 

0.1
λ

ψ)0.055(3λρ 2
p

p



 , for internal compression part; 

0.1
λ

0.188λρ 2
p

p



 , for parts with a free edge, 

where: 

ζcr

y

cr

y
p

k28.4ε
/tb

ε
ε

ζ
f

λ  , and: 

ψ ratio between deformations at the extremities of the parts, in accordance 
with Tables 20.7.a and 20.7.b; 
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ı cr ideal critical stress for local buckling: 

, with 

2

222

22

E
b

t190000
b)υ12(1

Etπζ

















 , in N/mm2 

ν Poisson‟s ratio of the steel; 

t part thickness; 

İcr ideal critical deformation for panel local buckling: 
2

ζcr b
t0.9kε 









kı  part local buckling factor, obtained from Tables 20.7.a and 20.7.b; 

b part width, obtained in accordance with the figures in Tables 20.3.a, 
20.3.b and 20.3.c. 

In slender sections with stiffened webs or flanges (Figure 20.7.a), the stiffened 
part may be treated as a set of sub- part of width b, delimited by the longitudinal 
stiffeners, thus obtaining the effective width of each sub- part in accordance with the 
criteria set out above, and depending on the ratio between the deformations on its 
edges. 

compressed 
flange 

neutral axis of 
the gross 
section 

neutral axis of the 
effective-flange 
section neutral axis of the 

effective section 

tensioned flange 

GROSS SECTION EFFECTIVE-FLANGE EFFECTIVE 
SECTION SECTION 

Figure 20.7.a. Effective section in stiffened slender sections 
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Table 20.7.a. Reduction factor ρ (internal parts) 

INTERNAL PARTS FOR FLANGES AND WEBS 

STRAINS EFFECTIVE WIDTH br 

1 > 0 (compression) 

0ψ
0.6bb
0.4bb
ρbb

rr2

rr1

r









1

2
ε
εψ  1 0ψ1  0 1ψ0  1 5ψ1 

k
1α  4.0 

ψ1.05
8.2


7.81 

23.9 2ψ)5.98(1
1α 

k = local buckling factor 
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Table 20.7.b. Reduction factor ρ (parts with a free edge) 

INTERNAL PARTS FOR FLANGES AND WEBS 

STRAINS EFFECTIVE WIDTH br 

1 > 0 (compression) 

FR
EE

 E
D

G
E

FR
EE

 E
D

G
E 

1

2




  1 1 01  0 10  1

k 0.43 1.70 23.8 

1 ≤ 0 (TENSION) 

FR
EE

 E
D

G
E 

cr ρbb 

for 

k = local buckling factor 
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The effective widths for compression flanges may usually be obtained from the 
geometry of the gross cross-section. However, in order to obtain the effective widths of 
the webs, the deformation plane ψ must be used. This is obtained from the effective 
area of the compression flange parts. It is not usually necessary to repeat the process, 
and the gross dimensions of the web may be used to calculate ψ (see Figure 20.7.b). 

compressed flange 

neutral axis of the 
neutral axis of the gross section 

effective-flange 
section 

neutral axis of the 
effective section 

tensioned flange 

GROSS SECTION EFFECTIVE- EFFECTIVE 
FLANGE SECTION 
SECTION 

Figure 20.7.b. Definition of the effective section 

The neutral fibre of the effective section will usually experience a displacement of 
eN value in relation to the neutral fibre of the gross section (see Figures 20.7.c and d). 
Such displacement must be taken into account in order to obtain the static parameters 
(Ief and Wef) of the effective section. 

Gross section Reduced section 

G centre of gravity of the gross section 
G’ centre of gravity of the reduced section 
1 neutral fibre of the gross section 
2 neutral fibre of the reduced section 
3 ineffective areas 

Figure 20.7.c. Reduced section under axial force 
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Gross section Effective section 

G centre of gravity of the gross section 
G’ centre of gravity of the effective section 
1 neutral fibre of the gross section 
2 neutral fibre of the effective section 
3 ineffective areas 

Figure 20.7.d. Effective section under bending 

When cross-sections of class 4 are stressed by an axial force acting on the 
centre of gravity of the gross section, the effect of displacement of the neutral fibre 
between the effective section and the gross section must be considered, in order to 
obtain the increase in bending forces on the neutral fibre of the effective section. In 
order to avoid iterative processes, such additional moment may be approximately 
estimated using the displacement eN of the neutral fibre of the effective section, 
assuming that it is subjected only to a centred compression (Figure 20.7.c): 

Δ M = N eN 

Apart from checks on the ultimate limit states of steel members that are liable to 
instability problems, which are discussed in subsections 35.1, 35.2 and 35.3, the 
effective widths of the compressed parts of cross-sections in class 4 may be estimated 
more precisely using a value of , calculated form the values of the maximum stress 
or deformation in the compressed part. These values are obtained using the effective 
widths of all fully or partially compressed parts in the section: 

p
M0y

Edc,
p

M0y

Edc,
predp, λ

/γε
ε

λ
/γf

ζ
λλ 

where: 
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ı c,Ed	 maximum design compression stress that loads this part, 
obtained from the static parameters of the effective section for 
the load hypothesis being considered; 

İc,Ed = ı c,Ed/E	 maximum design compression deformation, estimated in the 
same way. 

This procedure requires an iterative calculation in which both the values for ı c,Ed 
and İc,Ed and the ratio between the deformations at the extremities of the part ψ, and 
the effective widths for the various parts and sub-parts, are obtained at each stage 
from the stress and deformations laws of the total effective section calculated in the 
previous iteration. 

Section 21. Consideration of the effects of shear lag 

21.1. Bases 

The content of this Section does not apply to rolled sections or trussed sections 
with reduced-dimension flanges. 

The diffusion of the shear force from the edges of contact between webs and 
flanges, compressed or tensioned ,in linear members with open or closed sections, 
leads to non-linear distribution of the direct stresses in the flange panels of such 
sections (see subsection 21.3.5). 

It may be assumed for practical purposes, when checking sections and 
estimating the bending stiffness incorporated into the global models for the structural 
analysis, that direct stresses are distributed uniformly at a certain effective width of the 
flange, which is known as the effective width. 

The effective width depends on the member type (isostatic or continuous), the 
action type (local or distributed), the length of the member between points of zero 
bending moment, the presence of stiffeners in the flanges, the span of flanges with free 
edges, and finally the number of webs in the section and the distance between those 
webs. 

The effective width varies throughout the member‟s directrix. It may also vary 
depending on the materials‟ plastification state or possible local buckling in the 
compressed flange parts, which is different in serviceability and failure situations. 

The effects of shear lag may be neglected when: 

b0 ≤ L / n 

where: 

b0	 flange outstand (b1), for external semi-flanges, or half the width of an 
internal element (b), for internal semi-flanges (see Figure 21.3.a); 

L	 span of isostatic members or approximate length between adjacent 
points of zero bending moment in continuous members (see subsection 
21.3.1); 

n=	 20 for conventional building members; 
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50	 for bridges or one-off building members with slender sections or 
where the stress or deformation control requires great precision; 

20	 for ultimate limit state checks on sections of class 1 or 2 (see 
Section 20), in all cases. 

21.2.	 Effective width depending on analysis type 

The effects of shear lag need only be considered for the global analysis of the 
structure when their impact is significant, for example: 

–		 where there are significant reductions in the effective width of flanges; 

–		 where the Designer feels that great precision is needed for the stress or 
deformation checks; 

–		 in lattice, arched or stay bridges; 

–		 in deformation checks on assemblies of cantilevered parts with significant 
lengths between webs. 

It is not necessary to consider the effects of shear lag in the global analysis for 
structures composed of double T sections or beams, mainly in building. 

In all cases, and unless greater precision is required, a uniform effective width 
may be assumed over the length of the span for the structural analysis, using the 
effective width corresponding to the centre of span section, as defined in subsection 
21.3. 

Where the limits in subsection 21.1 are exceeded, the effects of shear lag should 
be considered using the effective widths defined in subsections 21.3 and 21.4 at 
serviceability and fatigue limit state verifications, and those defined in subsection 21.5 
for ultimate limit state verification. 

The elastic distribution of direct stresses due to the diffusion of patch loading in 
the web applied at the flange level may be estimated in accordance with subsection 
21.6. 

21.3.	 Effective widths of unstiffened flanges for serviceability and fatigue 
limit states 

The effects of shear lag on the elastic phase may be estimated using an effective 
flange width obtained by (see Figure 21.3.a): 

be = ψel b, for internal flanges; 

b1e = ψel b1, for outstand flanges, 

where ψel (≤ 1) are the reduction factors specified below. 
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Figure 21.3.a. Effective widths for open and closed sections 

The distribution of effective widths throughout a continuous beam may be 
assumed in accordance with the diagram in Figure 21.3.b. 

Figure 21.3.b. Distribution of effective widths for continuous beams 

21.3.1. Effective lengths 

In order to estimate ψel, an effective length L may be used, where L is the 
distance between points of zero bending moment. To put it simply, the approximate 
effective lengths given in Figure 21.3.1 may be used for continuous beams provided 
adjacent spans do not differ more than 50% and any cantilever span is not larger than 
half the adjacent span. 
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12L l    )(25.0L 32 ll     

270.0L l    385.0L l     

for	 for el,2ψ el,2ψ

for	 for and el,1ψ el,1ψ el,4ψ

Figure 21.3.1. Effective lengths for continuous beams 

21.3.2. Elastic ψel factors. Uniformly-distributed loads in continuous beams 
with compensated spans 

The elastic reduction factors for effective flange width, ψel, use the following 
values, depending on the parameter β= b0/L (where b0 is defined in subsection 21.1): 

–		 in all cases:
 

ψel,i = 1 β ≤ 0.02
	

–		 in the centre of isostatic or continuous spans (positive bending):
 

ψel,1 = 1 β ≤ 0.05
	

2el,1 6.4β1
1ψ


 0.05 < β < 0.70 

5.9β
1ψel,1  0.70 ≤ β 

–		 in areas around the supports for continuous beams or cantilevers (negative 
bending): 

2
el,2

1.6β
2500β

1β6.01

1ψ











 0.02 < β < 0.70 

0.70 ≤ β 

8.6β

1ψel,2 
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–		 at extreme spans of continuous beams (positive bending):
 

ψel,4 = (0.55 + 0.025 / β) ψel,1 ≤ ψel,1
 

–		 in cantilevered areas (negative bending): 

ψel,5 = ψel,2 

The expressions above are assumed to apply to uniform loadings (parabolic laws 
of bending moment). 

21.3.3. Elastic ψel factors. Special cases 

The existence of significant concentrated or local loads may reduce the effective 
width significantly in relation to that obtained where there are only uniformly-distributed 
loads. 

In central span areas subjected to local loads (linear laws of bending moment), 
the reduction factor is expressed as follows: 

–		 if the concentrated load is applied at L/2: 

0.02 < β ≤ 0.05 

2el,3 3.2β4.0β1
1ψ


 0.05 ≤ β 

–		 if the concentrated load is applied at x < L/2: 

ψel,3 = 0.33 (2 ψel,3 (β*x) + ψel,3 (β*L-x)) , where: 

ψel,3 (β*x) the value of ψel,3 obtained for a β*x = 0.5 b0/x; 

ψel,3 (β*L-x) the value of ψel,3 obtained for a β*L-x = 0.5 b0 / (L-x); 

–		 for cantilevers subjected to concentrated loads at their extremes, the following 
may also be used: 

ψel,5 = ψel,2 

The ψel factors in subsection 21.3.2 may be used where bending is mainly due to 
uniform loading and the members are isostatic or continuous and fulfil the geometric 
span limits in subsection 21.3.1. 

Where the effect of concentrated or local loads is sufficiently significant in relation 
to that of distributed loads and overloads, or where the conditions for using the 
effective lengths L given in Figure 21.3.1 are not met, a single global reduction factor 
may be used for the section, obtained by the following expression: 
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where: 

iel,

i

i
el

ψ
M Σ

M Σψ 

Mi	 bending moment in the section for the isolated load „i‟, with its 
corresponding algebraic sign; 

Σ Mi	 total bending moment loading the section; 

ψel, I	 reduction factor for the effective width corresponding to the isolated load 'i', 
and obtained using the approximate expressions defined above. Effective 
length Li is the distance between points of zero bending moment for the 
load „i‟. 

21.3.4. Members under combined local and global loads 

Certain structural members are loaded by a combination of the effects of local 
bending that result from the action of the direct loads that act on them, and the effects, 
usually axial forces, of the member‟s involvement in the global response of the 
structure. 

For example, this is the case for the upper chords in lattice structures, in decks of 
stay systems, stay in lower deck arches, etc. 

The structural analysis (local and global) and section resistance checks shall 
consider the different effective widths of such members in order to reflect adequately 
the effects of local bending under direct loads and the diffusion on its plane of axial 
loads from the overall work. 

21.3.5. Approximate distribution of direct stresses in flanges 

Once ψel has been found for a section, the transverse distribution of direct 
stresses over the width of the flange may be estimated in a suitably approximate way, 
as shown in Figure 21.3.5. 

Figure 21.3.5. Approximate law of direct stresses in flanges 
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- If ψel > 0.20:
 

ı min = ı max (1.25 ψel – 0.25);
 

ı x = ı min + (ı max -ı min) (1 - y/b0)4; 

- If ψel ≤ 0.20:
	

ı x = 0 for y ≥ 5 ψel b0; 


ı x = ı max (1-y / (5 ψel b0))4 for y < 5 ψel b0. 

21.4. Effective widths of stiffened flanges for serviceability and fatigue 
limit states 

The presence of stiffeners in flanges on steel beams or box girders (Figure 21.4) 
increases the effects of shear lag, reducing the effective widths that are to be 
considered, which may be estimated in a similar way to unstiffened flanges: 

Figure 21.4. Effective widths on stiffened flanges. 

be = ψ'el b, for internal flanges; 

b1e = ψ'el b1, for outstand flanges. 

The reduction factors ψ'el are obtained using the expressions set out in the 
preceding subsection, but replacing the parameter β with: 

β‟ = Χ β = Χ b0/L 

where: 

tb
A1α

0

sl

b0 = b for internal, stiffened flanges;
 

b0 = b1 for outstand, stiffened flanges;
 

Asl = area of longitudinal stiffeners situated within the flange width b0; 


t = flange thickness.
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21.5. Effective width of flanges in ultimate limit states 

The effects of shear lag on steel section resistance checks may be estimated 
conservatively using the same elastic reduction factors for the effective flange width, 
ψel, defined in subsections 21.3 and 21.4. Alternatively, more precise criteria may be 
applied as follows: 

Where the resistance checks for ultimate limit states consider plastified flanges, 
the reduction factors for effective flange width in the elastic-plastic range, ψult, apply 
more favourable values than these ψel values. 

This may be assumed for tensioned flanges and compressed flanges in cross-
sections of class 1 or 2, in accordance with Section 20. 

for unstiffened flanges; 

for tensioned flanges with longitudinal stiffeners. 

For slender cross-sections of class 4, it is necessary to consider the effects of 
shear lag and the local buckling of compressed parts together when checking ultimate 
limit state. A reduced effective area for compressed flanges, Aef, must therefore be 
used, and it is estimated using the expression: 

Aef = Ac, ef ψult where: 

Ac,ef area of the effective section of the compressed slender flange, with or 
without stiffeners, related to local buckling (see Section 20); 

ψult reduction factor for the effective width of the compressed flange, related 
to shear lag, estimated in the elastic range using the expressions for ψel 
(see subsections 21.3 and 21.4), but replacing the parameter β with: 

β‟ = Χβ = Χ b0/L, where: 

tb
A

α
0

efc,


For compressed flanges of class 3 (see Section 20), where there are practically 
no signs of local buckling or deformation outside the elastic range, the following shall 
be used for checking ultimate limit state: 

ψult = ψel 

21.6. Effective width for local loads applied in the web plane 

The application of local loads in the web plane of a section through the flange 
cover plate causes a distribution of direct stresses in the transverse direction of the 
member‟s directrix, and the elastic diffusion over that web plane obeys a non-linear law 
(see Figure 21.6) which may be calculated approximately using the following 
expression: 

where: 
)a(tb

Fζ
stwe

Ed
Edz,
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ı z,Ed design value of direct stress in the transverse direction to the directrix at 
the point of the web that is under consideration; 

FEd	 design value of the transverse force applied; 

tw	 web thickness; 

ast	 area of the gross cross-section, per unit of length, of any transverse 
stiffeners situated in the area immediately affected by the load under the 
cover plate, assuming diffusion at 45º through its thickness. The value of 
the area of a stiffener divided by the distance between stiffener axes is 
used. 

The effective width, be, is obtained using the following expression: 

2

e
ee ns

z1sb 












 where: 

w

st

t
a 0.878

10.636n 

se = ss + 2 tf where: 


tf flange thickness;
 

ss length of the area where the local load is applied to the flange cover plate;
 

se length of the diffusion area of the local load in the contact section flange-
web, assuming load diffusion of 45º in the flange cover plate; 

z	 transverse distance between the section studied and the contact section 
flange-web, next to the load application area (see Figure 21.6). 

transverse stiffeners 

approximate distribution 

actual distribution 
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Figure 21.6. Diffusion of local loads on the web plane 

Section 22. Consideration of imperfections 

22.1. Bases 

The second-order analysis of structures the response of which is sensitive to 
deformation of their initial geometry must take sufficient account of the effects of 
residual stresses on the steel's non-linear response, as well as inevitable geometric 
imperfections such as lack of verticality, straightness, flatness or fit and eccentricity of 
joints, and other execution and assembly tolerances. 

These effects may usually be incorporated into the structural analyses by using 
certain equivalent geometric imperfections. 

The effects of imperfections must be considered in the following cases: 

a)	 the effect of imperfections on the global analysis of the structure; 

b)	 the effect of imperfections on the analysis of lateral bracing systems for bending or 
compressed members; 

c)	 the effect of imperfections on the local analysis for individual members. 

Imperfections must be included in the structural analyses for ultimate limit state 
checks wherever they have a significant effect. It is not usually necessary to consider 
them for checking serviceability limit state. 

22.2. Application method 

The effects of equivalent geometric imperfections, which are defined in 
subsection 22.3, must be included in the global analysis of translational structures that 
are susceptible to lateral instability phenomenon (Sections 23 and 24). The forces 
resulting from the analysis must be considered in subsequent resistance checks on the 
structure's various members. 

In the case of braced structures (see subsection 23.3), the equivalent geometric 
imperfections defined in subsection 22.3 are also used to check the resistance of 
stabilisation systems for lateral bracing (cores, diaphragm walls, lattices, etc.), in 
accordance with subsection 23.4. 

The effects of the imperfections set out in subsection 22.4 shall also be 
incorporated into the structural analysis for any lateral bracing systems for bending or 
compressed members. The forces resulting from the analysis shall be taken into 
account when designing such bracing systems. 

In the case of resistance checking for individual members that are sensitive to 
instability, using the methods or formulae in subsections 35.1, 35.2 and 35.3 of this 
Code, the effects of equivalent geometric imperfections in individual members are 
already implicitly included in such checks. 

According to subsection 22.5, in the case of unconventional individual members 
the resistance checking for which is not explicitly covered by the methods set out in 
Section 35, and in the case of global instability of structures mentioned in subsection 
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22.3.2, the local geometric imperfections of the individual members set out in 
subsections 22.3.2 and 22.3.5 must be incorporated into the second-order analysis of 
such members or structures, respectively. 

If so desired, equivalent geometric imperfections may be replaced by equivalent 
forces transversal to the directrix of the compressed members, in accordance with 
subsections 22.3.3 and 22.4.1. 

22.3. Imperfections in the global analysis of the structure 

Equivalent geometric imperfections must be included in the global analysis of all 
structures for which second-order effects cannot be discounted. Section 23 set out the 
conditions of non-translational for structures that allow such effects not to be 
considered. 

The geometry of the design model is the result of incorporating equivalent 
geometric imperfections into the ideal, theoretical geometry in such a way as to 
produce the most unfavourable effects. 

The imperfections to be considered may therefore be obtained from the modes of 
global buckling of the structure in the plane of buckling considered. 

It is usually necessary to examine the possibility of structural buckling on and 
outside its plane, but not at the same time (Figure 22.3). 

In some structures with low global torsional stiffness, it will also be necessary to 
consider the possibility of generalised torsional anti-symmetric buckling, by applying 
imperfections at opposite direction at the two opposite faces of the structure (Figure 
22.3). 

Figure 22.3. Possible forms of structural instability, due to translational or torsional 
effects 

The effect of imperfections on the global analysis of translational structures is the 
sum of a global verticality defect in the structure and some initial curvatures in all its 
compressed members, as a second-degree parabola. 

If so desired, geometric imperfections may be replaced by a self-balancing 
system of equivalent transverse forces, in accordance with subsection 22.3.3. 
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In general, any instability under symmetrical and asymmetrical buckling modes 
must always be analysed, as well as instability in each combination of actions in which 
the lowest load amplification factor that produces elastic instability in the system is 
obtained. 

22.3.1. Equivalent global sway imperfections 

An initial verticality defect shall be considered, such as (see Figure 22.3.1):
 

 = kh • km • 0 where: 


0 basic value of lateral imperfection: 0 = 1/200;
 

kh reduction factor for height „h‟ (in metres) of the structure:
	

h
2kh  with 1.0k

3
2

h 
; 

km	 reduction factor for the number of alignments, „m‟, for compressed 
members (bridge piles or columns in buildings) on the buckling plane being 
considered: 











m
km

115.0

The expression of „m‟ only accounts for members loaded by compression with a 
design value, NEd, equal to or greater than 50 % of the mean compression per member, 
for the buckling plane and combination of actions considered. 

In principle, „m‟ need only take account of compressed members that extend 
throughout the total height „h‟ of the structure used to obtain kh. 

For building frames, sway imperfections may be disregarded for a certain 
combination of actions, where: 

HEd ≥ 0.15 VEd where: 

HEd	 design value of the result of the total horizontal actions at the base of the 
building, corresponding to the combination of actions considered; 

VEd	 design value of the result of the total vertical actions at the base of the 
building, for that combination of actions. 

The structural effects caused by equivalent global sway imperfections are less 
significant than those caused by horizontal actions that act on the structure. 
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Figure 22.3.1. Global sway imperfections 

22.3.2. Equivalent initial curvatures in compressed members 

In addition to the initial global verticality defect in the structure, and with the 
exception of the circumstances set out below, the effect on the global instability of 
translational structures of local imperfections of all compressed members must be 
considered where such members fulfil the following two conditions: 

a)	 at least one of the two nodes at the ends of the member may not be regarded as 
hinged; 

b)	 the non-dimensional slenderness of the member (see subsection 35.1.2) on the 
buckling plane that is considered, calculated as a double-hinged bar at its ends, is 
such that: 

where: Ed

y

N
fA

0.5λ




A	 area of the member‟s cross-section; 

NEd	 design value of the compression force in the member, for the combination 
of actions analysed. 

This condition is equivalent to the design compression axil of the member, NEd, 
being more than 25 % of its critical load according to Euler‟s formula, Ncr. 

In such cases, an equivalent initial bow may be used for the compressed 
members affected, as a second-degree parabola and maximum amplitude of member 
imperfection e0, such that: 
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Type of buckling curve 
(see subsection 35.1.2) 

Global analysis method for the structure 

Elastic global analysis Plastic global analysis 

e0 e0 

a0 L/350 L/300 

A L/300 L/250 

B L/250 L/200 

C L/200 L/150 

D L/150 L/100 

where L is the member length. 

If a more precise analysis is desired, the expressions set out in subsection 22.3.5 
may be used alternatively. 

22.3.3. Horizontal forces equivalent to imperfections 

The effects of global sway imperfections and initial bow imperfections on 
compressed members may be replaced by systems of equivalent, self-balanced, 
horizontal forces, proportionate to the vertical loads applied in the relevant combination 
of actions. This is estimated as follows for each member (see Figure 22.3.3): 

a)	 in the case of initial verticality defects in compressed members: 

Htd =  NEd 

b)	 in the case of initial bow in compressed members, where it is necessary to consider 
them in accordance with subsection 22.3.2: 

2
0Ed

td L
eN 8q 



L
eN 4H 0Ed

td




where L and NEd are respectively the length and the compression force design 
value of the member. 
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Figure 22.3.3. Horizontal forces equivalent to imperfections 

22.3.4. Imperfections for the global analysis of archs 

Unless the general method described in subsection 22.3.5 is used in the global 
instability analysis for arches under buckling on or outside their plane, the geometric 
imperfections defined below may be used. 

22.3.4.1. Buckling on the arc plane 

Form of equivalent geometric 
imperfections on the arch plane 

(parabola or sine function) 

Value of e0 for sections corresponding to 
the various buckling curves 

a b c d 

1 
Triple-hinged arch 
with symmetrical 

buckling 300
s

250
s

200
s

150
s

2 

Double-hinged, fixed-
ended or triple-hinged 
arch with antimetric 

buckling 600
1

500
1

400
1

300
1
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22.3.4.2. Buckling outside the arch plane 

Form of equivalent geometric 
imperfections outside the arch 

plane (parabola or sine 
function) 

Value of e0 for sections 
corresponding to the various 

buckling curves 

a b c d 

Triple-hinged arch 
Double-hinged arch 
Fixed-ended arch 300

l0
250
l0

200
l0

150
l0

l0 = l for l ≤ 20 m 

l0 = 120 for l ≤ 20 m 

22.3.5. Geometric imperfections relating to forms of buckling in complex 
structures 

As an alternative to the equivalent global and local geometric imperfections set 
out in subsections 22.3.1 and 22.3.2 respectively, a single system of initial geometric 
imperfections may be defined, similar to the shape of the elastic critical buckling mode 
of the structure, for the combination of actions and the buckling plane under 
consideration, and with an amplitude given by: 





























 "

maxcr,

Rk
2o"

maxcr,

cr
oo EIη

N
λ
1e

EIη
N

ee'

where: 

ηcr Shape of the elastic critical buckling mode of the structure, where 
EIη” cr,max is the bending moment at the critical cross-section due to ηcr. 

  γ
Rk

Rk
0 k 

N
M2.0λ αe 

where: 

1.0
λ χ1
 / γλ χ1k 2

Μ1
2

γ 





Χ	 imperfection factor for the relevant buckling curve for the critical 
cross-section, in accordance with Table 35.1.2.a; 

χ 	 reduction factor for the relevant buckling mode, in accordance with 
subsection 35.1.2; 
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 relative non-dimensional slenderness of the structure, obtained in 
accordance with the following; 

	 It is assumed that some forces are applied to the nodes of the 
structure, so all elements are loaded by design axial forces NEd, 
resulting from a first-order global analysis for the combination of 
actions considered. Bending moment at the elements may be 
disregarded. 

	 For that combination of actions, the critical elastic instability mode of 
the structure and the critical minimum amplifier coefficient αcr, are 
obtained for the above distribution of design axial forces NEd, when 
starting the elastic instability. 

	 In first-order analysis, it is also obtained the minimum amplifier 
coefficient αuk, of such distribution of design axial forces NEd, when 
the characteristic resistance NRk, is reached in the cross-section of 
the weakest element, without considering the buckling effects. 

	 the relative non-dimensional slenderness of the structure, for such 
combination of actions, is: 

cr

uk






MRk, NRk	 characteristic moment and axial resistance, respectively, of the 
critical cross-section, in accordance with subsections 34.3 and 34.4. 

The quotient 
Rk

Rk
N
M will thus be: 

A
Wpl for sections of class 1 or 2; 

for sections of class 3; 

for sections of class 4. 

A
W minel,

ef

minef,

A
W

22.4. Imperfections for analysis of bracing systems 

The effects of equivalent geometric imperfections must be included into the 
analysis of bracing systems which are required to provide lateral stability of bending or 
compressed members. 

An equivalent initial bow will be considered in the members that are to be 
stabilised, such that: 

e0 = km L/500 where: 

L span of the bracing system; 
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km reduction factor for the number of members to be considered, which may 
be estimated in accordance with the following: 











m
110.5k m where „m‟ is the number of members to be restrained by 

the bracing system under consideration. 

22.4.1. Equivalent transverse forces on the bracing 

For convenience, the effects of geometric imperfections deriving from the initial 
bow imperfections of the members that are to be restrained may be replaced by a 
system of equivalent forces of value (see Figures 22.4.1.a and 22.4.1.b): 

2
q0

ed L
δe

8ΣNq


 , where: 

į q in plane deflection of the bracing system, estimated on the basis of a first-
order elastic design under the action of forces „q‟ and of any external action 
that places a load on the bracing system. 

It is therefore necessary to use an iterative process. 

If a second-order analysis is used, į q may be taken as equal to zero, but 
such an analysis shall include all the forces that load the stabilising system; 

NEd maximum value of axial force loading each member that is to be stabilised, 
and assumed to be uniform throughout the length L of the bracing system. 
For non-uniform forces, this hypothesis is slightly conservative. 

Initial bow Equivalent stabilising forces 

Figure 22.4.1.a. Imperfections in the bracing system 
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Figure 22.4.1.b. Equivalent forces, including external action 

Where a bracing system restrains bending or compressed members that are 
spliced and does not transmit bending moment, it must also be verified that the bracing 
system is capable of resisting a local transverse force equal to km NEd/100, transmitted 
by each compressed member in the joint section, and of transmitting it to the bracing 
points adjacent to that member (see Figure 22.4.1.c). In such a case, any external 
loads acting on the bracing systems shall also be included, but any such forces arising 
from the imperfections defined above are not to be added. 

Φ=km Φ0 Φ0=1/200 

2ΦNEd = km NEd/ 100 

1. Splice. 

2. Bracing system. 

Figure 22.4.1.c. Local forces on the bracing system for members with a continuous 
join. 
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Each member of lateral support and connections to the bracing system must also 
be capable of resisting a force equal to km ΣNed/100 of the members that are to be 
restrained. 

22.5. Imperfections in the local analysis of individual members 

The effects of local imperfections in individual compressed or bending members 
are usually considered implicitly in the formulae for verifying instability limit states in 
Section 35. 

Alternatively, or in cases where such formulae do not apply (for example, in 
certain non-uniform section members, or those that have variable compression levels 
throughout their length, or in the presence of transverse loads or complex connection 
conditions at the ends, etc), the resistance of compressed or bending members to 
instability, either on its plane or laterally, may be justified by a second-order analysis 
using certain local initial imperfections, as equivalent parabolic curvatures with the 
maximum amplitude defined in subsection 22.3.2 or, in order to be more precise, in 
subsection 22.3.5. 

In the second-order analysis of lateral buckling problems on bending members, a 
value of 0.5 e0 may be used for sway imperfection, where e0 is the amplitude of the 
equivalent initial imperfection for buckling on a plane perpendicular to bending plane 
(usually in relation to the section‟s axis of smaller inertia). It is not usually necessary to 
incorporate an additional torsional imperfection. 

Section 23. Lateral stability of structures 

23.1. Lateral stiffness 

The influence of second-order effects on the resistance of a structure basically 
depends on its lateral stiffness. 

The lateral stiffness of a structure is usually ensured by means of: 

a) its own stiffness for systems with rigid nodes; 

b) lateral, triangular bracing systems; 

c) lateral bracing systems using diaphragm walls or rigid cores; 

d) a combination of the aforementioned structural schemes. 

When designing semi-rigid joints (see subsection 57.4) between structural 
members, their moment-rotation diagrams (see subsection 57.2) must be taken into 
account when evaluating lateral stiffness. 

Foundations must usually be designed so that the effects of lateral displacement 
and rotation at the base are discounted. 

For asymmetrical structures in plan, the effects of interaction between torsion and 
bending must be considered when checking lateral stability. 

Lateral stability must be ensured both for the structure in service and during its 
various phases of construction. 
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23.2. Classification of non-translational and translational structures 

A structure may be classified as non-translational when its lateral stiffness allows 
disregarding the influence of second-order effects on its resistance. The global analysis 
of non-translational structures may be performed in accordance with the theory for the 
first-order analysis. 

A structure may be regarded as non-translational related to a given mode of 
lateral instability and a determined combination of actions, if it fulfils the following 
criterion: 

where an elastic global analysis is performed; 10
Ed

cr
cr F

F


where a plastic or elastic-plastic global analysis is 15
Ed

cr
cr F

F


performed, 

where: 

Fcr	 critical elastic instability load for the mode of global buckling considered, 
under the combination of actions to be considered; 

FEd	 design load that acts on the structure for the said combination of actions; 

Χcr	 amplification factor for which the configuration of design loads must be 
multiplied to cause elastic lateral instability, in accordance with the mode 
of global buckling under consideration. 

All load combinations for which Χcr does not satisfy this non-translational criterion 
must be analysed. 

23.2.1. Non-translational criterion for conventional building structures 

A structure may be classified as non-translational when its lateral stiffness allows 
disregarding the influence of second-order effects of the forces or on its global 
structural performance. The global analysis of non-translational structures may be 
performed in accordance with the theory for the first-order analysis. Second-order 
effects must only be considered for resistance checks on individual compressed 
members, in accordance with subsection 22.5 and Section 35. 

In simple frames with flat-cover or gently sloping lintels, as well as in flat building 
frames, with rigid nodes, the non-translational criterion in subsection 23.2 may be 
assumed to be met if, on each storey and for the combination of actions under 
consideration, the criterion is met for: 
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 where: 

FH,Ed	 design value of the horizontal force, estimated at the lower level of each 
storey, and resulting from the horizontal loads that act above that level, 
including the effects of the imperfections given in Section 22; 
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Fv,Ed	 design value of the vertical force, estimated at the lower level of each 
storey, and resulting from the vertical loads that act above that level; 

hp	 height of the storey under consideration; 

į H,Ed	 relative horizontal displacement between the upper and lower levels of 
the storey under consideration, under the action of external, horizontal 
and vertical design actions and transverse forces equivalent to the 
imperfections set out in Section 22, for the combination of actions 
considered. 

23.3. Classification of braced and unbraced structures 

A structure may be classified as braced when its lateral stiffness is ensured by 
means of a brace stabilising system that allows the influence of second-order effects 
on its structural response to be discounted. The global analysis may therefore be 
performed in accordance with the theory for the first-order analysis. 

In order for the structure to be considered braced, the stiffness of the brace 
system must be verified using the non-translational criteria set out in subsection 23.2, 
applied to the whole of the structure that is to be classified, including the brace system 
to which it is connected. 

The brace system must also satisfy the requirements set out in subsection 23.4. 

23.4. Analysis of brace systems 

The brace system must be designed to withstand: 

–		 the effects of the imperfections set out in Section 22, both for the brace system 
itself and for all the structures that it braces; 

–		 all horizontal forces that may load the structures that it braces; 

–		 all horizontal and vertical forces that act directly on the brace system. 

All these actions together might be assured to load just the brace system, without 
having a significant impact on the response of the structures that the system braces. 

Section 24.	 Methods for analysing global stability of 
structures 

24.1. Basic principles 

In all structures without sufficient lateral stiffness to be considered non-
translational or braced in accordance with the criteria set out in subsections 23.2 and 
23.3 respectively, their global lateral stability must be checked in accordance with the 
methods described in this Section, which consider the second-order effects as well as 
the equivalent geometric imperfections defined in Section 22. 

Depending on the structure type and method for the global analysis to be 
performed, the second-order effects and equivalent geometric imperfections may be 
considered according to one of the following methods: 
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a)	 through a global translational analysis that includes all such effects, i.e. the 
equivalent global sway imperfections of the translational structure as defined in 
subsection 22.3.1, and the equivalent initial bow for imperfections of the individual 
compressed members defined in subsection 22.3.2. In both cases, the equivalent 
transverse forces set out in subsection 22.3.3 may be used alternatively. For 
complex structures, it is worth using a single system of geometric imperfections 
similar to the modes of buckling, in accordance with subsection 22.3.5; 

b)	 through a global translational analysis of the structure that only considers, apart 
from the items mentioned in subsection 22.3.2, the effects of equivalent global 
sway imperfections, followed by a check on the effects of instability on individual 
compressed members. 

Subsection 22.3.2 sets out the conditions under which the global mobility analysis 
must also incorporate equivalent imperfections for linear bows in certain 
compressed members; 

c)	 in certain basic cases discussed in subsection 35.1 and Annex 5, it may be 
sufficient to verify the stability on individual compressed members in accordance 
with Section 35, using appropriate „buckling lengths‟ (see subsection 35.1 and 
Annex 5), based on the structure‟s global instability mode and using the loads 
obtained according to the first-order theory, without considering the equivalent 
geometric imperfections. 

If method a) is used, it is sufficient to verify the stability of individual compressed 
members using the structure's second-order global analysis, and no additional 
verification is needed for the resistance check on the various sections under the forces 
resulting from the design. 

If method b) is used, the stability of the individual compressed members must 
subsequently be checked, including second-order effects and local imperfections in 
such members that are not previously considered in the second-order global analysis 
of the structure (for example, buckling due to combined bending and compression or 
lateral buckling of the member). 

The methods set out in subsection 35.3 may therefore be used where applicable, 
otherwise the more general methods in subsection 22.5 may be used, assuming that 
the individual member and its buckling length (less than or equal to the distance 
between adjacent points with transverse displacement prevented) are subjected to 
bending and compression loads at the extremities of the member, these being obtained 
from the global translational analysis. In general, such individual members may also be 
analysed, with their actual lengths, using the general non-linear elastic-plastic method 
discussed in subsection 24.4, and subjected to the aforementioned loads at both ends. 

Methods a) and b) require second-order effects under the external loads and 
equivalent effects of the imperfections to be taken into account using an adequate 
structural analysis: 

–		 general, elastic-plastic, non-linear analysis method using the second-order 
theory, in accordance with subsection 24.4; 

–		 elastic methods using the second-order theory; 

–		 where applicable (see subsection 24.2), using an approximate method 
consisting of performing a first-order elastic analysis, followed by amplification 
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of the results of that analysis (bending forces, shearing forces and lateral 
displacement, for example) using adequate factors in accordance with 
subsection 24.2; 

–		 in certain specific cases relating to building structures, as discussed in 
subsection 24.3, elastic methods may be applied to frames with suitably local 
plastic hinges, giving due consideration to the reduction in the structure‟s lateral 
stiffness owing to the presence of such plastic hinges. 

If non-linear analysis methods are used, the principle of superposition shall not 
apply. Independent checks must therefore be carried out on all combinations of actions 
and associated modes of instability that may be relevant. 

24.2. Elastic analysis of translational structures 

Second-order elastic analyses under the action of external loads and equivalent 
geometric imperfections apply to all types of translational structure. 

Alternatively, it may be sufficient to perform a first-order elastic analysis within the 
scope given below and under the external actions and effects of equivalent initial 
geometric imperfections, and to amplify the bending moment, shearing forces and 
other effects caused strictly by lateral deformation by the following factor: 




















cr

11

1 where: Χcr ≥ 3.0 

Χcr	 amplification factor for which the configuration of design loads must be 
multiplied to achieve elastic instability, in accordance with the mode of 
global buckling under consideration, and as defined in subsection 23.2. 

This simplified method only applies to:  

a)	 building frames on a single storey; 

b)	 normal building frames with various storeys, provided that all the storeys have 
similar conditions in respect of: 

– vertical load distribution; 

– horizontal load distribution; and 

– lateral frame stiffness in relation to horizontal actions. 

The conditions relating to floor or roof lintels set out in subsection 23.2.1 shall 
also be met; 

c)	 bridges or other types of structure, or any members, where Χcr > 3.0 and it may 
be considered that the sections subjected to maximum bending in the first-order 
analysis (including the effects of imperfections) are basically the same as those 
that are amplified by the second-order effects (PΔ effects). 

In other cases, a general, second-order, elastic analysis method must be used. 
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24.3. Plastic analysis of translational structures 

In general, performing plastic analyses on translational structures is not-allowed, 
but in strictly defined cases under this paragraph, or where the general elastic-plastic 
method is applied using the second-order theory described in subsection 24.4 it may 
be allowed. 

A rigid-plastic analysis of a translational structure, which indirectly considers the 
second-order effects due to global lateral instability, is only permitted for building 
structures that meet the following conditions: 

–		 the cross-sections of members (lintels, supports) liable to develop a plastic 
hinge must satisfy the ductility requirements set out in subparagraph 20.5; 

–		 sections where plastic hinges form must be symmetrical and be suitably 
braced to withstand lateral buckling and buckling on the frame‟s perpendicular 
plane; 

–		 the amplification factor αcr (see subsection 23.2) shall be greater than or equal 
to 5.0; 

–		 even if the preceding limitations are fulfilled, the analysis is still restricted to 
the following conventional building structures: 

a)	 orthogonal frames of one or two storeys where one of the following two 
conditions is met: 

–		 plastic hinges may not develop in the supports; 

–		 plastic hinges may appear at the top or bottom of supports, but not in between, 
and they also fulfil the requirements set out in subsection 24.3.1; 

b)	 orthogonal frames with several storeys where the translational breakage 
mechanism is an incomplete mechanism where hinges are only permitted in the 
lower sections of supports at the bottom storeys. The critical sections must also 
be designed so that such possible hinges in support bases are the last ones that 
occur in the structure, and remaining all the support sections throughout the 
height of the structure in the elastic range throughout the development of 
successive hinges in lintels (see Figure 24.3). 
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plastic hinges only at the bottom of supports on the bottom storey 

Figure 24.3. Incomplete plastic mechanism for orthogonal frames with various storeys 

Second-order forces may be considered indirectly for translational structures with 
rigid/plastic hinges, where applicable, using the elastic second-order analysis models 
for translational structures described in subsections 24.1 and 24.2, provided that they 
adequately consider the plastic hinges in the stiffness conditions for the corresponding 
elastic models. 

24.3.1. Requirements for supports for the plastic analysis 

For orthogonal building frames of one or two storeys where the requirements set 
out in subsection 24.3 are verified so as to allow a simplified, plastic, rigid translational 
analysis that involves plastic hinges at the ends of all or any supports, it is necessary to 
ensure that such sections have adequate capacity to rotate under the simultaneous 
action of the compression forces that load them. 

This requirement may be considered to have been satisfied if, under the axial 
forces obtained by a first-order plastic, rigid analysis, it is verified that: 

or its equivalent: 

Ncr ≥ 11.11 NEd 

where: 

A area of the support, assuming a constant section; 

fy yield strength of the steel; 

NEd design value of the axial compression force in the support; 

Ncr critical axial force of the support according to Euler‟s formula, assuming it 
to be double-jointed; 

 non-dimensional slenderness, corresponding to the ideal critical axial force 
for buckling in the support, and using the height of the support to give a 
conservative buckling length. 
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24.4. General, non-linear analysis method using second-order theory 

The effects of non-linear performance of materials and the equilibrium of the 
structure on its deformed geometric configuration are considered simultaneously in the 
general, non-linear analysis method using second-order theory. 

Furthermore, geometric imperfections equivalent to construction and material 
(residual stress) imperfections, as set out in Section 22, must also be taken into 
account. 

The elastic-plastic effects of non-linear material shall be considered in 
accordance with subsection 19.5, for sections with and without stiffeners. 

This method ensures that the structure neither has any global or local instability 
conditions at the level of its constituent members, nor exceeds the resistance capacity 
of the various sections of those members, in respect of the various combinations of 
actions, together with the corresponding partial factors for safety and the associated 
instability modes. 
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TITLE 3. TECHNOLOGICAL PROPERTIES OF 
MATERIALS AND DURABILITY 

CHAPTER VI. MATERIALS 

Construction products may be used under this Code if they are manufactured or 
marketed lawfully in the Member States of the European Union and the signatory 
states to the Agreement Creating the European Economic Area, wherever such 
products comply with the legislation of any Member State of the European Union, and 
guarantee a level of safety equivalent to that required by this Code, in respect of their 
intended purpose. 

This level of equivalence shall be justified in accordance with Article 4(2) or 
Article 16 of Directive 89/106/EEC of the Council of 21 December 1988 on the 
approximation of laws, regulations and administrative provisions of the Member States 
relating to construction products. 

The preceding paragraphs shall also apply to construction products 
manufactured or marketed lawfully in states with customs association agreements with 
the European Union where such agreements treat such products in the same way as 
those manufactured or marketed in a Member State of the European Union. In such 
cases, the level of equivalence shall be confirmed by applying the procedures for that 
purpose stipulated in the aforementioned Directive.  

Section 25. General 

This Chapter prescribes the requirements that shall be met by materials that may 
be used in steel structures. Section 26 defines the chemical composition, mechanical 
and technological properties that they shall have, as well as testing methods for them. 
Sections 27 and 28, respectively, relate to types of steel and the various products 
(beams and plates) that may be used.  

Section 29 specifies joints that may be used, and Section 30 relates to the 
necessary protection systems.  
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Section 26. Steel properties 

26.1. Chemical composition 

The chemical composition of steel that may be used to manufacture beams and 
plates for steel structures shall be specified in the paragraph corresponding to the 
relevant type of steel in Section 27. 

26.2. Mechanical properties 

For the purposes of this Code, the basic properties used to define steel quality 
are as follows:  

a) stress/strain diagram;  

b) ultimate strength or tensile resistance (fu); 

c) yield strength (fy); 

d) ultimate strain (εmax); 

e) elongation at failure (εu); 

f) modulus of elasticity (E); 

g) reduction of area (Z) expressed as a percentage; 

h) notch impact value (KV); 

i) fracture toughness; 

The Manufacturers shall guarantee the properties listed under b), c), d), e), f) and 
h) as a minimum requirement. 

26.3. Ductility requirements 

The steel shall meet the following requirements in order to guarantee sufficient 
ductility: 

fu/fy ≥ 1.10 

εu ≥ 0.15 

εmax ≥ 15 εy 

where εu is the elongation at failure on a gauge length of 5.65 A  where Ao is theo

original cross-section, εmax is the ultimate strain, and εy is the yield strain, given by εy = 
0.002 + fy/E, where E is the steel’s modulus of elasticity, for which the conventional 
value of 210 000 N/mm2 may be used, unless otherwise dictated by the results of tests 
on the steel. 

26.4. Technological properties 

Weldability is the ability of steel to be welded using normal processes without any 
cold cracking occurring. This is a key technological property for the execution of the 
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structure. According to ISO 581:80, “steel is considered weldable to a predetermined 
degree by means of a set procedure and for a specific purpose, where a suitable 
technique is used to make a continuous metal joint, in such a way that it fulfils the 
requirements laid down for its local properties and its impact on the construction of 
which it is”. 

Resistance of steel to lamellar tearing is defined as resistance to the appearance 
of cracks in welded parts subjected to out-off plane tensile stresses. In order to avoid 
lamellar tearing, such stress shall be minimised using an adequate design for the 
relevant construction details and analysing whether it is necessary to use steel that is 
unlikely to develop this defect, such as steel with improved resistance to out-off plane 
deformation, as discussed in subsection 27.2.5. 

Bendability is an indicator of the material’s ductility, and is defined by the 
presence or absence of cracks during the bending test. Bendability is an optional 
property that need only be verified if so required by the design’s Special Technical 
Specifications or the order contract. 

26.5. Definition of steel properties  

26.5.1. Chemical composition 

With regard to the chemical composition of steel, the most important components 
are those of the elements that appear in the expression of the equivalent carbon value 
(defined in 26.5.5), as well as its phosphorus and sulphur content, which is restricted 
owing to the need to minimise it. 

The chemical composition is determined using the methods specified in the 
relevant UNE standard for the steel type.  

26.5.2. Tensile properties 

Mechanical tensile properties (fu, fy, εmax, εu, E) are defined using the standardised 
tensile test in UNE-EN ISO 6892-1. 

Reduction of area (Z) is defined using the straight, initial and fractured sections of 
A  A

the test specimen submitted to the tensile test, using the expression: Z  i u 100 .
Ai 

26.5.3. Notch impact value 

Notch impact value is determined using the standardised Charpy shock bend test 
in UNE 7475-1. 

26.5.4. Fracture toughness  

Fracture toughness is determined rigorously, in special cases where so required, 
using specific fracture mechanics tests, which shall be conducted at specialist 
laboratories. 

26.5.5. Weldability (equivalent carbon) 

The basic parameter for steel, from the weldability perspective, is the carbon 
equivalent value (CE) stipulated for each type of steel. 
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The carbon equivalent value is defined using the following expression, where the 
content of the chemical elements indicated is expressed as a percentage:  

Mn	 Cr  Mo V Ni  Cu
CEV  C   

6 5 15 

However, the weldability requirement shall be regarded as having been met if the 
steel has a carbon equivalent value exceeding the value stipulated for it in this Code, if 
its welding process is qualified in accordance with UNE-EN ISO 15614-1 (or UNE-EN 
ISO 15613 if it is necessary to use a non-standardised test coupon).  

26.5.6. Bending properties 

Bendability shall be determined by testing whether there is an absence of cracks 
during a simple bending test standardised by UNE-EN ISO 7438.  

26.5.7. Resistance to lamellar tearing 

The resistance of steel to lamellar tearing shall be checked by obtaining a 
reduction of area in the tensile test that meets the specifications in Table 27.2.5. 

Section 27. Steel types 

This Code considers the following types of steel, which may be used in profiles 
and plates for steel structures: 

— 	 non-alloyed, hot-rolled steel. This means non-alloyed steel that does not 
have any particular mechanical resistance properties or resistance to 
corrosion, but does have a normal ferrite-pearlite microstructure;  

— 	 steel with special properties. This includes the following types:  

-	 weldable fine-grained steel in normalized condition;  

-	 thermomechanical rolled, weldable fine-grained steel; 

-	 steel with improved atmospheric corrosion resistance (weathering 
steel); 

-	 steel of high yield strength, in quenched and tempered condition;  

- steel with improved resistance to out-off-plane deformation.  

For the purposes of this Code, steel that is standardised under the standards 
given in Table 27 are considered to be equivalent to the aforementioned steel types: 

Table 27. Steel equivalent to the given steel types 

STEEL TYPE UNE-EN STANDARD 

non-alloyed, hot-rolled steel UNE-EN 10025-2  

weldable fine-grained steel in normalized 
condition 

UNE-EN 10025-3  
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thermomechanical rolled, weldable fine
grained steel 

UNE-EN 10025-4  

steel with improved atmospheric corrosion 
resistance (weathering steel) 

UNE-EN 10025-5  

steel of high yield strength, in quenched and 
tempered condition 

UNE-EN 10025-6:2007+A1  

steel with improved resistance to out-off
plane deformation  

UNE-EN 10164  

UNE-EN 10025-1  

Subsections 27.1 and 27.2 stipulate the characteristics and properties for the 
steel thus described on the basis of those given in the steel standards for hot-rolled 
products UNE-EN 10025-2, UNE-EN 10025-3, UNE-EN 10025-4, UNE-EN 10025-5 
and UNE-EN 10025-6:2007+A1, and they are compatible with the steel types and 
mechanical properties of steel in standards UNE-EN 10210-1 and UNE-EN 10219-1 for 
hollow sections and UNE-EN 10162 for open sections. 

The nominal value given in the relevant UNE-EN standard for the type of steel in 
question shall be used for the characteristic yield strength fyk, depending on the type 
and grade of steel and the nominal thickness of the product or, alternatively, where the 
steel has certain additional guarantees in accordance with Section 84, the nominal 
value stipulated in this Section for the type of steel in question. It shall also have the 
other characteristics and properties that appear in the other subsections of this Section.  

27.1. Non-alloyed, hot-rolled steel  

For the purposes of this Code, usable non-alloyed, hot-rolled steel corresponds 
to the types and grades listed in Table 27.1.a. 

Table 27.1.a. Non-alloyed, hot-rolled steel 

Grade 
Type 

S 235 S 275 S 355 

JR S 235 JR S 275 JR S 355 JR 
J0 S 235 J0 S 275 J0 S 355 J0 
J2 S 235 J2 S 275 J2 S 355 J2 
K2 - - S 355 K2 

Deoxidation state FN is permitted for grades JR and J0 (rimmed steel is not 
permitted), and FF (killed steel) is permitted for grades J2 and K2.  

The carbon equivalent value (CE) based on the cast analysis shall comply with 
Table 27.1.b. 

Table 27.1.b. Maximum CE 

Type 
Nominal product thickness t (mm) 

≤ 30 30 < t ≤40 40 < t ≤150 150 < t ≤250 
S 235 0.35 0.35 0.38 0.40 
S 275 0.40 0.40 0.42 0.44 
S 355 0.45 0.47 0.47 0.49 
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The percentages of phosphorus and sulphur in the product analysis shall comply 
with Table 27.1.c. 

Table 27.1.c. Maximum P and S content 

Type P (max %) S (max %) 

S235 JR, S275 JR, S355 JR 0.045 0.045 

S235 J0, S275 J0, S355 J0 0.040 0.040 

S235 J2, S275 J2, S355 J2, S355 K2 0.035 0.035 

Table 27.1.d gives the relevant specifications for yield strength fy and ultimate 
tensile strength fu for the various types of steel. 

Table 27.1.d. Minimum yield strength and ultimate tensile strength (N/mm2) 

Type Nominal thickness t (mm) 
t ≤ 40 40 < t ≤80 

fy  fu  fy  fu 

S 235 235 360<fu<510 215 360<fu<510 
S 275 275 430<fu<580 255 410<fu<560 
S 355 355 490<fu<680 335 470<fu<630 

Table 27.1.e gives the notch impact value specifications for the different steel 
grades. 

Table 27.1.e. Notch impact value (J), according to nominal product thickness t (mm) 

Grade 
Test 

temperature 
(ºC) 

Notch impact value (J) 

t ≤ 150 150< t ≤ 250 250< t ≤ 400 

JR 20 27 27 -
J0 0 27 27 -
J2 -20 27 27 27 
K2 -20 40 (*) 33 33 

(*) 	 Equivalent to resistance of 27J at –30 ºC.  


UNE-EN 10025-1 applies to t ≤ 12 mm. 


All the types and grades of steel given in Table 27.1.a are generally suitable for 
all types of welding process, where weldability increases from grade JR up to K2.  

27.2. Steel with special properties  

27.2.1. Weldable fine-grained steel in normalized condition  

Weldable fine-grained steel in normalized condition that is usable for the 
purposes of this Code corresponds to the types and grades given in Table 27.2.1.a. 

Table 27.2.1.a. Weldable fine-grained steel in normalized condition 

Grade 
Type 

S 275 S 355 S 420 S 460 

N S 275 N S 355 N S 420 N S 460 N 

NL S 275 NL S 355 NL S 420 NL S 460 NL 
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The carbon equivalent value (CE) based on the cast analysis shall comply with 
Table 27.2.1.b.  

Table 27.2.1.b. Maximum CE 

Type 
Nominal thickness t (mm) 

t ≤ 63 63 < t ≤100 100 < t ≤250 

S 275 N/NL 0.40 0.40 0.42 

S 355 N/NL 0.43 0.45 0.45 

S 420 N/NL 0.48 0.50 0.52 

S 460 N/NL 0.53 0.54 0.55 

The percentages of phosphorus and sulphur in the product analysis shall comply 
with Table 27.2.1.c. 

Table 27.2.1.c. Maximum P and S content 

Type P (max %) S (max %) 

S275 N, S355 N, S420 N, S460 N 0.035 0.030 

S275 NL, S355 NL, S420 NL, S460 NL 0.030 0.025 

Table 27.2.1.d gives the relevant specifications for yield strength fy and ultimate 
tensile strength fu for the various types of steel. 

Table 27.2.1.d. Minimum yield strength and ultimate tensile strength (N/mm2) 

Type 
Nominal thickness t (mm) 

t ≤ 40 40 < t ≤80 
fy  fu  fy  fu 

S 275 N/NL 275 370<fu<510 255 370<fu<510 
S 355 N/NL 355 470 <fu<630 335 470<fu<630 
S 420 N/NL 420 520<fu<680 390 520<fu<680 
S 460 N/NL 460 540<fu<720 430 540<fu<720 

Table 27.2.1.e gives the notch impact value specifications for the different steel 
grades. 

Table 27.2.1.e. Notch impact value (J) according to the test direction, longitudinal (L) or 
transversal (T) 

Grade Direction 
Test temperature (ºC) 

20 0 -10 -20 -30 -40 -50 

N 
L 
T 

55 
31 

47 
27 

43 
24 

40(*) 
20 

-
-

-
-

-
-

NL 
L 
T 

63 
40 

55 
34 

51 
30 

47 
27 

40 
23 

31 
20 

27 
16 

(*) Equivalent to resistance of 27J at –30 ºC. 

The values in this table shall be verified using tests conducted on the longitudinal 
direction and at a temperature of –20 ºC or –50 ºC for grades N and NL respectively, 
unless otherwise stipulated in the Special Technical Specifications. 

All the types and grades of steel in Table 27.2.1.a shall be suitable for welding 
using normal processes. 
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27.2.2. Thermomechanical rolled, weldable fine-grained steel 

Thermomechanical rolled, weldable fine-grained steel that is usable for the 
purposes of this Code corresponds to the types and grades given in Table 27.2.2.a. 

Table 27.2.2.a. Thermomechanical rolled, weldable fine-grained steel 

Grade 
Type 

S 275 S 355 S 420 S 460 

M S 275 M S 355 M S 420 M S 460 M 

ML S 275 ML S 355 ML S 420 ML S 460 ML 

The carbon equivalent value (CE) based on the cast analysis shall comply with 
Table 27.2.2.b.  

Table 27.2.2.b. Maximum CE 

Type 
Nominal thickness t (mm) 

t ≤ 16 16 < t ≤40 40 < t ≤63 63 < t 
S 275 M/ML 0.34 0.34 0.35 0.38 
S 355 M/ML 0.39 0.39 0.40 0.45 
S 420 M/ML 0.43 0.45 0.46 0.47 
S 460 M/ML 0.45 0.46 0.47 0.48 

The percentages of phosphorus and sulphur in the product analysis shall comply 
with Table 27.2.2.c. 

Table 27.2.2.c. Maximum P and S content 

Type P (max %) S (max %) 

S275 M, S355 M, S420 M, S460 M 0.035 0.030 
S275 ML, S355 ML, S420 ML, S460 ML 0.030 0.025 

Table 27.2.2.d gives the relevant specifications for yield strength fy and ultimate 
tensile strength fu for the various types of steel. 

Table 27.2.2.d. Minimum yield strength and ultimate tensile strength (N/mm2) 

Type 
Nominal thickness t (mm) 

t ≤ 40 40 < t ≤80 
fy  fu  fy  fu 

S 275 M/ML 275 370<fu<530 255 360<fu<520 
S 355 M/ML 355 470<fu<630 335 450<fu<610 
S 420 M/ML 420 520<fu<680 390 500<fu<660 
S 460 M/ML 460 540<fu<720 430 530<fu<710 

Table 27.2.2.e gives the notch impact value specifications for the different steel 
grades. 
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Table 27.2.2.e: Notch impact value (J) according to the test direction, longitudinal (L) or 
transversal (T) 

Grade Direction 
Test temperature (ºC) 

20 0 -10 -20 -30 -40 -50 

M 
L 
T 

55 
31 

47 
27 

43 
24 

40(*) 
20 

-
-

-
-

-
-

ML 
L 
T 

63 
40 

55 
34 

51 
30 

47 
27 

40 
23 

31 
20 

27 
16 

(*) Equivalent to resistance of 27 J at –30 ºC. 

The values in this table shall be verified using tests conducted on the longitudinal 
direction and at a temperature of –20 ºC or –50 ºC for grades M and ML respectively, 
unless otherwise stipulated in the Special Technical Specifications. 

All the types and grades of steel in Table 27.2.2.a shall be suitable for welding 
using normal processes. 

27.2.3. Steel with improved atmospheric corrosion resistance (weathering 
steel) 

Steel with improved atmospheric corrosion resistance (also called weathering 
steel or self-protecting steel) that is usable for the purposes of this Code corresponds 
to the types and grades given in Table 27.2.3.a. 

Table 27.2.3.a. Steel with improved atmospheric corrosion resistance 

Grade 
Type 

S 235 S 355 

J0 S 235 J0 W S 355 J0 W 
J2 S 235 J2 W S 355 J2 W 
K2 S 355 K2 W 

The carbon equivalent value (CE) based on a cast analysis shall be less than or 
equal to 0.44 for type S235, and less than or equal to 0.52 for type S 355.  

The percentages of phosphorus and sulphur in the product analysis shall comply 
with Table 27.2.3.b. 

Table 27.2.3.b. Maximum P and S content 

Type P (max %) S (max %) 
S235 J0 W, S355 J0 W 0.040 0.040 

S235 J2 W 0.040 0.035 
S355 J2 W, S355 K2 W 0.035 0.035 

Table 27.2.3.c gives the relevant specifications for yield strength fy and ultimate 
tensile strength fu for the various types of steel. 
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Table 27.2.3.c. Minimum yield strength and ultimate tensile strength (N/mm2) 

Type 
Nominal thickness t (mm) 

t ≤ 40 40 < t ≤80 
fy  fu  fy  fu 

S 235 J0W 
S 235 J2W 

235 360<fu<510 215 360<fu<510 

S 355 J0W 
S 355 J2W 
S 355 K2W 

355 490<fu<680 335 470<fu<630 

Table 27.2.3.d gives the notch impact value specifications for the different steel 
grades. 

Table 27.2.3.d. Notch impact value (J) 

Grade Test temperature (ºC) Notch impact value (J) 
J0 0 27 
J2 -20 27 
K2 -20 40 (*) 

(*) Equivalent to resistance of 27 J at –30ºC.  

UNE-EN 10025-1 applies to t ≤ 12 mm. 

All the steel types listed here may be welded, but their weldability is limited 
among various welding processes. The supplier shall therefore advise Project 
Management of the recommended processes for welding where necessary. In any 
case, the self-protective coating that forms in the area (less than 20 mm) near the 
edges of the joint shall be removed prior to welding. It shall be ensured that the weld is 
also resistant to atmospheric corrosion.  

27.2.4. Steel of high yield strength, in quenched and tempered condition 

Steel of high yield strength, in quenched and tempered condition that is usable 
for the purposes of this Code corresponds to the types and grades given in Table 
27.2.4.a. 

Table 27.2.4.a. Steel of high yield strength, in quenched and tempered condition 

Type 

S 460 

Grade 

Q S 460 Q 
QL S 460 QL 

QL1 S 460 QL1 

The percentages of phosphorus and sulphur in the product analysis shall comply 
with Table 27.2.4.b. 

Table 27.2.4.b. Maximum P and S content 

Type P (max %) S (max %) 

S460 Q 0.030 0.017 
S460 QL, S460 QL1 0.025 0.012 
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Table 27.2.4.c gives the relevant specifications for minimum yield strength fy and 
ultimate tensile strength fu for these types of steel.  

Table 27.2.4.c. Minimum yield strength and ultimate tensile strength (N/mm2) 

Type 
Nominal thickness t (mm) 

t ≤ 40 40 < t ≤80 
fy  fu  fy  fu 

S 460 Q 
S 460 QL 

S 460 QL1 
460 550<fu<720 440 550<fu<720 

Table 27.2.4.d gives the notch impact value specifications for the different steel 
grades. 

Table 27.2.4.d. Notch impact value (J) according to the test direction, 
longitudinal (L) or transversal (T) 

Grade Direction 
Test temperature (ºC) 

0 -20 -40 -60 

Q 
L 
T 

40 
30 

30 
27 

-
-

-
-

QL 
L 
T 

50 
35 

40 
30 

30 
27 

-
-

QL1 
L 
T 

60 
40 

50 
35 

40 
30 

30 
27 

The values in this table shall be verified using tests conducted on the longitudinal 
direction and at a temperature of –20 ºC, –40 ºC or –50 ºC for grades Q, QL and QL1 
respectively, unless otherwise stipulated in the Special Technical Specifications. 

Due to its chemical composition, and in order to ensure the steel's weldability, the 
supplier shall inform Project Management of the alloy elements that have been 
incorporated into the steel supplied, together with the recommended procedures for 
carrying out welding where necessary. 

27.2.5. Steel with improved resistance to out-off-plane deformation  

Steel with improved resistance to out-off-plane deformation that is usable for the 
purposes of this Code is steel that is classified under any of the subsections of this 
Section (Section 27) and which also fulfils the minimum values given for reduction of 
area in Table 27.2.5, obtained from a tensile test in the direction of thickness. 

Table 27.2.5. Minimum grades and values for reduction of area 

Grade 
Reduction of area (%) 

Minimum mean value from 
3 tests 

Individual minimum value 

Z 15 
Z 25 
Z 35 

15 
25 
35 

10 
15 
25 
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Section 28. Steel products 

Steel structures shall use only the profiles and plates mentioned in this Section, 
with the dimensions and tolerances given in each case. 

Profiles and plates shall be prepared using the steel specified in Section 27.  

28.1. Hot-rolled full-section profiles and plates  

For the purposes of this Code, hot-rolled full-section profiles and plates are 
products obtained from the hot-rolling, with uniform and full cross-section and a 
thickness greater than or equal to 3 mm, used in the construction of structures or the 
manufacture of members made of structural steel.  

It shall correspond to one of the series given in Table 28.1. 

Table 28.1. Series of hot-rolled full-section profiles and plates 

Series 
Product standard 

Dimensions Tolerances 

IPN sections UNE 36521 UNE-EN 10024 

IPE sections UNE 36526 UNE-EN 10034 

HEB sections (base) UNE 36524 UNE-EN 10034 

HEA sections (light) UNE 36524 UNE-EN 10034 

HEM sections (heavy) UNE 36524 UNE-EN 10034 

Standard U sections (UPN) UNE 36522 UNE-EN 10279 

UPE sections UNE 36523 UNE-EN 10279 

Commercial U sections (U) UNE 36525 UNE-EN 10279 

Equal leg angles (L) UNE-EN 10056-1 UNE-EN 10056-2 

Unequal leg angles (L) UNE-EN 10056-1 UNE-EN 10056-2 

T section UNE-EN 10055 UNE-EN 10055 

Circular UNE-EN 10060 UNE-EN 10060 

Square UNE-EN 10059 UNE-EN 10059 

Rectangular UNE-EN 10058 UNE-EN 10058 

Hexagonal UNE-EN 10061 UNE-EN 10061 

Plate (*) UNE 36559 UNE 36559 

(*) 	 The plate is a flat, rolled product with a width larger than 600 mm, and mainly used as batch 
material for the manufacture of flat members. According to its thickness “t,” it is classified as 
medium plate (3 mm ≤ t ≤ 4.75 mm) or heavy plate (t > 4.75 mm). 

28.2. Hot-finished hollow sections  

According to this Code, hot-finished hollow sections are structural hollow sections 
of uniform cross-section and a thickness greater than or equal to 2 mm, either hot
formed with or without subsequent heat treatment, or cold-formed with subsequent 
heat treatment, and used in the construction of structures. 
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It shall correspond to one of the series given in Table 28.2. 

Table 28.2. Series of heat-finished hollow sections 

Series 
Product standard 

Dimensions Tolerances 

Circular section 

UNE-EN 10210-2 UNE-EN 10210-2 
Square section 

Rectangular section 

Elliptical section 

28.3. Cold-formed hollow sections  

According to this Code, cold-formed hollow sections are welded structural hollow 
sections that are cold-formed without subsequent heat treatment and have a thickness 
larger than or equal to 2 mm and a uniform cross-section, and are used in the 
construction of structures.  

It shall correspond to one of the series given in Table 28.3. 

Table 28.3. Series of cold-shaped hollow sections 

Series 
Product standard 

Dimensions Tolerances 

Circular section 

UNE-EN 10219-2 UNE-EN 10219-2 Square section 

Rectangular section 

28.4. Cold-formed open sections 

According to this Code, cold-formed open sections are profiles with a uniform 
cross-section, in various shapes, produced by cold-forming of flat, hot-rolled or cold
rolled plate, and used in the construction of structures. 

They shall correspond to one of the following sections: 

- L section; 

- U section; 

- C section; 

- Z section; 

- Ω section; 

- tubular section with pointed edges. 
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Standard UNE-EN 10162 sets out the dimensions and tolerances for cold-formed 
open sections. 

28.5. Non-standardised profiles and plates  

In addition to the profiles and plates considered in subsections 28.1 to 28.4, 
which correspond to standard series, non-standard profiles and plates may be used in 
the construction of structures, both special open shape ones, or variants of 
standardised series, that fulfil the following conditions: 

– 	 the profiles and plates shall be prepared using steel specified in Section 
27; 

– 	 the manufacturer shall guarantee the dimensions and tolerances, both 
dimensional and cross-sectional, of the profiles and plates; 

– 	 the manufacturer shall supply the data values for the section that are 
necessary for design (area of the cross-section, second moment of 
area, resistance modulus, radius of gyration, centre of gravity, etc.).  

Section 29. Fasteners 

29.1. General 

The fasteners discussed in this Code comprise bolts, nuts and washers for bolted 
joints, and the welding consumables.  

29.2. Bolts, nuts and washers  

According to this Code, bolts that may be used for joints in steel structures 
correspond to the grades in Table 29.2.a, with the specifications for yield strength fyb 

and ultimate tensile strength fub given there. 

Table 29.2.a. Minimum yield strength fyb and minimum ultimate tensile strength fub for 
bolts (N/mm2) 

Type Standard bolts High-strength bolts 

Grade 4.6 5.6 6.8 8.8 10.9 

fyb 240 300 480 640 900 

fub 400 500 600 800 1 000 

Bolts of a grade lower than 4.6 or higher than 10.9 may not be used without 
documented experimental justification that such bolts are adequate for the joint for 
which they are intended. 

Bolts that are standardised under the standards given in Table 29.2.b are 
considered to be usable for the purposes of this Code. For each standardised group of 
bolts, the table shows the standards relating to nuts and washers that may be used 
with them. The table applies to bolts, nuts and washers for assemblies that are not pre
loaded, in accordance with UNE-EN 15048.  
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Table 29.2.b. Compatibility of use of bolts, nuts and washers 

Standardised bolts 
Standardised hexagonal 

nuts 
Standardised flat washers 

UNE-EN ISO 4014 
UNE-EN ISO 4016 
UNE-EN ISO 4017 
UNE-EN ISO 4018 

UNE-EN ISO 4032 
UNE-EN ISO 4033 
UNE-EN ISO 4034 

UNE-EN ISO 7089 
UNE-EN ISO 7090 
UNE-EN ISO 7091 
UNE-EN ISO 7092 

UNE-EN ISO 7093-1 
UNE-EN ISO 7093-2 
UNE-EN ISO 7094 

Normal series washers are standardised by UNE-EN ISO 7089, 7090 and 7091; 
the small series is standardised by UNE-EN ISO 7092; the large series is standardised 
by UNE-EN ISO 7093-1 and 7093-2; and finally, the extra-large series is standardised 
by UNE-EN ISO 7094.  

Only bolts of grades 8.8 and 10.9. that are standardised according to UNE-EN 
14399-1 may be pre-loaded. In such case, the assemblies shall comply with the 
applicable parts of UNE-EN 14399: parts 3, 4, 7, 8 and 10 for bolts and nuts; parts 5 
and 6 for washers. 

29.3. Special types of bolt  

This Code considers the use of bolts with countersunk heads, fit bolts and 
injection bolts as special types.  

They shall be made of materials that fulfil the provisions of subsection 29.2. They 
shall be used as non-preloaded bolts, or as pre-loaded bolts (in the latter case, they 
shall satisfy the requirements stipulated for them in subsection 29.2). 

29.3.1. Bolts with countersunk heads  

These are bolts with the shape and dimensional tolerance that after installation 
shall remain nominally flush with the outer face of the outer ply. 

29.3.2. Fit bolts 

Fit bolts are installed in holes that, when reamed in situ, shall be pre-drilled using 
a drill or punch with a diameter at least 3 mm undersized than the final diameter. 
Where the bolt has to join several plies, they shall be welded firmly together during the 
reaming process. 

Reaming shall be carried out with a fixed spindle device; no acidic lubricants may 
be used. 

29.3.3. Injection bolts 

Injection bolts feature a perforated head into which resin is injected to fill any 
gaps between the shank and the hole.  

The head of an injection bolt shall have a hole with a minimum diameter of 3.2 
mm, to which the needle of the injection device may be fitted. A special washer shall be 
used beneath the head of the bolt. The internal diameter of such a washer shall be at 
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least 0.5 mm oversized than the actual diameter of the bolt, and it shall have a 
mechanised side. A special slotted washer shall be used underneath the nut.  

Tightening of the bolts should be carried out before starting the injection 
procedure. This consists of a resin made of two components, the temperature of which 
shall fall between 15ºC and 25ºC. The joint shall be free of water at the time of 
injection. 

29.4 Pins 

Standard UNE-EN 10083-1 defines the quality of steel for pins that are usable in 
joints for steel structures, for the purposes of this Code, with the specifications of yield 
strength fyb and ultimate tensile strength fub given in Table 29.4 below.  

Table 29.4. Minimum yield strength and ultimate tensile strength of steel that may be 
used for pins (N/mm2) 

State Quenching and tempering Standardised 
d ≤ 16 mm 16 mm < d ≤ 

40 mm 
40 mm < d ≤ 

100 mm 
d ≤ 16 mm 16 mm < d 

≤ 100 mm 
Name fyb fub fyb fub fyb fub fyb fub fyb fub 

C 22 340 500 to 
650 

290 470 
to 

620 

-- -- 240 430 210 410 

C 25 370 550 to 
700 

320 500 
to 

650 

-- -- 260 470 230 440 

C 30 400 600 to 
750 

350 550 
to 

700 

300 (*) 500 to 
550 (*) 

280 510 250 480 

C 35 430 630 to 
780 

380 600 
to 

750 

320 550 to 
700 

300 550 270 520 

C 40 460 650 to 
800 

400 630 
to 

780 

350 600 to 
750 

320 580 290 550 

C 45 490 700 to 
850 

430 650 
to 

800 

370 630 to 
780 

340 620 305 580 

C 50 520 750 to 
900 

460 700 
to 

850 

400 650 to 
800 

355 650 320 610 

C 55 550 800 to 
950 

490 750 
to 

900 

420 700 to 
850 

370 680 330 640 

C 60 580 852 to 
1000 

520 800 
to 

950 

450 750 to 
900 

380 710 340 670 

(*) Only applies up to d = 63 mm. 

29.5 Welding consumables 

Welding consumables that may be used to weld (wire, cables and electrodes) 
shall be appropriate for the welding process, considering the material that is to be 
welded and the welding process to be used; certain mechanical properties shall also be 
taken into consideration, in terms of yield strength, ultimate tensile strength, ultimate 
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strain, and notch impact value, which shall not be less than those of the parent material 
of which the profiles or plates that will be welded are made.  

For the welding of steel with improved atmospheric corrosion resistance, the 
welding consumables shall have resistance to corrosion at least equivalent to that of 
the parent metal, unless otherwise permitted by the design’s Special Technical 
Specifications.  

Section 30. Protection systems  

This Section mainly stipulates the paint types and systems that may be used to 
protect steel structures, as well as the technical provisions with which they shall comply 
according to the durability required by the protective paint system.  

Other protection systems for steel construction that are proven to be effective and 
are widely used, such as “thermal spraying with zinc” or “hot-dip galvanization”, are 
discussed below and in subsections 79.3.1 and 79.3.2.  

30.1. Paint types  

The following types of paint may be used: 

– air-drying paint; 

– physical sealant paints; 

- solvent-based paints; 

- water-based paints; 

– chemical sealant paints; 

- epoxy paints of two components;  

- polyurethane paints of two components; 

- moisture sealant paints. 

30.2. Paint systems  

Paint systems shall consist of a number of coats of primer (1 or 2, as needed), 
and a number of finishing coats (between 1 and 4, as needed) with defined nominal 
dry-film thickness that, when applied to a steel surface that has been prepared to a 
predetermined extent, result in durability determined by the protective paint system.  

The durability of a protective paint system depends on the type of system, the 
design of the structure, the state of the steel surface (which in turn depends on the 
prior condition of the surface and the extent to which it has been prepared), the quality 
of application, the conditions during application and the conditions to which it is 
exposed during service. 

The degree of durability of a paint system is a useful technical concept for 
selecting the system to use in a given case and for defining the relevant maintenance 
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programme, but it may not, under any circumstances, be understood as a warranty 
period. 

Three grades of durability are stipulated for paint systems:  

- low durability (L): from 2 to 5 years;  

- medium durability (M): from 5 to 15 years; 

- high durability (H): more than 15 years.  

30.3. Specifications and tests for paint systems  

Paint systems that are used for steel structures shall meet the specifications in 
Table 30.3.a, which sets the test duration, in hours, that the paint system shall 
withstand for each structural exposure class given in subsection 8.2.2, and the 
durability grade of the paint system. Table 30.3.b sets out the adherence specifications 
for paint systems applied to zinc-covered steel.  

The tests referred to in the tables are the following:  

– 	 chemical resistance test according to UNE-EN ISO 2812-1; 

– 	 immersion test according to UNE-EN ISO 2812-2, in water (class Im1) or in an 
aqueous 5 % sodium chloride solution (classes Im2 and Im3);  

– 	 continuous water condensation test according to UNE-EN ISO 6270-1;  

– 	 neutral salt spray test according to UNE-EN ISO 9227.  


Table 30.3.a. Specifications for paint systems applied to steel 

Exposure 

class 
Durability 

grade 
Chemical resistance 

test (h) 
Immersion 

test (h) 
Water condensation 

test (h) 
Neutral salt spray test 

(h) 
C2 Low 

Medium 
High 

-
-
-

-
-
-

48 
48 

120 

-
-
-

C3 Low 
Medium 

High 

-
-
-

-
-
-

48 
120 
240 

120 
240 
480 

C4 Low 
Medium 

High 

-
-
-

-
-
-

120 
240 
480 

240 
480 
720 

C5-I Low 
Medium 

High 

168 
168 
168 

-
-
-

240 
480 
720 

480 
720 

1 440 

C5-M Low 
Medium 

High 

-
-
-

-
-
-

240 
480 
720 

480 
720 

1 440 

Im1 Low 
Medium 

High 

-
-
-

-
2 000 
3 000 

-
720 

1 440 

-
-
-

Im2 Low 
Medium 

High 

-
-
-

-
2 000 
3 000 

-
-
-

-
720 

1 440 

Im3 Low 
Medium 

High 

-
-
-

-
2 000 
3 000 

-
-
-

-
720 

1 440 
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Table 30.3.b. Adherence specifications for paint systems applied to zinc-covered steel 

Exposure class Durability grade 
Water condensation test  

h 

C2 
Low 

Medium 
High 

240 
240 
240 

C3 
Low 

Medium 
High 

240 
240 
240 

C4 
Low 

Medium 
High 

240 
240 
480 

C5-I 
Low 

Medium 
High 

240 
480 
720 

C5-M 
Low 

Medium 
High 

240 
480 
720 

The test specimens shall be made of the type of steel that will be used (and, 
where needed, with the zinc coating that will be used), and have a minimum size of 150 
x 70 mm and thickness as dictated by the test but never less than 2 mm. Test 
specimens shall fulfil the preparation and surface state conditions stipulated in UNE-EN 
ISO 12944-6. 

A test on a specimen is considered to fulfil the specifications of either Table 
30.3.a or Table 30.3.b where: 

– 	 the specimen is classed as 0 or 1 before the test according to UNE-EN ISO 
2409. Where the dry-film thickness of the painting system is greater than 250 
μm, this requirement shall be replaced by a requirement to ensure that the paint 
substrate (A/B) does not blow during the adherence test according to UNE-EN 
ISO 4624, unless the tensile values are greater than or equal to 5 N/mm2; 

– 	 the specimen does not show any defects according to the evaluation methods 
given in UNE-EN ISO 4628-2 to UNE-EN ISO 4628-5 and it is of class 0 or 1 
according to UNE-EN ISO 2409, after testing during the period given in Table 
30.3.a or 30.3.b as relevant for the required exposure class and durability 
grade. Where the dry-film thickness of the painting system is greater than 250 
μm, this requirement is also replaced in the same way as in the preceding point. 
The condition after the test according to UNE-EN ISO 2409 or according to the 
substitution test shall be evaluated after the specimen has been reconditioned 
for 24 hours. 

The specimen shall be considered as having no defects according to the 
evaluation methods given in UNE-EN ISO 4628-2 to UNE-EN ISO 4628-5 when it 
satisfies the following requirements:  

- according to UNE-EN ISO 4628-2: blistering 0 (S0);  

- according to UNE-EN ISO 4628-3: Ri oxide 0;  

- according to UNE-EN ISO 4628-4: cracking 0 (S0);  

- according to UNE-EN ISO 4628-5: flakiness 0 (S0).  

TITLE 3 	 page 19 



 

 

 

 

 
 

 
 

 

In addition to these requirements, which are evaluated immediately, there shall 
also be no development of substrate corrosion greater than 1 mm from the incision, 
calculated according to UNE-EN ISO 12944-6, after the artificial ageing stipulated by 
UNE-EN ISO 9227. 

Defects closer than 10 mm from the edges of the specimen should not be taken 
into account.  

30.4.Specifications for protection systems using thermal spraying with 
zinc and hot-dip galvanizing  

The minimum and maximum durations (in year) of zinc coating until its first 
maintenance is given in standard UNE-EN ISO 14713 for the various categories of 
corrosivity in standard ISO 9223. 

So, for example, in the case of a hot-dip galvanised coating (carried out in 
accordance with UNE-EN ISO 1461) of 85 micro-metres in thickness (which is the 
minimum average thickness value required for a coating for structural steel members 
with a thickness greater than 6 mm), standard UNE-EN ISO 14713 gives the durations 
for protection (in years), which are 40/>100 (for environments in category C3), 20/40 
(for C4 environments) and 10/20 (for C5 environments).  
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CHAPTER VII. DURABILITY 


Section 31. Durability of steel structures  

31.1. General 

The durability of a steel structure is its capacity to withstand the physical and 
chemical conditions to which it is exposed and which may cause it to deteriorate as a 
result of effects other than loads considered in the structural analysis, throughout the 
design working life. 

A durable structure shall comply with a strategy that allows all possible 
deterioration factors to be considered and for each phase of the structure’s design, 
execution and use to be acted upon subsequently. 

A proper durability strategy shall consider the fact that a structure may have 
different structural members that are subjected to different types of environment.  

31.1.1. Consideration of durability in the design phase  

The design for a steel structure shall include the necessary measures for the 
structure to achieve the predetermined working life, in accordance with the conditions 
relating to environmental aggressiveness and the type of structure. It shall therefore 
include a durability strategy in accordance with the criteria set out in subsection 31.2. 

The environmental aggressiveness to which the structure is subjected shall be 
identified according to the type of environment, in accordance with subsection 8.2.1. 

The report shall justify the selection of exposure classes considered for the 
structure. The drawings shall also show the environment type for which each member 
has been designed. 

The design shall also define structural shapes and details that facilitate the water 
drainage and are effective in the light of possible steel corrosion. 

Equipment members, such as supports, joins, drains, etc., may have a shorter 
working life than the structure itself, so the possibility of adopting design measures that 
facilitate the maintenance and replacement of such members during the use phase is 
to be examined as needed.  
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31.1.2. Consideration of durability in the execution phase  

High quality on-site work has a decisive influence on whether the structure is 
durable. 

The durability specifications shall be complied with in full during the execution 
phase. Compensation for any effects resulting from failure to comply with any of the 
specifications is not permitted.  

31.2. Durability strategy 

31.2.1. General requirements  

In order to satisfy the requirements of Section 5, it is necessary to follow a 
strategy that considers all possible mechanisms of deterioration, by adopting specific 
measures depending on the environmental aggressiveness to which each member will 
be subjected.  

The durability strategy shall include at least the aspects mentioned in the 
following subsections: 

– 	 selection of suitable structural shapes, in accordance with subsection 31.2.2;  

– 	selection of suitable protective treatment (painting, metallising, hot-dip 
galvanisation), taking account of the exposure class to which the member will 
be subjected and the state of the surface that is to be protected, in accordance 
with Section 79;  

– 	 configuration of special protective measures in the case of highly aggressive 
environments, in accordance with subsection 31.2.4;  

– 	 setting out a programme of inspections to be conducted during and after 
painting, in accordance with Chapter XXI; 

– 	 setting out a programme of maintenance that covers the whole working life of 
the structure, in accordance with Chapter XXIII. 

31.2.2. Selection of structural shapes 

The design shall define the structural layouts, geometric shapes and details 
compatible with ensuring suitable durability for the structure. The design shall facilitate 
the preparation of surfaces, painting, inspections and maintenance. 

The use of structural designs that result in increased susceptibility to corrosion 
shall be avoided. It is therefore recommended that structural members be simple in 
shape, avoiding excessive complexity, and that the methods for executing the structure 
do not reduce the effectiveness of the protective systems used (by damage to the 
members during transportation and handling). 

Direct contact between steel surfaces and water shall be minimised by avoiding 
the formation of water deposits, facilitating the rapid evacuation of water and 
preventing water from passing into joined areas. Precautions shall therefore be 
adopted, such as avoiding a configuration of horizontal surfaces that encourages water 
or dirt to accumulate, eliminating open sections in the upper part that facilitates such 
accumulation, filling cavities and holes where water could be retained, and configuring 
suitable systems on an oversized scale for the conduction and drainage of water.  
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Where the structure has closed areas (accessible interior) or hollow members 
(inaccessible interior), it shall be ensured that they are protected effectively against 
corrosion. Water shall therefore be prevented from being trapped inside during the 
assembly of the structure, the necessary measures for ventilation and drainage 
(accessible interiors) shall be taken, and it shall be sealed effectively so that air and 
moisture cannot enter inaccessible interiors, by means of continuous welds. 

Potential corrosion in narrow openings, blind cracks and overlap joints shall be 
avoided by means of an effective seal, which usually consists of continuous welds. 

Special attention shall be paid to protection against corrosion of joints, both 
bolted (so that the bolts, nuts and washers have the same durability as the rest of the 
structure) and welded (ensuring that the surface of the weld is free of imperfections 
such as cracks, craters and projections that are difficult to cover effectively when they 
are subsequently painted over), and additionally, in the case of backing arrangements 
or the execution of notches (on webs, reinforcement, etc.), the need to allow the 
surface to be prepared and for the paint to be applied adequately shall be taken into 
account (by continuous welding of the intersection between the backing and the 
reinforced member, with a minimum radius of 50 mm for the notches and avoiding any 
water retention). 

The appearance of galvanic coupling, which are produced when there is electrical 
continuity between two metals of different electro-chemical potential (such as stainless 
steel and carbon steel), shall be avoided by isolating the surfaces of both metals 
electrically by means of painting or other procedures. 

31.2.2.1. Additional thickness on inaccessible surfaces 

Surfaces of steel structures that are subjected to a risk of corrosion, and which 
are inaccessible for inspections and maintenance and not sealed adequately, shall 
initially have suitable protection for the design working life, and the thickness of the 
steel resulting strictly from the structural design shall also be increased by an additional 
thickness that compensates for the effect of corrosion during the working life. 

In the absence of more detailed studies, the additional thickness (increase in 
nominal thickness) shall have the following minimum value, expressed in mm per 
inaccessible surface and for every 30 years of the working life planned for the 
structure: 

– 	 exposure classes C4 (high corrosive), C5-I and C5-M (very high 
corrosive): 1.5 mm; 

– 	 exposure class C3 (medium corrosive): 1 mm; 

– 	 exposure class C2 (low corrosive): 0.5 mm. 

No additional thickness is required for exposure class C1 (very low corrosive).  

The resulting thickness (nominal thickness plus additional thickness) for 
inaccessible bridge caissons shall not be less than 8 mm. 

31.2.2.2. Use of steel with improved resistance to atmospheric corrosion  

Steel with improved resistance to atmospheric corrosion may be used without 
protective painting on external surfaces, by increasing the nominal thickness obtained 
from the calculation by 1 mm for the surface exposed to the external environment. The 

TITLE 3 	 page 23 



 

 

  
 

 
 

 

 

 

 

 

 

 

 
 

provisions of subsection 31.2.2.1 (adequate protection system for the design working 
life, and additional steel thickness) shall apply to the internal surfaces of inaccessible 
closed sections. 

The use of such steel in cases where its surface is supposed to be in contact with 
the ground or with water for long periods of time, permanently wet, or subject to a 
marine environment with moderate or high salinity, an industrial environment with high 
SO3 content, or the presence of deicing salt, requires a detailed examination of whether 
it is suitable. The surface of the steel shall be protected in such cases. 

31.2.3. Construction details  

The construction details described as inadequate in the following figures should 
be avoided, and construction details described as adequate be used. Adequate 
construction details are those that meet the general criteria given in subsection 31.2.2.  

Dirt and water 
retained 

Inadequate Suitable 

Discontinuity 

Figure 31.2.3.a. Prevention of the accumulation of water and dirt 

painting 

Difficult to prepare for 
blast cleaning and 

prepare for 
Easier to 

blast 
cleaning and 
painting 

Figure 31.2.3.b. Welding 
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Closed crack 
Continuous welds 

Crack 
Inadequate (narrow crack that is difficult to protect) 

Better 

Suitable (solid, whole component) 

Figure 31.2.3.c. Treatment of hollows 

Protective paint systems Protective paint systems 
Protective paint systems 

Steel Steel Steel 

Acute edge Bevelled edge Rounded edge
 
Inadequate Better Suitable 


Figure 31.2.3.d. Elimination of acute edges 

Insufficiently flat surface 
Paint protection systems Smooth welded surface 

Irregularities Accumulated dirt 

Inadequate Better Suitable 

Figure 31.2.3.e. Elimination of imperfections on the welded surface 
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Backing 

Web 

Notch Welds 

Base flap 

For notches, r ≥ 50 mm 

Figure 31.2.3.f. Recommended backing design for protection against corrosion 

31.2.4. Special protective measures 

In cases of particularly harsh corrosion, where normal protective measures are 
inadequate, special protection systems may be used. 

The design shall consider the working life of the additional protection, and 
stipulate an adequate maintenance programme for it. 

31.3. Conditions for facilitating inspections and maintenance  

Access shall be planned, wherever possible, to all the structure’s members, as 
well as to the supports, joints and drainage members, and it shall be examined whether 
it is worth having specific systems in place to facilitate inspection and maintenance 
during the service phase. Accordingly, and given that including access systems for 
maintenance in service that were not initially planned is a difficult task, the design shall 
stipulate the necessary access systems, which may include fixed walkways, motorised 
platforms or other auxiliary measures.  

The fundamental accessibility criterion is that all the structure’s surfaces that are 
to be inspected and maintained shall be visible and within the reach of the 
maintenance worker, using a safe method. The worker shall be able to move 
throughout all parts of the structure that is to be maintained, and shall have sufficient 
space to work in those parts. 

Particular attention shall be paid to the accessibility of closed areas of the 
structure, such as metal caissons. Access openings shall be of sufficient size to allow 
safe access, both for workers and for maintenance equipment. Minimum dimensions of 
500 x 700 mm (width x height) are recommended for rectangular or oval access points, 
and a minimum diameter of 600 mm for circular ones. There shall also be suitable 
ventilation openings for the protection system used for maintenance work.  
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TITLE 4. DESIGN AND CHECKING 

CHAPTER VIII. MATERIALS DATA FOR DESIGN 


Section 32. Design data for structural steel 

32.1. Design values for material properties 

The design resistance of the steel shall be considered the value fyk/γM, where fyk 
is the characteristic yield strength and γM is the partial resistance factor corresponding 
to the failure method considered, as defined in subsection 15.3. 

This expression is valid for both tension and compression. 

32.2. Stress-strain diagrams 

The characteristic stress-strain diagram for the steel is the one that is used as the 
basis for the calculations, and it has the property that the stress values give a level of 
confidence of 95 % in relation to the corresponding values obtained from the tensile 
test. 

For compression, the same diagram is used as for tensile. 

The design stress-strain diagram for the steel is the one that finds the 
characteristic diagram by using an oblique affinity, parallel to Hooke's line, with a ratio 
of 1/γM, where γM is the relevant partial resistance factor. 

For the purposes of this Code, the bilinear stress- strain diagram will be used, 
with a second horizontal branch (Figure 32.2.a), or even, in the case of a non-linear 
analysis, a bilinear stress- strain diagram with an inclined second branch may be used 
as an alternative (Figure 32.2.b). 

Notwithstanding the above, other simplified diagrams may be used, wherever 
their use leads to results that are backed up sufficiently by experience. 
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Figure 32.2.a. Bilinear stress-strain diagram 

Figure 32.2.b. Bilinear stress-strain diagram with second branch inclined 

32.3. Fracture toughness 

The fracture toughness of steel defines the material‟s resistance to brittle 
fracture, i.e. fracture without any appreciable plastic strain. For the purposes of this 
Code, fracture toughness is defined in terms of notch impact value, which is the energy 
absorbed in the standardised Charpy probe shock bending test in UNE 7475-1. 

The material must have a sufficient fracture toughness to avoid brittle fracture of 
the members that are subjected to tension or bending at the lowest service 
temperature expected to occur within the design working life of the structure. 

In the absence of rigorous studies, such as those for the application of fracture 
mechanics, on the conditions of brittle fracture for the member, depending on the 
fracture toughness of the material, the stress level and the expected minimum 
temperature during service, Table 32.3 gives the maximum values for the thickness t of 
the parent material. These maximum values are defined in the table depending on the 
steel type and grade, the reference stress level in the steel σref and the reference 
temperature Tref. 
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Table 32.3 applies to members that are subjected to tension, as well as to 
bending or fatigue, where at least part of the section is tensioned. This table applies to 
both non-welded and welded members. No fracture toughness test is required for 
members subjected exclusively to compression stress (whether by single compression, 
combined compression or a fatigue cycle with compression stress alone). 

The reference stress σref is the nominal stress (i.e. without taking account of any 
cracks) in the member and section that is to be checked, calculated as the 
serviceability limit state, taking into account worst combination of permanent and 
variable loads that could occur, as well as the effect of temperature Tref. 

The reference temperature Tref is obtained from the minimum air temperature that 
may be expected during the working life of the structure, corrected to take account of 
the effect of heat radiation loss, speed of deformation and the material type, using the 
following expression: 

Tref = To + ΔTr - ΔT - ΔTεcf 

where: 

To	 minimum service temperature to be considered, which may be taken as the 
absolute minimum temperature recorded at the site of the structure within the 
previous 50 years. In the absence of other data, the values published by the 
State Meteorological Agency [Agencia Estatal de Meteorología] for the weather 
station closest to the site, subtracting 0.5 °C for every 100 m increase in altitude, 
and adding 0.5 °C for every 100 m reduction in altitude; 

ΔTr	 term that introduces the effect of loss through radiation; it may be taken as ΔTr = 
-5 °C; 

, with a value of 0 °C if this is equal to the 
reference value,  = 4 x 10-4/sec; for other  values (e.g. in the case of impact 
loads), ΔT  may be obtained using the expression: 

 ))1.5ΔT  = (1440 – fy) (ln (  / /550; 

ΔTεcf	 function term for cold-forming of steel; if the steel is not cold-formed, this term is 
0 °C. If the steel is cold-formed, it may be taken as: 

ΔTεcf = 3 x εcf 

where εcf is the percentage of permanent strain produced by the cold-forming of the 
material. 

In Table 32.3, the reference stress ı ref is standardised as a percentage (75 %, 
50 % or 25 %) of the nominal yield strength of the steel for the thickness t considered, 
fy(t), where fy(t) is the value of fy for thickness t appearing in the corresponding 
standard for the type of relevant steel, or, alternatively, it may be determined using: 

fy(t) = fy – 0.25t 

where fy is the yield strength of the steel in N/mm2 and t is the thickness of the 
material in mm. 

ΔT  function term for deformation rate 
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Table 32.3 allows for linear interpolation. In the majority of cases, the value of σref 
will vary between 0.75 fy(t) and 0.50 fy(t). Values for σref outside the interval 0.75 fy(t)-
0.25 fy(t) may not be extrapolated. 

Table 32.3. Maximum thicknesses t (mm) of parent material 

Steel 
type 

Grade 

Resilience 

to T 
[°C] 

Jmin 

10 0 -10 -20 -30 

ref=0.75 fy(t) 

-40 -50 

Reference temperature Tref [°C] 

10 0 -10 -20 -30 -40 -50 

ref=0.50 fy(t) 

10 0 -10 -20 -30 -40 -50 

ref=0.25 fy(t) 

S235 

JR 20 27 60 50 40 35 30 25 20 90 75 65 55 45 40 35 135 115 100 85 75 65 60 

J0 0 27 90 75 60 50 40 35 30 125 105 90 75 65 55 45 175 155 135 115 100 85 75 

J2 -20 27 125 105 90 75 60 50 40 170 145 125 105 90 75 65 200 200 175 155 135 115 100 

S275 

JR 20 27 55 45 35 30 25 20 15 80 70 55 50 40 35 30 125 110 95 80 70 60 55 

J0 0 27 75 65 55 45 35 30 25 115 95 80 70 55 50 40 165 145 125 110 95 80 70 

J2 -20 27 110 95 75 65 55 45 35 155 130 115 95 80 70 55 200 190 165 145 125 110 95 

M, N -20 40 135 110 95 75 65 55 45 180 155 130 115 95 80 70 200 200 190 165 145 125 110 

ML, NL -50 27 185 160 135 110 95 75 65 200 200 180 155 130 115 95 230 200 200 200 190 165 145 

S355 

JR 20 27 40 35 25 20 15 15 10 65 55 45 40 30 25 25 110 95 80 70 60 55 45 

J0 0 27 60 50 40 35 25 20 15 95 80 65 55 45 40 30 150 130 110 95 80 70 60 

J2 -20 27 90 75 60 50 40 35 25 135 110 95 80 65 55 45 200 175 150 130 110 95 80 

K2, M, N -20 40 110 90 75 60 50 40 35 155 135 110 95 80 65 55 200 200 175 150 130 110 95 

ML, NL -50 27 155 130 110 90 75 60 50 200 180 155 135 110 95 80 210 200 200 200 175 150 130 

S420 
M, N -20 40 95 80 65 55 45 35 30 140 120 100 85 70 60 50 200 185 160 140 120 100 85 

ML, NL -50 27 135 115 95 80 65 55 45 190 165 140 120 100 85 70 200 200 200 185 160 140 120 

S460 

Q -20 30 70 60 50 40 30 25 20 110 95 75 65 55 45 35 175 155 130 115 95 80 70 

M, N -20 40 90 70 60 50 40 30 25 130 110 95 75 65 55 45 200 175 155 130 115 95 80 

QL -40 30 105 90 70 60 50 40 30 155 130 110 95 75 65 55 200 200 175 155 130 115 95 

ML, NL -50 27 125 105 90 70 60 50 40 180 155 130 110 95 75 65 200 200 200 175 155 130 115 

QL1 -60 30 150 125 105 90 70 60 50 200 180 155 130 110 95 75 215 200 200 200 175 155 130 

32.4. Other data for the design 

Calculations for steel structures shall use the following values for the properties 
given: 

– modulus of elasticity: E = 210 000 N/mm2 

– shear modulus: G=E/[2 (1+ ν)] 

– Poisson‟s ratio: ν = 0.3 

– linear expansion factor: Χ = 1.2 x 10-5 °C-1 

– density γ = 7 850 Kg/m3 
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CHAPTER IX. ULTIMATE LIMIT STATES 


Section 33. Equilibrium limit state 

Is shall be checked that, under the most unfavourable load hypothesis, the 
structure‟s equilibrium limits are not exceeded (overturning, sliding, etc.), applying 
methods from rational mechanics and bearing in mind the actual conditions of the 
supports. 

Ed,estab. ≥ Ed,destab 

where: 

Ed.stab design value of the effect of stabilising actions; 

Ed.destab design value of the effect of destabilising actions. 

Section 34. Resistance limit state of cross-sections 

34.1. General design principles 

34.1.1. General 

This Section considers the resistance of the cross-sections of members. 

The effects of local buckling and shear lag are considered, where required, by 
finding the reduced and effective cross-sections, in accordance with Sections 20 and 
21 respectively. In the specific case of shear force, the effects of local buckling caused 
by such force must be considered in accordance with subsection 35.5. 

The design values of resistance depend on the classification of the cross-section. 
Elastic verification according to the elastic resistance may be carried out for all cross-
sectional classes, provided the effective cross-sectional properties are used for the 
verification of class 4 cross-sections. 

For the elastic verification, the following yield criterion may be used for a critical 
point of the cross-section, unless other interaction formulae are applied (see 
subsection 34.7): 
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where: 

σx,Ed design value of direct longitudinal stress at the point of consideration; 

ı z,Ed design value of direct transverse stress at the point of consideration; 

τEd design value of shear stress at the point of consideration. 

34.1.2. Cross-sections properties 

34.1.2.1. Properties of the gross cross-section 

The nominal dimensions of the gross section are used to determine its properties. 
When calculating such properties, it is not necessary to deduct holes for fasteners, but 
large holes and openings are to be deducted. The calculation of properties of the gross 
section does not include splice materials. 

34.1.2.2. Net area 

The net area of a cross-section should be taken as its gross area less 
appropriate deductions for all holes and other openings. The deduction for a hole shall 
be its gross area on the plane of its axis (that corresponding to the product of the hole‟s 
diameter and the thickness of the member). For countersunk holes, the countersunk 
part of the hole must be taken into account. 

Provided that the fastener holes are not staggered, the total area to be deducted 
shall be the maximum sum of the sectional areas of the holes included in any cross-
section perpendicular to the member‟s axis. 

Where the fastener holes are staggered, the total area to be deducted shall be 
the greater of the following: 

–		 the deduction for non-staggered holes, as indicated in the preceding paragraph; 

–		 the sum or the sectional areas of all holes extending in a diagonal or zigzag line 
across the member or part thereof, minus the product of s2t / 4p for each space 
between holes (see Figure 34.1.2.2.a): 


















p4
sΣdnt

2

0

In this expression, s is the distance between the centres of two consecutive holes 
measured in parallel to the axis of the member, p is the distance between the centres 
of the same holes measured perpendicularly to the axis of the member, t is the 
thickness of the member, d0 is the diameter of the hole and n is the number of holes 
extending along any diagonal or zigzag line across the member or part thereof (see 
Figure 34.1.2.2.a). 
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direction of 

force 

Figure 34.1.2.2.a. Staggered holes 

For angles or other members with holes on more than one plane, the distance p 
should be measured along the centre of thickness of the material (see Figure 
34.1.2.2.b). 

Figure 34.1.2.2.b. Angles with holes on both legs 

34.1.2.3. Effective properties of cross-sections with class 3 webs and class 1 or 2 
flanges 

The calculation of the effective section in cross-sections with class 3 webs and 
class 1 or 2 flanges is obtained from determining an equivalent web, in accordance 
with subsection 20.3. 

34.1.2.4. Effective properties of class 4 cross-sections 

The effective cross-section of class 4 sections is calculated on the basis of the 
effective widths of compressed parts. The effective widths of planar, compression parts 
are obtained in accordance with Section 20. 

Where a class 4 cross-section is subjected to an axial compression force, the 
possible shift of the centroid of the effective area relative to the centre of gravity of the 
gross cross-section (see 34.7.2.3), thus resulting in additional bending moment: 
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ΔMEd = NEd eN 

34.1.2.5. Shear lag effects 

The influence of shear lag on flanges may be discounted when the conditions in 
subsection 21.1 are fulfilled. 

The effects of shear lag shall be considered when these limits are exceeded. 

When ultimate limit states are verified, the combined effects of shear lag and 
local buckling of the flange may be considered by obtaining a reduced effective area 
given by: 

Aef = Ac,ef ψult 

where: 

Ac,ef Effective area of the compressed flange against local buckling (see 
Section 20). 

ψult reduction factor for the effective width of the compressed flange, in order 
to consider shear lag in the ultimate limit state, estimated in the elastic range using the 
expressions for ψel (see subsections 21.3 and 21.4), but replacing the parameter β with 
β‟. 

β' = αβ = α b0/ L 

where: 
tb

Α
α

0

efc,
 where t is the flange thickness. 

34.2. Tension 

The design value of the tension force NEd at each cross-section should verify: 

NEd ≤ Nt,Rd 

where: 

NEd design value of the tension force; 

Nt,Rd design resistance of the tensioned cross-section. 

For sections with holes, the design tension resistance Nt,Rd should be taken as 
the smaller of the following values: 

– the design plastic resistance of the gross section Npl,Rd: 

M0

y
Rdpl, γ

Af
N 

– the design ultimate resistance of the net cross-section: 

M2

unet
Rdu, γ

f0.9A
N 
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Where capacity design is required, the design plastic resistance Npl,Rd shall be 
less than the design ultimate resistance of the net section Nu,Rd. 

In order to check category C connections that are designed to resist sliding in the 
ultimate limit state, the design tension resistance Nt,Rd may not exceed the design 
tension resistance of the net area Nnet,Rd: 

M0

ynet
Rdnet, γ

fA
N 

In the case of angles and other sections, such as T and U sections, which are 
connected through only one side, the criteria specified in 58.5.2 shall be applied. 

34.3. Compression 

The design value of the compression force NEd at each cross-section shall verify: 

Ned ≤ Nc,Rd 

where: 

NEd design value of the compression force; 

Nc,Rd design resistance of the compressed cross-section. 

The design resistance of the cross-section for uniform compression Nc,Rd shall be 
determined using the following expressions: 

M0

y
Rdc, γ

fA
N


 for class 1, 2 or 3 cross-sections; 

for class 4 cross-sections. 
M0

yef
Rdc, γ

fA
N




Fastener holes, except for oversized and slotted holes, shall not be deducted for 
the resistance verification in compressed member cross-sections wherever fasteners 
fill such holes. 

In the case of unsymmetrical class 4 cross-sections, subsection 34.1.2.4 should 
be considered in order to determine the additional moment ΔM due to eccentricity of 
the centroidal axis of the effective cross-section. 

34.4. Bending moment 

At each cross-section, the design value of the bending moment MEd should 
satisfy: 

MEd ≤ Mc,Rd 

where: 

MEd design value of the bending moment; 

Mc,Rd design bending resistance of the cross-section. 
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The design resistance for bending Mc,Rd of the cross-section about the principal 
axis is determined using the following expressions: 

M0

ypl
Rdc, γ

fW
M


 for class 1 or 2 sections; 

for class 3 sections; 
M0

yminel,
Rdc, γ

fW
M




for class 4 sections. 
M0

yminef,
Rdc, γ

fW
M




where Wpl is the plastic resistant module and Wel,min and Wef,min are the resistant 
modules corresponding to the fibre with the maximum elastic stress, considering the 
gross section and effective cross-section respectively. 

For class 3 or class 4 cross-sections that are unsymmetrical in relation to the 
neutral bending fibre, and where plastification first occurs in the tensioned area of the 
section, it may be allowed, both in order to assign the web class (see subsection 20.3) 
and to determine the design bending resistance, to enter the plastic area of the 
tensioned axes of the cross-section. The maximum tension strain is limited to 6εy, 
where εy is the strain corresponding to the yield strength of the steel. 

It is not necessary to consider fastener holes in the tensioned flange when the 
flange fulfils the following condition: 

M0

yf

M2

unetf,

γ
fA

γ
f0.9A 




where Af and Af,net are the gross and net area of the tensioned flange, respectively. 

The holes in the tension zone of the web need not be considered provided that 
the limit given above is satisfied for the complete tension zone comprising the tension 
flange plus the tension zone of the web. 

Fastener holes, except for oversize and slotted holes, shall not be deducted for 
the resistance verification on member cross-sections that are subject to bending 
moment, provided that the holes are filled by fasteners. 

In the case of biaxial bending, the methods stated in subsection 34.7.2 shall be 
used. 

34.5. Shear force 

At each cross-section, the design value of the shear force VEd should satisfy: 

VEd ≤ Vc,Rd 

where: 

VEd design value of the shear force; 

Vc,Rd design shear resistance of the cross-section. 
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For plastic design, in the absence of torsion, Vc,Rd is the design plastic shear 
resistance Vpl,Rd, which is given by the following expression: 

 
M0

yv
Rdpl, γ

3/fA
V 

where Av is the shear area, which is obtained using the following expressions, 
depending on the type of cross-section: 

–		 rolled I or H sections with a load parallel to web:
 

A – 2btf + (tw + 2r) tf but not less than (η hw tw);
 

–		 rolled channel sections with a load parallel to web:
 

A – 2btf + (tw + r) tf; 


–		 rolled T-sections with a load parallel to web: 

 
2
t2rtbtA f

wf 

–		 welded I, H and box sections with a load parallel to web: 

ηΣ(hwtw); 

–		 welded I, H, channel and box sections with a load parallel to flanges: 

A−Σ(hwtw); 

–		 welded T-sections with a load parallel to web: 











2
tht f

w

–	 rolled rectangular hollow sections of uniform thickness: 

load parallel to depth h: Ah/(b + h);
 

load parallel to width b: Ab/(b + h);
 

–		 circular hollow sections and tubes of uniform thickness: 

2A/π 

where: 


A area of the cross-section;
 

b overall breadth; 


h overall depth; 


hw depth of the web; 
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r root radius;
 

tf flange thickness; 


tw web thickness; 


η Factor that allows the additional resistance offered by a plastic
 
hardening through deformation of the material to be considered. It is 
recommended that a value of η=1.2 be used. 

For verifying the design shear resistance, the following elastic criterion may be 
used for any critical point of the cross-section, unless the verification criteria set out in 
subsection 35.5 apply: 

with 
 

1
γ3/f

η

M0y

Ed 
 tl

SVEd
Ed




where: 

τEd design value of the local shear stress; 

VEd design value of the shear force; 

S first moment of the area of the cross-section above the point under 
consideration; 

I second moment of area of the cross-section; 

t thickness at the point under consideration. 

For I or H sections where the line of shear force application coincides with the 
axis of symmetry of the web, the design shear stress τEd in the web may be obtained 
using the following expression: 

if Af / Aw ≥ 0.6 
w

Ed
Ed A

V


where: 

Af area of one flange; 

Aw area of the web Aw= hw tw 

In addition, shear buckling resistance for webs without intermediate stiffeners 
shall also be verified in accordance with subsection 35.5. 

Fastener holes shall not be considered for the shear verification. 

34.6. Torsion 

For members subjected to torsion for which distortional deformations may be 
disregarded, the design value of the torsional moment TEd should satisfy the following 
at each cross-section: 

TEd ≤ Tc,Rd 
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where: 

TEd design value of the torsional moment force; 

Tc,Rd design torsional resistance of the cross-section. 

The torsional force TEd at any cross-section may be divided into two components, 
such as: 

TEd = Tt,Ed + Tw,Ed 

where: 

Tt,Ed torsion force component corresponding to uniform or Saint-Venant 
torsion; 

Tw,Ed torsion force component corresponding to warping torsion. 

The values of Tt,Ed and Tw,Ed may be determined using TEd by means of an elastic 
analysis, taking into account the properties of the cross-section, the conditions of 
restraint at the supports and the distribution of actions along the member. 

The following stresses due to torsion should be taken into account: 

–		shear stresses τt,Ed due to uniform torsion Tt,Ed; 

–		direct stresses ı w,Ed due to the bimoment BEd and shear stresses τw,Ed due to 
warping torsion Tw,Ed. 

For the elastic verification, the yield criterion set out in subsection 34.1.1 may be 
applied. 

For determining the design resistance of a cross-section due to bending and 
torsion, only the effects of torsion produced by the bimoment BEd and resulting from an 
elastic analysis will be taken into account. This leads to the following verification 
criterion: 

where Mc,Rd is the design bending resistance of the cross-section (see subsection 34.4) 
and ı w,Ed is the design maximum direct stress due to warping torsion. 

warping torsion theory: 
The maximum direct stress σw,Ed is found using the following equation, from the 

 

where ω is the standardised compartment coordinate and Iw is the warping module of 
the cross-section. 
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The effects of warping torsion may be disregarded in the case of members with a 
closed, hollow cross-section. In the case of members with an open cross-section, such 
as I and H profiles, the effects of uniform torsion may be disregarded. 

For determining the design torsion resistance Tc,Rd of hollow sections, the shear 
resistance of every single part of the cross-section shall be taken into account, in 
accordance with the verification criteria set out in subsection 35.5. 

Under the combined action of shear force and torsional moment, the following 
criterion shall be applied to plastic design: 

VEd ≤ Vpl,T,Rd 

where: 

VEd	 design value of the shear force; 

Vpl,T,Rd	 design resistance of the cross-section to shear force and torsional 
moment. 

Such sectional resistance Vpl,T,Rd is given by the following expressions, depending 
on the type of cross-section: 

For I or H sections: 

For a channel section: 

For hollow sections: 

34.7. Interaction of forces 

34.7.1. Bending and shear  

In some cases where the section is subjected to the combined effect of bending 
and shear loads, the verification is carried out considering their interaction, resulting in 
a reduction in the design moment resistance of the cross-section. 

Where the design shear force VEd does not exceed 50 % of the plastic resistance 
of the section Vpl,Rd, the design resistance of the cross-section shall not be reduced, 
except where shear buckling reduces the section resistance (see subsection 35.5). 
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Where VEd exceeds 50 % of the plastic resistance of the shear section Vpl,Rd, a 
reduced yield strength is assigned to the shear area, with a value of (1-ρ)·fy, in order to 
determine the design bending resistance of the cross-section, where: 

with Vpl,Rd being obtained in accordance with subsection 34.5. 

Where sections are subjected to shear and torsion, where VEd exceeds 50 % of 
the plastic resistance of the shear section Vpl,T,Rd, a reduced yield strength is assigned 
to the shear area, with a value of (1-ρ)·fy, in order to determine the design moment 
resistance of the cross-section, where: 

with Vpl,T,Rd being obtained in accordance with subsection 34.6. 

For I cross-sections with equal flanges that are subjected to about the mayor 
axis, the design plastic moment resistance may be obtained using the following 
expression, considering interaction with the shear force and torsional moment: 

where Aw = hw tw. 

34.7.2. Bending and axial force 

Where the section is subjected to the combined effect of bending loads and axial 
force, the verification shall be conducted in accordance with the criteria set out, 
depending on the type of cross-section, in the subsections that follow. 

For members that are subjected to bending and axial compression force, the 
criteria for verification against instability must be satisfied (see Section 35). 

34.7.2.1. Class 1 and 2 cross-sections 

A reduction of the design plastic moment resistance shall be made where an 
axial force is present. The following criterion must be satisfied: 

MEd ≤ MN,Rd 

where MN,Rd is the design plastic moment resistance reduced, due to the axial force 
NEd. 

For a rectangular solid section without fasteners holes, the design plastic moment 
resistance reduced MN,Rd is given by: 
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where Mc,Rd is the design moment resistance (see subsection 34.4). 

For double symmetrical I and H sections, the reduction must be made in order to 
consider the effect of axial force on the plastic resistance moment about the y-y axis, 
where the following is fulfilled: 

Similarly, for double symmetrical I and H sections, the reduction must be made 
for the effect of axial force on the plastic resistance moment about the z-z axis, where 
the following is fulfilled: 

For cross-sections of rolled or welded I or H sections with equal flanges where 
fastener holes are not considered, the following approximate expressions may be 
applied in order to obtain the reduced plastic moment resistance: 

about the y-y axis: 

MN,y,Rd = Mc,y,Rd(1–n)/(1–0.5a) where MN,y,Rd ≤ Mc,y,Rd 

where: 
Rdpl,

Ed
N
Nn  and 

A
2btAa 

 where a ≤ 0.5; 

about the z-z axis: 

for n ≤ a: MN,z,Rd = Mc,z,Rd 

for n > a: MN,z,Rd = Mc,z,Rd 




























2

a1
an1 where MN,z,Rd ≤ Mc,z,Rd 

where: and where a ≤ 0.5. 
Rdpl,

Ed
N
Nn 

A
2btAa f



For cross-sections of rectangular hollow sections of uniform thickness and 
welded box sections with equal flanges and webs and where fastener holes are not 
considered, the following approximate expressions may be applied in order to obtain 
the reduced plastic moment resistance about both axes: 

MN,y,Rd = Mc,y,Rd(1–n)/(1–0.5aw) where MN,y,Rd ≤ Mc,y,Rd 

MN,z,Rd = Mc,z,Rd(1–n)/(1–0.5af) where MN,z,Rd ≤ Mc,z,Rd 
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where: 

A
2btAaw


 where aw ≤ 0.5 for hollow sections; 

A
2btAa f

w


 where aw ≤ 0.5 for welded box sections;  

where af ≤ 0.5 for hollow sections; 

where af ≤ 0.5 for welded box sections.  

A
2htAaf




A
2htAa w

f




For circular hollow sections, the following approximate expression may be 
applied in order to obtain the reduced plastic moment resistance: 

where: 

For biaxial bending and axial force, the following approximate criterion may be 
used for the verification: 

where α and β are constants, which may conservatively be taken as unity, or obtained 
as follows: 

– I and H sections: 

α = 2; = 5n with β ≥ 1; 

– rectangular hollow sections: 

2n1,131
1.66βα


 with α = β 

where 
Rdpl,

Ed
N
Nn 

34.7.2.2. Class 3 cross-sections 

Under the combined action of bending and axial force, and in the absence of 
shear force, the maximum direct stress σx,Ed should satisfy: 
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The stress σx,Ed is the design value of the maximum direct stress due to the 
bending moment and axial force, taking into account the fastener holes where relevant, 
as specified in subsections 34.2, 34.3 and 34.4. 

In order to verify the section, the preceding criterion results in the following 
expression at the most heavily loaded point: 

where: 

A area of the cross-section; 

Wel elastic moment resistance modulus about the relevant axis. 

34.7.2.3. Class 4 cross-sections 

Under the combined action of bending and axial force, and in the absence of 

compressed members shall satisfy: 
shear force, the maximum direct stress calculated using the effective widths of the 

where σx,Ed is the design value of the maximum direct stress due to the bending 
moment and axial force, taking into account of the fastener holes where relevant, as 
specified in subsections 34.2, 34.3 and 34.4. 

In order to test the section, the preceding criterion results in the following 
expression at the most heavily loaded point: 

where: 

Aef effective area 
compression; 

of the cross-section when subjected to uniform 

Wef effective section modulus when 
moment about the relevant axis; 

the cross-section is subjected to 

eN shift of the relevant centroidal axis when the cross-section is subjected 
to compression only. 
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34.7.3. Bending, shear and axial force 

Where the section is subjected to the combined effect of bending, shear and axial 
force loads, the verification is carried out by reducing the design moment and 
compression resistances. 

Where the design value of the shear force VEd is less than 50 % of the design 
plastic resistance Vpl,Rd, none of the reductions in the design resistance of the section 
set out in subsection 34.7.2 will be necessary, except where shear buckling reduces 
the section resistance as set out in subsection 35.5. 

Where VEd exceeds 50 % of the plastic shear resistance Vpl,Rd, a reduced yield 
strength is assigned to the shear area, with a value of (1- , in order to determine the 
design resistance of the cross-section to combinations of moment and axial force (see 

y)·fρ

subsection 34.7.2), where: 

obtaining Vpl,Rd in accordance with subsection 34.5. 

Section 35. Instability limit state 

35.1. Compression members 

35.1.1. Buckling of uniform members 

For a compression member, the design value of the compression force NEd shall 
verify: 

NEd ≤ Nb,Rd 

where: 

NEd design value of the compression force; 

Nb,Rd design buckling resistance of the compression member. 

For members with an non-symmetrical class 4 cross-sections, additional moment 
ΔMEd must be considered due to eccentricity of the centroidal axis of the effective 
secion Aef, as defined in subsection 34.1.2.3. This will require an analysis of the 
interaction between the axial force and bending moment verifying compression and 
bending members to buckling (see subsection 35.3). 

The design buckling resistance of a compression member shall be determined as 
follows: 

for class 1, 2 or 3 cross-sections; 
M1

y
Rdb, γ

fAχ
N




M1

yef
Rdb, γ

fAχ
N


 for class 4 cross-sections, 
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where χ is the reduction factor for the relevant buckling mode. 

It is not necessary to consider fastener holes at the column ends in determining A 
and Aef. 

For compression members of variable section along its directrix or with uneven 
distribution of the axial force, the verification of the buckling resistance of such 
members may be conducted according to the general method for the second-order 
analysis of frames and structural members, in accordance with Sections 22 and 24 of 
Chapter V. For compressed members of variable second moment of area or uneven 
axial force and which have certain restraint conditions, subsections 70.2, 70.3 and 70.4 
of Chapter XV may apply. 

35.1.2. Buckling curves 

For uniform members that are subjected to uniform axial compression force, the 
value of χ for non-dimensional slenderness λ shall be determined in accordance with 
the following: 

where χ ≤ 1.0 
22 λΦΦ

1χ




where: 

Χ imperfection factor;
 

for class 1, 2 or 3 cross-sections; 

cr

y

N
Af

λ 

cr

yef

N
fA

λ  for class 4 cross-sections; 

Ncr elastic critical force for the relevant buckling mode, based on the 
gross cross-section properties. 

The value of the imperfection factor Χ corresponding to the appropriate buckling 
curves is obtained from Table 35.1.2.a. 

Table 35.1.2.a. Imperfection factor values 

Buckling curve a0 a b c d 

Imperfection factor Χ 0.13 0.21 0.34 0.49 0.76 

The selection of buckling curve for each cross-section is obtained from Table 
35.1.2.b. 
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Table 35.1.2.b. Selection of buckling curves 

Cross-section Limits 
Buckling 
about the 

axis 

Buckling curve 
S 235 
S 275 
S 355 
S 420 

S 460 

Rolled 
sections 

h/
b≤

1.
2 tr ≤ 40 mm y – y 

z – z 
a 
b 

a0 
a0 

40 mm < tr ≤ 100 y – y 
z – z 

b 
c 

a 
a 

h/
b≤

1.
2 tr ≤ 100 mm y – y 

z – z 
b 
c 

a 
a 

tr > 100 mm y – y 
z – z 

d 
d 

c 
c 

Welded I 
sections 

tr ≤ 40 mm y – y 
z – z 

b 
c 

b 
c 

tr > 40 mm y – y 
z – z 

c 
d 

c 
d 

Hollow 
sections 

Hot-finished any a a0 

Cold-formed any c c 

Welded 
box 

sections 

In general (other than cases in 
the box below) any b b 

Heavy welding 
a > 0.5 tr 
b/tr < 30 
h/tw < 30 

any c c 

U, T and 
solid 

sections 
any c c 

Angle 
sections any b b 

The values of the reduction factor χ, for the appropriate non-dimensional 
slenderness , may also be obtained from Figure 35.1.2. λ
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Non-dimensional slenderness 

Figure 35.1.2. Buckling curves 

λ

For slendernesses of λ ≤ 0.2 or for 0.04
N
N

cr

Ed  , the buckling effects may be 

ignored, and only cross-sectional checks apply. 

35.1.3. Slenderness for flexural buckling 

The non-dimensional slenderness λ for the verification of flexural buckling in 
compression members is given by: 

E

cr

cr

y

λ
1

i
L

N
Af

λ  for classes 1, 2 and 3 cross-sections; 

E

ef

cr

cr

yef

λ
A

A

i
L

N
fA

λ  for class 4 cross-sections, 

where: 

Lcr Buckling length in the buckling plane considered; 

i is the radius of gyration about the relevant axis, determined using the 
properties of the gross cross-section. 

ε93.9
f
Eπλ

y
E 
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yf
235ε  (fy in N/mm2) 

For flexural buckling, the appropriate buckling curve shall be selected according 
to Table 35.1.2.b. 

35.1.4. Slenderness for torsional and torsional-flexural buckling 

Compressed members with open cross-sections and weak torsional stiffness 
shall be verified to either torsional or torsional-flexural buckling. 

Non-dimensional slenderness for the torsional or torsional-flexural buckling shall 
be taken as: 

cr

y
T N

Af
λ  for class 1, 2 or 3 cross-sections; 

cr

yef
T N

fA
λ  for class 4 cross-sections, 

where Ncr = Ncr,TF and Ncr < Ncr,T. 

The values Ncr,TF and Ncr,T are critical elastic torsional-flexural buckling force and 
critical elastic torsional buckling force, respectively. 

For torsional or torsional-flexural buckling, the appropriate buckling curve may be 
obtained from Table 35.1.2.b, considering the curve related to the z-z axis. 

35.2. Members in bending 

35.2.1. Lateral buckling of uniform members 

A laterally unrestrained member subject to major axis bending shall be verified 
against lateral-torsional buckling as follows: 

MEd ≤ Mb,Rd 

where: 

MEd design value of the moment; 

Mb,Rd design buckling resistance moment. 

For members with certain types of cross-section, such as circular or square 
hollow sections or box sections, the verification against lateral torsional buckling may 
be omitted. 

The design buckling resistance moment of a laterally unrestrained member 
subjected to bending about the major axis is given by the following expression: 

M1

yyLT
Rdb, γ

fWχ
M
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where: 

Wy section modulus: 

Wy = Wpl,y for classes 1 and 2 cross-sections; 

Wy = Wel,y for class 3 cross-sections; 

Wy = Wef,y for class 4 cross-sections; 

χLT reduction factor for lateral torsional buckling. 

It is not necessary to consider fastener holes at the member ends in determining 
Wv. 

For members that are subjected to bending about their major axis and which 
have a variable section throughout the directrix, the design and verification of 
resistance to lateral torsional buckling shall be implemented according to the general 
method for the second-order analysis of structural members, in accordance with 
Sections 22 and 24. 

35.2.2. Lateral torsional buckling curves. General case 

For bending members of uniform cross-section, the value of χLT 

appropriate non-dimensional slenderness λ LT shall be determined in accordance with 
the following: 

2
LT

2
LTLT

LT
λΦΦ

1χ


 where χLT ≤ 1.0 

where: 

imperfection factor; LTα

cr

yy
LT M

fW


Mcr critical elastic moment for lateral torsional buckling. 

The value of Mcr is based on gross cross-sectional properties, and taking account 
of the loading conditions, the actual moment distribution and lateral restraints. 

The value of the imperfection factor ΧLT for each of the buckling curves is 
obtained from Table 35.2.2.a. 

Table 35.2.2.a. Imperfection factor values for lateral torsional buckling 

Buckling curve a b c d 

Imperfection factor ΧLT 0.21 0.34 0.49 0.76 
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The selection of buckling curve for each cross-section is obtained from Table 
35.2.2.b. 

Table 35.2.2.b. Selection of lateral torsional buckling curves 

Cross-section Limits Buckling curve 

Rollec I sections h / b ≤ 2 a 

h / b ≤ 2 b 

Welded I sections h / b ≤ 2 c 

h / b ≤ 2 d 

Other cross-sections - d 

The values of the reduction factor χLT, depending on the non-dimensional 
slenderness LTλ , may be obtained from the buckling curves in Figure 35.1.2. 

35.2.2.1. Lateral torsional buckling curves for rolled sections or equivalent welded 
sections 

For rolled sections or equivalent welded sections in bending, the value of the 
reduction factor χLT appropriate non-dimensional slenderness LTλ may be 
determined from: 

where χLT ≤ 1.0 and χLT ≤ 1.0 / 2
LTλ

In order to determine χLT for sections of this type, the values for LT,0λ and β may 
be taken as 0.4 (maximum value) and 0.75 (minimum value) respectively. The 
selection of buckling curve for each cross-section is thus obtained from Table 
35.2.2.1.a. 

Table 35.2.2.1.a. Selection of lateral torsional buckling curve for such cross-sections, 
considering the expression above in order to determine the factor χLT 

Cross-section Limits Buckling curve 

Rolled I sections h / b ≤ 2 b 

h / b ≤ 2 c 

Welded I sections h / b ≤ 2 c 

h / b ≤ 2 d 

TITLE 4 page 25 



     

        

             

         

     
           

     

   1.0χ modLT,        

           

    2
LTc 0.8λ1.01.0k10.51.0f        

      
   

    

 

       

       
          

  

Using the values for λ

λ

LT,0 and β mentioned in the preceding paragraph, it holds 

that for slendernesses of LT ≤ 0.4 or ratios of 
cr

Ed
M
M ≤ 0.16 the lateral buckling 

verification may be ignored, and only the resistance shall be verified. 

Furthermore, for taking into account the moment distribution between lateral 
restraints of members, the factor χLT obtained using the preceding expression may be 
modified according to the following expression: 

where and 
f

χχ LT
modLT,  2

LT
modLT, λ

1χ 

The minimum value of f is determined using the following expression: 

where f ≤ 1.0, 

where kc is a correction factor that depends on the moment distribution and is obtained 
from Table 35.2.2.1.b. 

Table 35.2.2.1.b. Correction factor kc 

Moment distribution 

35.2.3. Simplified assessment methods for beams with restraints in buildings 

Members with discrete lateral restraint to the compression flange shall not be 
susceptible to lateral buckling if the length Lc between restraints on the flange or the 
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resulting slenderness of the equivalent compression flange satisfies the following fλ
criterion: 

where: 

non-dimensional slenderness 
between restraints; 

of the equivalent compression flange 

My,Ed maximum 
spacing; 

design value of the bending moment between restraints 

M1

yy
Rdc, γ

fW
M 

where Wy is the appropriate section modulus corresponding to the compression 
flange. 

kc slenderness correction factor for moment distribution between restraints 
(see Table 35.2.2.1.b); 

if,z radius of gyration of the equivalent compression flange composed of the 
compression flange plus one-third of the compressed part of the web area, 
about the minor axis of the section. 

For class 4 
expression: 

cross-sections, if,z may be obtained using the following 

where 

Ief,f effective second moment of area of the compression flange about 
the minor axis of the section; 

Aef,f effective area of the compression flange; 

Aef,w,c effective area of the compressed part of the web. 

ε93,9
f
Eπλ
y

E 

(fy in N/mm2) 
yf

235ε 
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c0λ Limit slenderness of the equivalent compression flange. For this 
slenderness, a value of is recommended. 

If the above criterion is not fulfilled, the design buckling resistance moment may 
be obtained as follows: 

where Mb,Rd ≤ Mc,Rd 

where: 

χ reduction factor for the equivalent compression flange, determined by ; fλ

kfl	 modification factor that takes account for the conservatism of the 
equivalent compression flange method. The value of kfl = 1.10 is 
recommended. 

The buckling curves for obtaining the factor χ depending on fλ are: 

- d curve for welded sections that comply with , where h is the overall 44ε
t
h
f


depth of the cross-section and tf is the thickness of the compression flange; 

- c curve for all other sections. 

35.3. Members in bending and axial compression 

Unless a second-order analysis has been carried out using the imperfections as 
given in Section 22, the stability of members in bending and axial compression with 
double-symmetric cross-sections for sections not susceptible to distortional 
deformation, shall be verified as set out below, where a distinction is made between the 
following: 

–		 members that are not susceptible to torsional deformation, such as circular 
hollow sections or sections restraint from torsion; 

–		 members that are susceptible to torsional deformation, such as members with 
open cross-sections or not restraint from torsion. 

The checking for members of structural systems may be carried out on the basis 
of the single span individual members. The second-order effects of the sway systems 
(P-Δ effect) must be taken into account either by the end moments of the members or 
by means of the appropriate buckling lengths. 

For members that are subjected to bending and axial compression, the following 
conditions must be verified: 
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where: 

NEd, My,Ed, Mz,Ed, design values of the compression force and maximum moments 
about the y-y and z-z axes, along the member, respectively; 

ΔMy,Ed, ΔMz,Ed additional moment due to the shift of the centroidal axis (see 
subsection 34.7.2.3, and Table 35.3.a); 

χy χz reduction 
35.1.2); 

factors due to flexural buckling (see subsection 

χLT reduction factor due to lateral torsional buckling (see subsection 
35.2.2). For members that are not susceptible to deformation 
due to torsion, χLT =1.0; 

kyy, kyz, kzy, kzz Interaction factors obtained using two alternative methods: 
method 1 (Tables 35.3.b (a) and 35.3.b (b); method 2 (Tables 
35.3.c (a), 35.3.c (b) and 35.3.c (c). 

Table 35.3.a. Values of NRk=fy Ai, Mi,Rk=fy Wi and ΔMi,Ed in the expressions for buckling 
checks 

Class 1 2 3 4 

A A A A Aef 

Wy Wpl,y Wpl,y Wel,y Wef,y 

Wz Wpl,z Wpl,z Wel,z Wef,z 

ΔMy,Ed 0 0 0 eN,y·NEd 

ΔMz,Ed 0 0 0 eN,z·NEd 
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Table 35.3.b (a). Method 1. Interaction factors kij 

Interaction 
coefficient 

Design assumption 
Elastic properties, 

sections of class 3 or 4 Plastic properties, sections of class 1 or 2 
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with 

with 

= non-dimensional slenderness of lateral buckling under a uniform moment, i.e. where 
in Table 35.3.b (b); 
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LTλ = non-dimensional slenderness of lateral buckling. 
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Cmi,0 see Table 35.3.b (b);
 

for sections of classes 1, 2 and 3;
 
yel,Ed

Edy ,
y W

A
N

M
ε 

yef,

ef

Ed

Edy ,
y W

A
N

M
ε  for sections of class 4; 

Ncr,y critical elastic axial force for buckling due to bending about the y-y axis;
 

Ncr,z critical elastic axial force for buckling due to bending about the z-z axis;
 

Ncr,T critical elastic axial force for buckling due to torsion;
 

lt uniform torsion module;
 

ly buckling inertia about the y-y axis;
 

C1 C1 may be obtained approximately from the following expression: 
 2

1
1

ck
C 
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Table 35.3.b (b). Method 1. Cmi,0 factors for obtaining the uniform equivalent moment 

to deformation due to torsion 

Mi,Ed(x) is the maximum moment My,Ed or Mz,Ed 
according to a first-order analysis 

xδ

Table 35.3.c (a). Method 2. Interaction factors kij for members that are not susceptible 

Interaction 
coefficient 

Section type Design assumption 
Elastic properties, sections of 

class 3 or 4 
Plastic properties, sections of 

class 1 or 2 

kyy 

For double T 
(I) 

Rectangular 
hollow 
sections 
(RHS) 

zzkkyz 

I 

RHS 

kzy 

I 

RHS 

kzz 

I 

RHS 

N.B.: For double T sections (I or H sections) and for rectangular hollow sections that are 
subjected to axial and uniaxial bending My,Ed, the factor kzy may be taken as being equal to zero. 
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deformation due to torsion 

(a) 
uses the value in Table 35.3.c 

(a) 
uses the value in Table 35.3.c 

(a) 
n Table 35.3.c uses the value i

(a) 
uses the value in Table 35.3.c 

1 or 2 
Plastic properties, sections of class 

3 or 4 
Elastic properties, sections of class 

Design assumption 

for members that are susceptible to ij Table 35.3.c (b). Method 2. Interaction factors k

Interaction 
coefficient 

0.4λz 

kyy 

kyz 

kzy 
For : 

kzz 
uses the value in Table 35.3.c 

(a) 
uses the value in Table 35.3.c 

(a) 

Table 35.3.c (c). Method 2. Cmi factors for obtaining the uniform equivalent moment 

Moment diagram Range 

Uniform load Concentrated load 

N.B.: - using method 2, for members with sway buckling, the following shall be 
used: Cmy = 0.9 or Cmz = 0.9; 

- using method 2, Cmy, Cmz and CmLT 
the diagram of bending moments 
restraints: 

must be obtained in accordance with 
existing between the corresponding 

Equivalent moment 
factor 

Bending 
axis 

Direction of 
restraint 

Cmy 

Cmz 

CmLT 

y-y 
z-z 

y-y 

z-z 

y-y 
y-y 
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For simplicity, verifications may always be performed in the elastic range, using 
either of the two alternative methods presented. 

Furthermore, for any cross-section of the analysed member that is subjected to 
bending and compression, the resistance criteria set out in Section 34 shall be 
checked. 

For checking situations not considered in this subsection (subsection 35.3), such 
as members with a non-uniform cross-section, members with complex contour 
conditions, etc., the general method of second-order analysis shall be used, 
considering the provisions of Sections 22 and 24. 

35.4. Flat members longitudinally stiffened 

The structural response of cross-sections with members longitudinally stiffened 
essentially depends on those members. In the majority of cases, they are compressed 
flanges in box sections. In order to consider a width adequate for the purposes of 
determining its structural response and that of the cross-section with which it is 
assembled, such members are longitudinally stiffened. The extent to which longitudinal 
stiffening increases resistance to the member and to the actual cross-section depends 
on the stiffness of the longitudinal stiffeners themselves, according to their inertia and 
the distance between transverse stiffeners. 

35.5. Shear buckling of the web 

35.5.1. General 

This subsection considers the effects of panel buckling caused by shear stresses 
where the following criteria are met: 

–		 the panels are rectangular (an inclined panel shall be considered rectangular for 
this purpose if the angle is less than 10°); 

–		 there may be longitudinal and/or transverse stiffeners; 

–		 all the holes are small; 

–		 the members are of uniform section. 

For panels subjected to shear, resistance to buckling must be checked where 
their slenderness is such that: 

for unstiffened web panels; 

for stiffened web panels (see subsection 35.5.2.1), 

where: 

hw web panel height (internal distance between flanges; see Figure 35.5.2); 

tw web thickness; 

kτ factor for shear buckling (see subsection 35.5.2.1); 
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η 	 factor that allows the additional resistance offered by a plastic hardening 
system through deformation of the material to be considered. 

For unstiffened web panels with slenderness of and stiffened web ε
η
72

t
h

w

w 

panels with slenderness of η
w

w kε
η
31

t
h

 , there must be transverse stiffeners at the 

supports. 

35.5.2. Resistance to shear buckling 

For webs that are subjected to shear, whether with stiffeners or not, the design 
value of the shear force for the web Vw,Ed should verify: 

qVEd ≤ Vb,Rd 

where: 

VEd design value of shear force, including shear due to torsion; 

Vb,Rd design resistance for web buckling; 

where hw, tw and η have the meanings given previously.
	

The term Vbw,Rd (see subsection 35.5.2.1) represents the contribution from the
 
web and is given by: 

The term Vbf,Rd (see subsection 35.5.2.2) represents the contribution from the 
flanges to resistance to local buckling of the member due to shear. 

Stiffeners and welding must verify the requirements specified in subsections 
35.9.3 and 35.9.3.5 respectively. 

Notation of cross- a) End post without b) Rigid end post c) Non-rigid end 
section stiffener post 

Figure 35.5.2. Classification criterion for end supports 
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The conditions for rigid panels apply to panels for intermediate supports in 
continuous beams. 

35.5.2.1. Contribution from the web 

For webs with transverse stiffeners at support only and for webs with either 
intermediate transverse stiffeners or longitudinal stiffeners, or both, the factor χw for the 
contribution from the web to shear buckling resistance may be obtained using Table 
35.5.2.1 or Figure 35.5.2.1.a.
 

Table 35.5.2.1. Factor χw for the contribution from the web to shear buckling resistance
 

Rigid end post Non-rigid end post 

0.83/ηλw  η η

wλ0.83/ wλ0.83/

08.1λw   wλ/0.71.37/  wλ0.83/

The conditions relating to stiffeners for rigid and non-rigid end panels are given in 
subsection 35.9.3. 

1 Rigid end panel 2 Non-rigid end panel 3 Range of η 

Figure 35.5.2.1.a. Factor χw for the contribution from the web to shear buckling 
resistance 

The slenderness of the web wλ , which appears in Table 35.5.2.1 and Figure 
35.5.2.1.a, is given by the following expression: 
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where: 


τcr critical shear buckling stress, obtained using the following expression:
 

where: 

ı E Euler‟s critical stress: 

kτ	 factor for shear buckling. For flat members with rigid transverse 
stiffeners and without longitudinal stiffeners or with more than two 
longitudinal stiffeners, this factor is obtained in accordance with the 
following expressions: 

kτ = 5.34 + 4.00 (hw/a)2 + kτsl for a/hw≥ 1.0; 

kτ = 4.00 + 5.34 (hw/a)2 + kτsl for a/hw< 1.0, 

with: 4

3

w
3

w

sl
2

w
ηsl ht

l
a

h9k





















 being not less than: 3

w

sl

w h
l

t
2,1

where: 

a 	 distance between transverse stiffeners (see Figure 35.5.2.1.b(a)); 

Isl	 second moment of area of longitudinal stiffener about the z-z axis (see 
Figure 35.5.2.1.b(b)). For web panels with longitudinal stiffeners, not 
necessarily equally spaced, Isl is the sum of the stiffness of the individual 
stiffeners. 

For web panels with one or two longitudinal stiffeners, if the aspect ratio satisfies 
that Χ = a/hw ≥ 3, the shear buckling coefficient kτ may be obtained using the 
expression above. For web panels with one or two longitudinal stiffeners and an aspect 
ratio of Χ = a/hw < 3, the shear buckling coefficient kτ may be obtained using the 
following expression: 
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1 Rigid transverse stiffener 2 Longitudinal stiffener 3 Non-rigid transverse stiffener 

Figure 35.5.2.1.b. Web with transverse and longitudinal stiffeners 

obtained using the following: 
For webs with transverse stiffeners at supports only, the slenderness wλ may be 

For webs with transverse stiffeners at supports and intermediate transverse 
stiffeners or longitudinal stiffeners, or both, the slenderness wλ may be obtained using 
the following: 

where kτ is the minimum shear buckling coefficient for the web panel. 

When non-rigid transverse stiffeners are used in addition to rigid transverse 
stiffeners (see Figure 35.5.2.1.b), there must be an evaluation of the web panels 
between any of the stiffeners (e.g. a2 x hw and a3 x hw) and the web panels between 
two adjacent, rigid transverse stiffeners that contain non-rigid transverse stiffeners (a4 x 
hw) and a verification on buckling using the smaller coefficient kτ. 

The slenderness wλ of web panels with longitudinal stiffeners shall not be 
smaller than that of the sub-panel with the greatest slenderness of all the sub-wiλ
panels into which the panel being studied has been divided (see Figure 35.5.2.1.b): 

The shear buckling coefficient kτι refers to the sub-panel with the greatest 
slenderness. The expressions given above may be used to obtain this coefficient, 
taking kτsl = 0. 
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35.5.2.2. Contribution of flanges 

Where the flange resistance is not completely utilized in resisting the bending 
moment (MEd < Mf,Rd ), contribution from the flanges may be considered in order to 
obtain the design shear buckling resistance. Such a contribution shall be obtained 
using the following expression: 

where: 

bf and tf	 are taken for the flange which provides the least axial 
resistance, where bf is not larger than 15İt f on each side 
of the web; 

M0

Rkf,
Rdf, γ

M
M  moment of resistance of the cross-section, consisting on 

the effective area of the flanges only; 
















yw
2
ww

yf
2
ff

fht
ft1.6b

0.25ac distance of anchoring from the diagonal field of tensile in 

the flange; 

fyf and fyw	 yield strength of the steel of the flanges and web 
respectively. 

If the member is to be subjected to a design axial force NEd, the value of Mf,Rd will 
thus be reduced, by multiplying it by the factor: 

where Af1 and Af2 are the areas of the flanges. 

35.6. Resistance of the web to transverse concentrated loads 

For stiffened or unstiffened webs of rolled beams or welded girders subjected to 
transverse concentrated loads applied through a flange, the design value of the 
transverse force applied shall satisfy the following: 

FEd ≤ FRd 

where: 

FEd design value of the transverse force applied; 
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M1

wyFyw
Rd γ

tlχf
F  value of the resistance of the web to transverse 

concentrated loads; 

where: 

ly effective load length; 

χF reduction factor for local buckling under a concentrated load; 

tw web thickness; 

fyw yield strength of the steel of the web. 

In any case, it must be ensured that the flanges stay in position in the lateral 
direction, whether by its actual stiffness or the existence of restraints. 

The reduction factor χF for local buckling under a concentrated load is determined 
using the following expression: 

where: 

w

3
w

Fcr h
t

Ek0.9F  Critical transverse load of local buckling of the web under 

a concentrated load. 

For webs without longitudinal stiffeners, the coefficient kF shall be obtained using 
the diagrams set out in Figure 35.6.a. These diagrams consider the three methods 
considered for applying loads: 

a)	 force FS applied through one flange and resisted by shear forces in the 
web (see Figure 35.6.a(a)); 

b)	 force FS applied through one flange and transferred through the web 
directly to the other flange (see Figure 35.6.a(b)); 

c)	 force FS applied through one flange adjacent to an unstiffened end (see 
Figure 35.6.a(c)). 
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Type (a) Type (b) Type (c) 

Figure 35.6.a. Local buckling coefficients for different types of load application 

For box girders with inclined webs, the resistance of both, the web and the 
flange, shall be checked considering the components of the transverse concentrated 
load applied in the plane of the web and the flange. 

The effective loaded length ly depends on the way in which the load is applied 
and the length of the flange ss to which the load is applied directly, assuming 
distribution at 45°. In any case, ss shall be smaller than hw (see Figure 35.6.b). 

Figure 35.6.b. Flange length to which the distributed load is applied 

and The length ly shall be calculated using the non-dimensional parameters m1 
m2: 

2

f

w
2 t

h
0.02m 








 if 

if 0m2 

For box girders, the value of bf shall be limited to 15·İ· tf on each side of the web. 

For cases a) and b) in Figure 35.6.a, the length ly is obtained as: 
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where ly is not larger than the distance between adjacent transverse stiffeners. 

For case c) in Figure 35.6.a, the length ly shall be obtained as the smaller result 
of the following expressions: 

with cs
h2f

Etkl s
wyw

2
wF

e 

where ly is not greater than the distance between adjacent transverse stiffeners. 

35.7. Interaction 

35.7.1. Shear force, bending moment and axial force 

Where 
Rdbw,

Ed
V

V (see subsection 35.5.2) is less than or equal to 0.5, the design 

resistance to bending moment and axial force need not to be reduced to allow for this 
shear force. 

If, on the other hand, 
Rdbw,

Ed
V

V is more than 0.5, the combined effects of bending and 

axial force and shear force in the web of an I section or box girder shall satisfy the 
following expression: 

where MEd ≥Mf,Rd 

where: 

MEd	 design value of the bending moment; 

Mf,Rd	 design plastic moment resistance of the section, consisting of the 
effective area of the flanges only; 

Mpl,Rd	 design plastic moment resistance of the bending section, consisting of 
the effective area of the flanges and the fully effective web, irrespective 
of its section class. 

The expression in subsection 35.5.2 and the following expression shall also be 
satisfied: 
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The evaluation of the effects of the actions, NEd and MEd, must include second-
order effects where relevant. 

The interaction verification shall be satisfied at all sections located at a distance 
greater than hw/2 from a support with vertical stiffeners. 

The design plastic resistance of the section considering the flanges only, Mf,Rd, is 
obtained as the product of fy/γM0 and the effective area of the flange, taking the smallest 
value corresponding to one of the flanges and the distance between the centroids of 
the flanges (see subsection 35.5.2.2). 

If an axial force NEd is present, Mpl,Rd shall be the effective design plastic moment 
resistance due to the existence of an axial force, MN,Rd, defined in subsection 34.7.2.1, 
and the value of Mf,Rd shall be reduced in accordance with 35.5.2.2. 

When the axial force is so large that the whole web is in compression, the 
following shall apply. A flange in a box girder shall be verified taking Mf,Rd=0 and using 
the value of the mean shear stress in the flange as the design shear stress τEd. This 
value shall not be less than half the maximum shear stress in the flange. The checking 
shall then be carried out using the following expression: 

In addition, the sub-panels shall also be checked using the mean shear stress 
within the sub-panel, and determining χw for shear buckling of the sub-panels in 
accordance with subsection 35.5.2.1, assuming the longitudinal stiffeners to be rigid. 

35.7.2. Concentrated transverse loads, bending and axial force 

If the structural member is subjected to a concentrated transverse force acting on 
the compression flange in conjunction with bending and axial force, the following 
expression shall be used to check the interaction: 

The expression in subsection 35.6, on the verification for concentrated transverse 
loads, shall also be checked, as shall the following expression on the verification for 
bending and axial compression force: 

If the concentrated load acts on the tensioned flange, it shall be verified in 
accordance with subsection 35.6, as well as the expression in subsection 34.1.1. 
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35.8. Local web buckling induced by the compressed flange 

To prevent the web buckling under shear stresses transmitted by the compressed 

flange due to its deformation by bending, the web slenderness 
w

w
t
h shall satisfy the 

following criterion: 

where: 

Aw web area; 

Afc,ef effective area of the compression flange; 

fyf yield strength of the steel in the compression flange. 

The value of factor k shall be taken as follows: 

– k =0.3 where the plastic rotation capacity is utilized; 

– k =0.4 where the plastic moment resistance is utilized; 

– k =0.55 where the elastic moment resistance is utilized. 

When the girder is curved in elevation, with the compression flange on the 
concave face, the criterion to be satisfied shall then be: 

where r is the radius of the curvature of the compression flange. 

35.9. Stiffeners 

35.9.1. General 

This subsection gives design rules for stiffeners in plated structures, which 
supplement the criteria already given for local buckling and concentrated loads 
(subsections 35.4, 35.5, 35.6 and 35.7). 

When the buckling resistance is verified, the cross-section of a stiffener may be 
taken as the gross area comprising the stiffener plus a width of plate equal to 15İ t on 
each side of the stiffener, but not more than the actual dimension available, avoiding 
any overlap of contributing parts to adjacent stiffeners (see Figure 35.9.1). 
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Figure 35.9.1. Cross-section of a stiffener 

The axial force acting on a transverse stiffener shall be obtained depending on 
the shear force and any concentrated load applied to it. 

35.9.2. Direct stresses 

In order to provide a rigid support for a plate with or without longitudinal stiffeners, 
intermediate transverse stiffeners shall meet certain minimum stiffness and resistance 
conditions. 

Therefore, both transverse and longitudinal stiffeners shall satisfy certain 
requirements in order to avoid buckling due to torsion. 

35.9.3. Shear 

35.9.3.1. Rigid end post 

A rigid end post (see Figure 35.5.2) shall act as a bearing stiffener, resisting the 
reaction from the supports (see subsection 35.9.4), and as a short beam resisting the 
longitudinal membrane stresses on the web plane. 

A rigid end post may be comprised of two double-sided transverse stiffeners that 
form the flanges of a short beam of length hw (see Figure 35.5.2, case b)). The web 
panel between the stiffeners forms the web of this short beam. Alternatively, the rigid 
end post may be in the form of a rolled section, connected to the end of the web plate, 
as shown in Figure 35.9.3.1. 

1. Inserted beam 

Figure 35.9.3.1. Rolled section forming a stiff end post 
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Each double-sided transverse stiffeners consisting of flats shall have a cross-

sectional area of at least 
e
t4h 2

ww where e is the distance between the centres of 

stiffeners, which must be e > 0.1·hw. 

Where a rolled section other than flats is used for the end post, its bending 
resistance module around a horizontal axis perpendicular to the web must be at least 

. 2
ww t4h

35.9.3.2. Stiffeners acting as non-rigid end posts 

A non-rigid end may be a single doubled stiffener on both sides of the web, as 
shown in Figure 35.5.2, case c). This may act as a bearing stiffener and resist the 
reaction (see subsection 35.9.4). 

35.9.3.3. Intermediate transverse stiffeners 

Intermediate stiffeners that act as rigid supports to interior panels of the web shall 
be designed for strength and stiffness. Where flexible stiffeners are used, their stiffness 
shall be taken into account when calculating kτ (see subsection 35.5.2.1). 

The effective section of intermediate stiffeners acting as rigid supports for web 
panels (zero deformation line) shall have a minimum second moment of area of Ist, 
such that: 

if : 2

3
w

3
w

st a
t1.5h

I 

if : 

35.9.3.4. Longitudinal stiffeners 

If longitudinal stiffeners are taken into account in the stress analysis, they shall be 
checked for direct stresses for the cross-sectional resistance. 

35.9.3.5. Welds 

Flange-web welds may be checked for shear flow 
w

Ed
h
V wherever the design 

shear force value shows that . 

For design shear force values above this limit, welds between webs and flanges 

shall be designed for shear flow of 
M1

wyw

γ3
tηf

. 

In all other cases, the welds shall be designed to transfer the relevant forces 
between the components that are to be joined, taking account of the analysis method 
and second-order effects. 
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35.9.4. Concentrated transverse loads 

If the design resistance of an unstiffened web to concentrated transverse loads is 
insufficient, transverse stiffeners should be provided. 

The buckling resistance of a transverse stiffener subjected to a concentrated 
transverse load and a shear force (see subsection 35.9.3.3) shall be determined in 
accordance with subsection 35.3, using buckling curve c and a buckling length of not 
less than 0.75 hw, where both ends are assumed to be fixed laterally. Where the 
contour conditions provide less end restraint, a larger value shall be used for the 
buckling length. If the stiffeners have cut outs at the loaded end, their resistance 
checking will consider such cut outs. 

Where single sided or other asymmetric stiffeners are used, the resulting 
eccentricity shall be taken into account when applying subsection 35.3, or when 
applying the general method for calculating the buckling of structural members. If it is 
assumed that the stiffeners proved lateral restraint to the compression flange, they 
should comply with the stiffeners and strength criteria in the design for lateral torsional 
buckling . 
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CHAPTER X. SERVICEABILITY LIMIT STATES
 

Section 36. Bases 

Steel structures shall be designed, constructed and maintained so as to ensure 
that all the requirements for serviceability limit states set out in subsection 8.1.3 are 
satisfied. 

The slip limit state in pre-loaded bolts applies to joints with high-strength bolts 
designed in Category B and under the conditions given in subsection 58.2. 

The applicability of transverse deformation limit states to slender panels and local 
plastification is usually limited to structures or structural members subjected to 
repeated significant overloads. 

36.1. Serviceability limit states for buildings 

The serviceability limit states for buildings essentially relate to the stiffness of 
their floors and covers and to the lateral stiffness of the structure itself, so limits on their 
vertical and horizontal deflections are set out in 37.2. 

For public or industrial structures, it may also be necessary to check for vibrations 
in accordance with subsection 38.2. 

When fasteners are designed with pre-loaded, high-strength bolts of Category B, 
as defined in subsection 58.2, sliding for service conditions shall be checked, in 
accordance with Section 39. 

Apart from some special cases of structures or structural members in buildings 
that are subjected to repeated significant overloads, Sections 40 and 41 do not usually 
apply. 

36.2. Serviceability limit states for bridges 

In addition to the serviceability limit states discussed in subsection 36.1, it is 
always necessary for bridges or walkways to check the transverse deformation limit 
state in slender panels and the local plastification limit state, in accordance with 
Sections 40 and 41 respectively. 
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36.3. Design models 

In general, the structural response for the serviceability limit state checks shall be 
obtained on the basis of an elastic global analysis of the structure (see Section 19). 

The combinations of actions to be considered shall be appropriate for the checks 
set out in the following subsection. 

Where relevant, the structural analysis shall consider any possible thermal effect, 
rheological conditions, deviations in level or settlement of supports, pre-stressing by 
cables, or any other elastic pre-loading applied to the structure. 

The structural analysis shall be performed using gross sections (without 
discounting any holes), taking into consideration any significant effects of shear lag 
through the effective widths set out in subsections 21.3 and 21.4. 

Approximate calculation models may be used wherever the simplifications made 
are conservative or if is sufficiently justified that they will not affect the results of the 
verification. 

36.4. Design requirements 

In addition to the verifications defined in this Chapter (Chapter X), the 
requirements set out in Section 5 for the working life of the structure demand a design 
strategy considering its durability. The basis of this strategy is discussed in subsection 
8.2 and Chapter VII, depending on the structure‟s exposure conditions. 

For bridges and all structural members of particular significance, it must usually 
be ensured that details are designed correctly so as to minimise the risk of corrosion of 
the steel structure, whilst also facilitating its inspection, maintenance and, if required, 
the replacement of certain members, such as supports, joints, cables, anchoring, etc. 

All bridge decks must be made sufficiently impermeable so as to prevent water 
from entering the structure. The drainage system must be designed depending on the 
extension of the deck and the expected volume of water that is to be evacuated, taking 
account of the deck slope as well as the location and capacity of the outlet systems. 

The design shall anticipate and provide for easy maintenance and cleaning of the 
drainage system so as to avoid obturation. 

For closed and inaccessible sections, and unless it is completely sealed by 
welding or any other system, it shall be ensured that the interior is suitably protected, in 
accordance with subsection 31.2, and that details are designed so as to ensure the 
evacuation of water leakage. 

Section 37. Deformation limit state 

37.1. General considerations 

The deformation limit state is satisfied if movements (displacement or rotation) in 
the structure or structural members are less than specific maximum limit values. 
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The deformation limit state shall be verified in cases where deformation may 
affect the aesthetic, functionality or durability of the structure itself or of the members 
that it supports. 

Deformation shall be studied for the relevant service conditions, depending on 
the problem to be examined, in accordance with the combination criteria set out in 
subsection 13.3, and actions defined by the instructions or regulations that may apply. 

If the functionality or deterioration of the structure, machinery, equipment or non-
structural members (e.g. partitions, enclosures, railings, services, installations and 
floors) may be deemed to be affected by deformation, the verification shall be limited to 
the effects of permanent or variable loads that are applied after the relevant member 
has been set up. 

If the aesthetics or appearance of the structure is considered, it shall be checked 
using a semi-permanent combination of actions. 

If an analysis is performed on the comfort of the user or proper functioning of 
equipment under dynamic effects resulting from deformation (machinery, pedestrians, 
vehicles, trains, etc.), only the effects of relevant overloads shall be taken into account. 

The maximum permitted values for deformation depend on the type and function 
of the structure, the functional and comfort requirements that must be satisfied and any 
conditions that may involve other non-structural members supported by it, and these 
may in turn be affected by the type or process used for fixing or assembly. 

For these reasons, and unless otherwise prescribed by the instructions or 
regulations in force, the limit values recommended in this Section (Section 37) shall be 
semi-empirical and indicative. Alternatively, the maximum limit values for each design 
may be agreed between the Owner, the Designer, or, where relevant, the competent 
government body, according to its particular characteristics. Such values must appear 
explicitly in the design report and/or plans, together with the possible technical, 
construction or architectural requirements associated with such limit values, if any. 

For steel structures, where significant deformation is expected under permanent 
loads, it may be advisable or even necessary (e.g. for bridges) to establish an initial 
camber at the workshop of structural steel members, so as to counteract, wholly or 
partly, any permanent, instantaneous or delayed deformation, as well as, in some 
cases, semi-permanent part of deformations owing to global overload. 

The following definitions are given for verifying vertical deformations in 
accordance with the diagram in Figure 37.1.a, where 

Figure 37.1.a. Definition of vertical deflection
 

wc camber for the structural steel member at the workshop (unloaded);
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w1 initial deflection under all permanent loads acting on the structure;
 

w2 delayed deflection under permanent loads;
 

w3 deflection owing to the action of overloads, under the relevant
 
combination of actions; 

wtot total deflection, sum of (w1+w2+w3); 

wmax total apparent deflection, discounting the camber (wtot-wc); 

wactive active deflection, usually the sum of (w2+w3) = (wtot-w1). 

When evolving construction processes, and in order to evaluate more accurately 
the risk of deterioration of a member (part, floor, enclosure, etc.), the active deflection 
shall also consider the possible part of w1 owing to permanent loads applied to the 
structure after the construction or installation of that member. 

The diagram in Figure 37.1.b is for verifying horizontal deformations. 

Figure 37.1.b. Definition of horizontal deformation 

In this Figure, the values of u and ui mean: 

u total horizontal deflection of the building or structure of height H; 

ui relative horizontal deflection between floor layouts for each level or 
storey of height Hi. 

37.2. Limits for deformation in buildings  

A structure shall have acceptable deformations when meets the deflection limits 
laid down by the specific regulations in force. For building structures, the limits given in 
the Basic Document “Structural Safety” in the Technical Code on Building shall apply, 
in accordance with subsection 5.1.1.2 of this Code. 
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37.2.1. Vertical deformation 

For building structures, the limits given in Section 4.3.3 of the Basic Document 
“Structural Safety” in the Technical Code on Building shall apply. 

In rail beams for crane frames, the maximum active deflection shall not exceed a 
value of L/700, although it is recommended to set a specific value limit for each 
particular design, depending on the use of the structure and the type of equipment. 

37.2.2. Horizontal deformation 

For building structures, the limits given in Section 4.3.3 of the Basic Document 
entitled “Structural Safety” in the Technical Code on Building shall apply. 

In rail beams for crane frames, the maximum horizontal deflection may be limited 
to L/800 for guideline purposes, although it is recommended to set a specific value limit 
for each particular design, depending on the use of the structure and the type of 
equipment. 

It is also worth limiting the maximum horizontal deflection at the heads of rail 
beam supports to h/300, as a guideline, where h is the actual height of the support. The 
difference in horizontal displacement at the head between two facing supports must 
also not exceed 20 mm. 

37.2.3. Water evacuation requirements 

It shall be ensured that rainwater is drained properly from ceilings, as well as 
from open-air platforms, car parks, etc. 

It is therefore advisable that the design and monitoring of execution of the 
structure for surfaces of this type ensure slopes of not less than 5 % leading up to 
water evacuation points correctly positioned, so as to prevent pools from forming. 

The design and monitoring of execution of the structure shall take account of the 
following: 

- tolerances and errors in execution and assembly; 

- deformation of the roof or floor members; 

- deformation of the structure supporting the surface that is to be drained; 

- any camber for resistant members. 

Where the slope is less than 3 %, additional calculations shall be performed to 
check that there are adequate margins of safety under the action of additional water 
loads owing to: 

- formation of pools due to deformation of resistant members, as well as of the 
roofing materials; 

- snow build-up. 

TITLE 4 page 52 



     

    

       
       

  

          

          
  

       

            

        

        
   

          
        

 

         
        

        
  

        
        

      
         

         
      

       
          

    

   

      
         

    

           
          

         

      

      

   

37.3. Deformation limits for bridges and walkways 

Monitoring deformation (displacement and rotation) in bridges and walkways shall 
ensure that the structure has an adequate appearance and functionality, avoiding the 
following: 

–		 amplified or unwanted dynamic effects owing to the impact of traffic; 

–		 damage of surfacing layers on road bridges, or of ballast and tracks on railway 
bridges; 

–		 changes affecting the proper functioning of the drainage system; 

–		 inadequate visual effects of the final geometry of the structure; 

–		 sensations that concern the comfort of users; 

–		 changes to the final slope conditions (plane, elevation, bank) in relation to the 
alignments planned in the design; 

–		 effects on the functioning and durability of joints, supports, railings, installations, 
etc. that are very sensitive to turn or sudden changes in gradient of the deformed 
structure. 

The design shall define some theoretical cambers for execution, such that for all 
permanent loads and half of the rheological effects and any overloads included in the 
semi-permanent combination, the final slope of the structure corresponds to the 
planned geometry. 

The design shall define with complete precision the separate phases of assembly 
and loading of the structure for which the camber for execution have been obtained. 
Any variation in the assembly process or sequences in relation to the design shall 
require the camber to be recalculated, and it shall be submitted to and approved by 
Project Management before initiating any operations involving the shearing or cutting of 
sheets or beams at the workshop. 

The permitted tolerances for execution or assembly in relation to the theoretical 
directrix for the design shall be adapted to Chapter XVIII of this Code or the relevant 
regulations and instructions in force. 

37.3.1. Road bridges and walkways 

The specific criteria for checking deformation in service of road bridges and 
walkways may be adapted to the Code for Actions in Design of Road Bridges (IAP), in 
accordance with subsection 37.1. 

For road bridges, it is recommended that the deck stiffness be such that, under 
the action of the frequent value for traffic overloads set out in that Code (IAP), the 
corresponding deflection for such overloads does not exceed the following values: 

L/1000 on road bridges; 

L/1200 on urban bridges with crosswalks, 

where L is the span. 
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On road bridges with decks that have significant lateral cantilevers, or transverse 
flexibility in sections with expansion joints, it is recommended to check that the 
maximum transverse deformation under the action of the frequent value of traffic 
overloads does not exceed 5 mm, unless there are alternative technical specifications 
from the supplier of the joints. 

For walkways, it is recommended to check that the deflection owing to the action 
of the frequent value of overloads due to the passing of pedestrians, set out in the 
Code for Actions in Design of Road Bridges (IAP), does not exceed a value of L/1200, 
where L is the span. 

37.3.2. Railway bridges 

The specific criteria for checking deformation in service of railway bridges may be 
adapted to the Code for Actions in Design of Railway Bridges (IAPF), in accordance 
with subsection 37.1. 

37.3.3. Deck drainage requirements 

The final geometry of the bridge, deformed under all the permanent loads, shall 
be checked to eliminate any areas where water could accumulate, depending on the 
planned drainage system. 

Where the drainage system affects all or part of the inside of closed sections of 
the bridge, preventative measures shall be established so as to avoid any 
accumulation of water inside the deck owing to failure of this system. 

Section 38. Vibration limit state 

38.1. General considerations 

Vibrations may affect the functionality or durability of structures under service 
conditions. 

The adequate response of a structure in service, or of an individual structural 
member, shall ensure the following: 

–		 the comfort of users; 

–		 the absence of any deterioration in the structure itself, or in non-resistant 
members that it supports, caused by dynamic effects; 

–		 proper functioning and durability of any machinery, services, installations, etc. 
that are sensitive to such phenomena. 

The dynamic effects to be considered may be caused by machinery, 
synchronised movements of people (walking, running, dancing or jumping), road or 
railway traffic overloads, vibrations in adjacent ground (e.g. caused by traffic nearby), 
wind and waves. Such effects may be amplified by resonance conditions. 

In order to limit the vibration effects in structures, the values of their natural 
frequencies or of individual structural members shall, as far as possible, be sufficiently 
far away from (usually higher than) the frequencies of any sources of excitation, so as 
to avoid any resonance phenomena. 
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For structures or structural members with natural frequencies that are low or 
close to those of the excitation, the criteria set out in this subsection may not be 
adequate or sufficient, and a precise dynamic analysis of the structural response 
(amplitudes, speeds and acceleration) shall be performed, including the effects of 
damping. 

Where the dynamic effects may be relevant, the Design Report shall explain the 
checks, analyses and acceptance criteria used, which may differ from the 
recommendations in this subsection with the prior agreement among the Designer, the 
Owner and any competent government body. 

For these reasons, and unless otherwise prescribed by the instructions or 
regulations in force, the values recommended in this Section (Section 38) shall be 
semi-empirical and indicative. Alternatively, the permitted values for each design may 
be agreed between the Owner, the Designer, or, where relevant, the competent 
government body, according to its particular characteristics. Such values must appear 
explicitly in the Design Report and/or Plans, together with the possible technical, 
construction or architectural requirements associated with such limit values, if any. 

38.2. Checking vibrations in buildings for public use 

The level of vibrations in structures that are open to the public shall be limited so 
as not to affect the comfort of users and, in certain cases (e.g. laboratories and 
hospitals), the proper functioning of precision equipment. 

38.3. Checking vibrations for bridges and walkways 

Bridges and walkways shall fulfil the requirements for serviceability limit states 
under dynamic effects owing to traffic, railway, pedestrian, bicycle and wind loads. 

Vibrations in bridges and walkways must not cause distress to passengers in 
vehicles that are moving or stopped on the deck, nor to pedestrians. It is also worth 
limiting the noise emission levels owing to vibrations, especially on bridges and 
walkways located in urban areas. 

Such conditions are usually satisfied when the maximum vertical acceleration 
that may occur in any area or member that may be transited by pedestrians does not 
exceed certain limit values, depending on the degree of comfort required. 

This requirement only applies to walkways and bridges with crosswalks. In 
general, road bridges without crosswalks do not require checking on vibrations under 
service conditions, unless stipulated in subsection 38.3.1. 

Vibration checks on railway bridges, mainly on high-speed lines, shall meet 
stricter requirements, as discussed in subsection 38.3.3. 

38.3.1. Road bridges 

Verification of vibration limits in road bridges may be governed, in accordance 
with subsection 38.1, by the specific requirements laid down in the Code for Actions in 
Design of Road Bridges (IAP). 

In general, the deformation limit criterion set out in subsection 37.3.1 should lead 
to structures where the effect of vibrations is reduced and they may thus be considered 
as acceptable in terms of comfort. 
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It is therefore only necessary to verify the level of vibrations in road bridges: 

–		 when structures are designed that do not strictly satisfy the deformation limit 
value in subsection 37.3.1; 

–		 in urban bridges with crosswalks and heavy pedestrian traffic conditions; 

–		 in structures with unconventional, unique structural typology. 

38.3.2. Walkways 

Verification of vibration limits in walkways may be governed, in accordance with 
subsection 38.1, by the specific requirements laid down in the Code for Actions in 
Design of Road Bridges (IAP). 

In general, walkways are susceptible to vibration that may affect the comfort of 
pedestrians if the natural frequencies of the walkway fall within the following critical 
ranges: 

–		 for oscillation on the vertical plane: between 1.25 and 4.60 Hz; 

–		 for oscillation on the horizontal or torsion plane: between 0.50 and 1,20 Hz. 

It is not necessary to perform any dynamic vibration analysis on walkways with 
natural frequencies outside these critical ranges. 

For conventional walkways not covered by the following cases, where the natural 
frequencies for vibrations on the vertical plane are inside the critical range above, it is 
also not necessary to perform a dynamic vibration analysis, unless so ordered by the 
Owner, if the deformation limit value in subsection 37.3.1 is met. 

However, it is necessary to check that walkways have an adequate vibration 
response, by means of specific dynamic analysis, in certain cases such as: 

–		 unconventional, unique structures; 

–		 walkways with a span larger than 50 m; 

–		 walkways with a width larger than 3.0 m; 

–		 walkways located in areas where heavy pedestrian traffic may be expected or 
where there is a risk of crowds on the walkway itself; 

–		 walkways with natural oscillation frequencies inside the critical range for 
horizontal or torsional plane. 

It will be necessary to perform a specific dynamic analysis in these cases. The 
Designers shall agree with the Owner or, where relevant, the competent government 
body, the hypotheses for different dynamic loads that are to be analysed (pedestrians 
or groups of pedestrians walking in synchronisation, running, jumping, etc.) under static 
or temporary vibration conditions, including vandalism, as well as the maximum 
permitted dynamic amplitudes, speeds and acceleration for each situation, for comfort 
reasons. 
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Dynamic analysis shall also check the dynamic response against the hypothesis 
of asymmetric loads or, if deemed necessary, against any excitation from lateral 
displacement on the deck plane. 

Longitudinally, it is always worth establishing horizontal connections with the 
ground that are sufficiently stiff. 

38.3.3. Railway bridges 

Verification of vibration limits in railway bridges may be governed, in accordance 
with subsection 38.1, by the specific requirements laid down in the Code for Actions in 
Design of Railway Bridges (IAPF). Where relevant, the effects of vibration on the 
fatigue limit state verification of the steel members affected shall also be checked. 

38.4. Vibration caused by wind  

In general, conventional structures have sufficient stiffness so as not to be 
susceptible to the effects of dynamic excitation owing to wind action. However, where 
such action may cause significant vibration, the aero-elastic effects must be considered 
in accordance with the criteria set out in the relevant Code (CTE, IAP or IAPF). 

In certain structures with unconventional, unique resistance diagrams or great 
slenderness, it is necessary to analyse the response of the structure under the dynamic 
effects of resonance between wind turbulence and the structure's Eigen modes of 
vibration. This is generally the case for structures such as: 

–		 ceilings with a large span; 

–		 slender buildings of great height, generally close to or larger than 100 m; 

–		 bridges and walkways with spans larger than 200 m or 100 m respectively, or 
with ratios (span/depth) greater than 30 between points of zero moment; 

–		 slender piles of a height larger than 100 m; 

–		 bridges, suspension systems or stay systems with relatively close natural torsion 
and bending frequencies; 

–		 flexible members such as cables, bars or stays for suspended or stay structures, 
particularly if their geometrical slenderness is greater than 250. 

These verifications shall be carried out as part of the structural safety check. 

Section 39.	 Slipping limit state in joints with pre-loaded, 
high-strength bolts 

In the case of joints with high-strength bolts designed as category B according to 
subsection 58.2, it is permitted for the ultimate limit state to produce slipping in the joint 
and for the bolts to work to resist shear and flattening. 

For this type of Category B joint it is also necessary to check that there is no 
slipping in the serviceability limit state, under a combination of unlikely actions, in 
accordance with subsection 13.3: 
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Fs.Sd ≤ Fs.Rd, where Fs.Rd is the value given in subsection 58.8. 

The design load in service of the bolt, Fs.Sd, is obtained in this case using linear 
elastic methods, in accordance with Section 56. 

Section 40.	 Transverse deformation limit state in slender 
panels 

40.1. General considerations 

Under service conditions, it may be necessary to ensure that no significant 
transverse deformation appears in slender sheet panels, as a result of the development 
of instability (local buckling) in their compressed areas. This means limiting the risk of 
unacceptable consequences such as: 

–		 excessive bowing in panels, which may have a negative impact on the 
appearance of the structure or cause users to worry; 

–		 sudden changes in the panel‟s equilibrium configuration that cause noise or 
undesirable dynamic effects; 

–		 reduction in the elastic stiffness adopted by the global analysis models which 
may cause deviation in the results (forces, deformation) of such analyses, mainly 
if the affect compressed flange panels; 

–		 transverse breathing of panels, which in the event of repeated significant 
overloads, may cause longitudinal cracking by fatigue in lateral panel-fixing 
welds that are loaded by transverse vibrations of small amplitude but a large 
number of cycles. 

This Code only considers the serviceability limit state to be a test on the absence 
of any risk of fatigue from breathing of slender panels that are wholly or partly 
compressed. 

This verification is therefore not strictly necessary for structures subjected to 
predominantly static action, e.g. building structures or industrial sites. 

However, it shall be necessary to check all slender, compressed panel members 
for bridges, rail beams or any other structures that support repeated significant 
overloads. 

In general, it is only necessary to check whether panels comply with the instability 
limits during service phases in class 4 cross-sections (slender). An exception to this is 
sections where there is a slight change in the position of the neutral fibre and 
consequently in the extent and slenderness of the compressed areas of the panels 
between the elastic and collapse phases. This is the case for pre-loaded steel sections 
or partial steel sub-sections of mixed sections constructed in an evolutionary way. 

The Designer, or the Owner, may set out more restrictive values than those given 
in subsection 40.2 for the slenderness of compressed panel sheet areas, when a 
stricter limit to the initiation of instability process is decided, for appearance or 
psychological reasons, under the combination of actions that he considers appropriate. 
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In such cases, the minimum values for panel slenderness may be used, as 
justified by experience or the specialised technical literature. 

40.2. Panel stability check 

Fatigue due to panel breathing may be considered as acceptable where the 
following limit is complied with for a frequent combination of actions. 

For such a check, the evaluation of stresses that load the panels shall take 
account of all resistance factors that may be relevant, as given in subsection 41.1. 

For unstiffened sheet panels, it shall be checked that 

where: 

ı x, Ed, ser	 maximum panel compression for the frequent combination of actions; 

τEd,ser	 panel shear stress for the frequent combination of actions; 

ı cr,i=kı ı E	 the ideal critical direct stress for local buckling of the panel, regarded 
as hinged, obtained according to subsection 20.7; 

τcr,i= kτı E	 the ideal critical shear stress for local buckling of the panel, regarded 
as hinged, obtained according to subsection 35.5.2.1. 

In the case of longitudinally and/or transversely stiffened sheet panels, the 
preceding verification may be applied to the stresses and dimensions of each sub-
panel limited by the stiffeners, which are assumed to be super-rigid. 

If the stresses ı x, Ed, ser and/or τEd,ser vary throughout the panel, the panel may be 
checked for the values corresponding to the section situated at a distance equal to at 
least 0.4 a or 0.5 b of the transverse edge of the panel where the forces are greatest, 
where “a” is the longitudinal dimension of the panel and “b” the transversal dimension. 
The values of such stresses shall also not be less than 50 % of the maximum relevant 
value in the panel. 

It is not usually necessary to check the preceding limit in the case of road or 
railway bridges where the slenderness of the panels (or sub-panels of stiffened webs) 
is less than the following limit values: 

b/t ≤ 30 + 4.0 L, but b/t≤ 300, in road bridges; 

b/t ≤ 55 + 3.3 L, but b/t ≤ 250, in railway bridges, 

where “L” is the span length (m) and not less than 20 m, „t‟ is the thickness of the sheet 
and „b‟ is twice the height of the compressed panel (or sub-panel). The ratios (b/t) 
above do not apply to panels (or sub-panels) under simple or combined compression. 
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Section 41. Local plastification limit state 

41.1. General considerations 

Under service conditions, it may be necessary to limit the stress level in structural 
steel members in order to: 

–		 ensure a quasi-linear response by the structure under service loads, in 
accordance with the results obtained using the analytical models that are usually 
used for the various service checks for such structures, as well as for any 
loading tests; 

–		 delimit any signs of hysteresis and reduction in ductility owing to accumulation of 
plastic deformation remaining under repeated significant overloads; 

–		 avoid the risk of oligocyclic fatigue phenomena, under a reduced number of load 
cycles not covered by the fatigue checks in Chapter XI of this Code. 

It is not usually necessary to check the stress of class 3 or 4 cross-sections, 
wherever the elastic-plastic contribution of their tensioned areas is not considered for 
their resistance capacity in ultimate limit states. 

It is also not necessary to check whether this Section (Section 41) is fulfilled by 
structures loaded by predominantly static actions, e.g. building structures or industrial 
sites, and which are therefore not susceptible to fatigue. An exception to this is unique, 
load-bearing details or members, which are discussed below. 

It is necessary to check the local plastification limit state for: 

–		 all structural steel members in bridges, rail beams or any other structure, which 
support repeated significant overloads; 

–		 decks made up of orthotropic slabs loaded transversely to the plane; 

–		 in general, all load-bearing structural members with unique area or complex 
construction details that are likely to cause concentrations of principal stresses in 
two or three directions, such as areas where concentrated loads are applied, 
sudden changes in section, diaphragms, triangular structure nodes, anchoring of 
stay bridges, arch-deck joint nodes on arched bridges with a lower deck, details 
of joints on decks with transverse members of large cantilevers (e.g. metal 
trusses, tie-strut systems), etc. 

The evaluation of the stress states to be checked shall take account of all 
structural phenomena that may be relevant: 

–		 shear lag in wide flanges; 

–		 secondary effects by restraint deformation, such as secondary moment in 
triangular structures, for example; 

–		 distortion of open or closed sections; 

–		 warping restraint in members with open sections under warping or mixed 
torsional stress; 
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–		 self-balancing states of stress caused by differential thermal effects; 

–		 assembly sequences in evolutionary processes; 

–		 possible delayed redistribution in structures with mixed or concrete members; 

–		 loads owing to actions transversal to the member plane (wind, deviations owing 
to curvature, orthotropic slabs, etc.). 

In general, it is not necessary to consider second-order effects to obtain the 
stress levels in service of structural steel members. An exception is where orthotropic 
slabs are loaded perpendicular to the plane, in which case the bending moment of the 
longitudinal stiffness members shall be amplified, multiplying them by the factor 1/(1-
N/Ncr), where N is the axial compression force in service concomitant with the bending 
moment, and Ncr is the elastic, critical axial force (Euler‟s critical buckling load) of the 
stiffener member. 

41.2. Limitations for stress 

In cases where it is necessary to check the serviceability limit state of local 
plastification, in accordance with subsection 41.1, the maximum stresses under the 
unlikely combination of the most unfavourable actions must be limited to: 

The range of the above magnitudes due to the frequent overload combination 
shall also not exceed 1.5 times the preceding limits. 

For plane stress states, the comparative stress shall be limited to: 

Alternatively, with reference to the principal stresses, the limit value to be verified 
shall be: 

Furthermore, in the case of triaxial stress states, no principal stress may exceed 
1.4 times the yield strength of the steel, assuming undefined elastic performance of the 
steel. Triaxial stress states shall be avoided in all cases. 

In the case of slender sections (class 4), the stress check shall consider the 
effective section defined in subsection 20.7, but replacing the yield strength of the 
steel, fy, by the maximum compression stress in the panel affected under the frequent 
combination of service overloads. 
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CHAPTER XI. FATIGUE LIMIT STATE
 

Section 42. Fatigue limit state 

42.1. General 

Fatigue damage in a structural member is the initiation and/or propagation of 
cracks caused by repeated variation in stresses. 

The S-N curve method used by this Code is based on fatigue tests carried on 
specimens that are full-scale reproductions of the construction details and include the 
effect of geometric imperfections and residual stress owing to the manufacture and 
assembly of the structure (e.g. those of welding in chords that are welded according to 
good practice). 

The fatigue safety verification procedure covered by this Chapter applies to all 
structures made using steel, bolts, electrodes, etc. that meet the requirements given in 
Chapters IV, VI and VIII of this Code; it is assumed that the structure also satisfies the 
requirements of the Code that relate to other limit states. 

The use of construction details that allow stress flow without causing steep 
gradients, as well as a careful execution, reduces the probability of fatigue cracks 
initiating and propagation. 

Structures located in corrosive environments, such as marine environments, are 
not considered. Structures subjected to temperatures greater than 150 °C are also not 
considered. 

42.2. Symbols 

In addition to the general symbols used in this Code, this Chapter uses the 
following specific symbols: 

Δı nominal direct stress range; 

Δτ nominal shear stress range; 
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Δı C; ΔτC	 detail category: range of direct or shear stresseses the action of 
which causes fatigue failure of the detail if repeated two million 
times; 

Δı D; ΔτD	 fatigue limit: range of direct or shear stresses the action of which 
causes fatigue failure of the detail if repeated five million times; 

Δı L; ΔτL	 damage threshold: range of direct or shear stress the action of 
which does not contribute to fatigue failure of the detail; 

Δı C, red	 detail category corrected for the effect of size; 

γFf	 partial increase factor for the stress ranges; 

γMf	 partial fatigue resistance factor for detail categories Δı C and ΔτC, 
when they are used as the fatigue resistance value; 

m 	 inverse of the slope of the fatigue resistance curve. 

42.3. Fatigue verification 

42.3.1. Accumulated damage method 

exceed the respective limits of: 

In this Code, fatigue is checked using the accumulated damage method. 

Direct or shear stresses ranges owing to variable frequent actions ψ1Qk may not 

Nominal stresses are calculated considering linear performance, using the gross 
section without considering any effects of stress concentration. 

For each construction detail that is likely to experience fatigue damage, it shall be 
checked that the damage Dd accumulated by the detail as a result of the designed load 
cycles is equal to or less than unity (Palmgren-Miner rule): 

Dd ≤ 1 

where: 

where: 

N number of load cycles; 

Δı i and Δτi ranges of direct and shear components of stress in the ith load cycle; 
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Ñı (Δı) 		 number of consecutive times that the direct stress range Δı shall be 
applied to cause fatigue failure of the detail in accordance with the 
corresponding S-N curve reduced by the factor γMf; 

Ñτ(Δτ) 	 analogous value for shear stress range Δτ. 

The partial factor values depend on the structural integrity criterion adopted: 
tolerance to damage or guaranteed integrity. The first criterion requires redundant 
structures in terms of resistance, inspection plans and maintenance using measures to 
detect and repair cracks, and construction details that favour slow propagation of 
fatigue cracks and tolerate large crack widths. The guaranteed integrity criterion does 
not require any inspections or regular maintenance, and shall be used where the 
formation of cracks could rapidly lead to failure of the structure. 

42.3.2 Simplified method for bridges 

Alternatively, in certain types of structure such as bridges, the Codes for Actions 
in Design of Bridges (IAP, IAPF) define simplified load models for fatigue ultimate limit 
state verification. 

The fatigue condition to be checked in such cases is: 

and 

where: 

Δı c, Δτc	 detail category defined in subsection 42.2; 

γMf	 partial reduction factor for fatigue resistance defined in subsection 
42.4; 

γFf	 partial reduction factor for fatigue actions, with a value usually 
taken as equal to unity; 

Δı E,2, ΔτE,2	 equivalent stress ranges of constant amplitude, relative to 2 million 
cycles, that produce the same accumulated damage as stress 
oscillations of variable amplitude caused by the actual loads 
throughout the working life of the structure. 

The values Δı E,2 and ΔτE,2 are obtained from the loads in the simplified fatigue 
models and the actual traffic conditions: 

- static diagram of the structure and the line of influence of the effects of loads on 
the section or member being examined; 

- working life of the bridge; 

- actual traffic volume; 

- distribution of heavy traffic across the platform of the bridge deck. 
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Thus: 

where: 

λ 	 equivalent damage factor, depending on the aforementioned actual traffic 
factors; 

Qk	 loads in the simplified fatigue models, including the dynamic impact factors 
associated with them. 

The values of Qk and any dynamic impact factors to be applied are set out in the 
corresponding Code for Actions in the Design of Road Bridges (IAP) or Railway 
Bridges (IAPF). 

The values of λ for road and railway bridges are defined in subsections 42.3.2.2 and 
42.3.2.3. 

42.3.2.1. Combination of damage from local and global stress ranges 

When checking a member for the combined effects of general bending of the 
bridge (global effects) and local bending of individual members (local effects), the 
combined effects Δı E2 shall be taken as follows: 

where the suffix “loc” refers to local effects and “glo” to global effects. 

42.3.2.2.	 λ factors for equivalent damage in road bridges 

The factor λ for equivalent damage in road bridges with a span length up to 80 m 
shall be obtained using the expression: 

with 

where: 

λ1 the factor that considers the effect of damage due to traffic and depends 
on the length of the line or area of influence; 

λ2 the factor that considers the traffic volume; 

λ3 the factor that considers the design working life of the bridge; 

λ4 the factor that considers traffic in other lanes; 

λmax the maximum value of λ taking account of the fatigue limit. 

The value of λ1 shall be determined in accordance with the expressions in Table 
42.3.2.2.a. 
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Table 42.3.2.2.a. Values of λ1 for road bridges 

Central span sections For 10 ≤ L [m] ≤ 80 

Support sections 

For 10 ≤ L [m] ≤ 30 

For 30 < L [m] ≤ 80 

A section shall be considered as a central span section or a support section in 
accordance with Table 42.3.2.2.b. 

Table 42.3.2.2.b. Criteria for defining span sections and support sections 

Support section 

For continuous spans of length Li, these are 
sections situated at a distance of less than 
0.15·Li from the supports where there is 
continuity. 

Central span section Sections that are not support sections. 

The length L [m] of the line or area of influence of the expressions in Table 
42.3.2.2.a may be taken as follows: 

a) for bending moment: 

− the span length Li for hinged bearing spans; 

− the span length Li of the span under consideration, for central 
span sections in continuous spans; 

− the mean value of span lengths Li and Lj of the spans adjacent to 
the support under consideration, for support sections in 
continuous spans; 

− the sum of span lengths for the two spans adjacent of the wales 
supported by transverse beams, for transverse beams loaded by 
wales; 

b) for shear forces in hinged bearing spans and in continuous spans: 

− span length Li of the span under consideration for the support 
section; 

− 0.4 times the span length Li of the span under consideration for 
central span sections; 

c) for bearing reactions: 

− span length Li of the span under consideration for end supports; 
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− the sum of span lengths Li+Lj of the two adjacent spans for 
intermediate supports; 

d) for arched bridges: 

− twice the distance between hangers, for hangers; 

− half the arch span length, for the arch. 

The value of λ2 shall be calculated as follows: 

where Qm1 is the mean weight in kN of heavy vehicles moving in the slow lane, 
obtained as follows: 

where: 

Q0 = 480 kN; 

N0 = 0.5·106; 

NObs the total number of heavy vehicles driving in the slow lane per year; 

Qi the weight in kN of heavy vehicle “I” driving in the slow lane; 

ni the number of heavy vehicles of weight Qi driving in the slow lane. 

For different values of Qm1 and NObs, λ2 may be obtained from Table 42.3.2.2.c: 

Table 42.3.2.2.c. Values of λ2 for road bridges 

Qm1 
NObs 

0.25·106 0.50·106 0.75·106 1.00·106 1.25·106 1.50·106 1.75·106 2.00·106 

200 0.362 0.417 0.452 0.479 0.500 0.519 0.535 0.550 
300 0.544 0.625 0.678 0.712 0.751 0.779 0.803 0.825 
400 0.725 0.833 0.904 0.957 1.001 1.038 1.071 1.100 
500 0.907 1.042 1.130 1.197 1.251 1.298 1.338 1.374 
600 1.088 1.250 1.356 1.436 1.501 1.557 1.606 1.649 

The value of λ3 shall be calculated as follows: 

where tLd is the design working life of the bridge in years. 
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Table 42.3.2.2.d. Values of λ3 for road bridges 

Useful lifetime 
of the design 

in years 
50 60 70 80 90 100 120 

Factor λ3 0.871 0.903 0.931 0.956 0.979 1.00 1.037 

The value of λ4 shall be calculated as follows: 

where: 


k the number of lanes with heavy traffic;
 

Nj the number of heavy vehicles per year in lane j; 

Qmj mean weight of heavy vehicles in lane j; 

ηj the value of the line of influence in the centre 
produced by the stress range. It is shown with a p
expression. 

of lane j, for the force 
ositive sign in the above 

The value of λmax shall be obtained using the expressions in Table 42.3.2.2.e. 

Table 42.3.2.2.e. Values of λmax for road bridges 

Central span sections 
For 10 ≤ L [m] ≤ 25 

For 25 < L [m] ≤ 80 

For 10 ≤ L [m] ≤ 30 

Support sections 
For 30 < L [m] ≤ 80 

42.3.2.3.	 λ factors for equivalent damage in railway bridges 

The factor λ for equivalent damage in railway bridges with a span length of up to 
100 m shall be obtained using the expression: 

with 

where: 

λ1 the factor that considers the effect of damage due to traffic and depends 
on the length of the line of influence; 
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λ2 the factor that considers the traffic volume; 

λ3 the factor that considers the design working life of the bridge; 

λ4 the factor that considers whether the structural member becomes loaded 
when traffic moves on more than one track; 

λmax the maximum value of λ taking account of the fatigue limit. 

The value of λ1 may be obtained from Table 42.3.2.3.a and Table 42.3.2.3.b, for 
mixed traffic conditions. 

Table 42.3.2.3.a. Values of λ1 for standard railway traffic 
L [m] λ1 
0.5 1.60 
1.0 1.60 
1.5 1.60 
2.0 1.46 
2.5 1.38 
3.0 1.35 
3.5 1.17 
4.0 1.07 
4.5 1.02 
5.0 1.03 
6.0 1.03 
7.0 0.97 
8.0 0.92 
9.0 0.88 
10.0 0.85 
12.5 0.82 
15.0 0.76 
17.5 0.70 
20.0 0.67 
25.0 0.66 
30.0 0.65 
35.0 0.64 
40.0 0.64 
45.0 0.64 
50.0 0.63 
60.0 0.63 
70.0 0.62 
80.0 0.61 
90.0 0.61 
100.0 0.60 
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Table 42.3.2.3.b. Values of λ1 for suburban trains of multiple units, metropolitan 
railways and railway traffic with axes of 250 kN 

L [m] 

Suburban train of 
multiple units, and 
metropolitan trains 

Railway traffic 
with axes of 
250 kN 

Type 9 Type 10 
0.5 0.97 1.00 1.65 
1.0 0.97 1.00 1.65 
1.5 0.97 1.00 1.65 
2.0 0.97 0.99 1.64 
2.5 0.95 0.97 1.55 
3.0 0.85 0.94 1.51 
3.5 0.76 0.85 1.31 
4.0 0.65 0.71 1.16 
4.5 0.59 0.65 1.08 
5.0 0.55 0.62 1.07 
6.0 0.58 0.63 1.04 
7.0 0.58 0.60 1.02 
8.0 0.56 0.60 0.99 
9.0 0.56 0.55 0.96 
10.0 0.56 0.51 0.93 
12.5 0.55 0.47 0.90 
15.0 0.50 0.44 0.92 
17.5 0.46 0.44 0.73 
20.0 0.44 0.43 0.68 
25.0 0.40 0.41 0.65 
30.0 0.37 0.42 0.64 
35.0 0.36 0.44 0.65 
40.0 0.35 0.46 0.65 
45.0 0.35 0.47 0.65 
50.0 0.36 0.48 0.66 
60.0 0.39 0.48 0.66 
70.0 0.40 0.49 0.66 
80.0 0.39 0.49 0.66 
90.0 0.39 0.48 0.66 

100.0 0.40 0.48 0.66 

N.B.: The values given for mixed traffic in Table 42.3.2.3.a and Table 
42.3.2.3.b correspond to the combination of trains of the types given in 
the Code for Actions in Design of Railway Bridges (IAPF). 

The length L of the line of influence of Table 42.3.2.3.a and Table 42.3.2.3.b may 
be taken as follows: 

a)	 for bending moment: 

–		 the span length Li for hinged bearing spans; 

–		 the span length Li of the span under consideration, for central 
span sections in continuous spans; 

–		 the mean value of span lengths Li and Lj of the spans adjacent to 
the support under consideration, for support sections in 
continuous spans; 
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–		 the sum of span lengths for the two spans adjacent to the wales 
supported by transverse beams, for transverse beams loaded by 
wales; 

–		 for a deck sheet supported only by transversal beams or trusses 
(without longitudinal members) and, for such transversal beams 
or trusses, the length of the line of influence of deflection 
(ignoring any part corresponding to upward deflection), taking 
account of the stiffness of the rails for load distribution. For 
transversal beams at a distance smaller than 750 mm, the value 
may be taken as twice the distance between transversal beams 
+ 3 m; 

b)	 for shear force both in hinged bearing spans and in continuous spans: 

–		 span length Li of the span under consideration for the support 
section; 

–		 0.4 times the span length Li of the span under consideration for 
the central span section; 

The value of λ2 shall be obtained from Table 42.3.2.3.c: 

Table 42.3.2.3.c. Values of λ2 for railway bridges 
Traffic per year [106 

t/track] 
5 10 15 20 25 30 35 40 50 

λ2 0.72 0.83 0.90 0.96 1.00 1.04 1.07 1.10 1.15 

The value of λ2 shall be obtained from Table 42.3.2.3.d:
 

Table 42.3.2.3.d. Values of λ3 for railway bridges
 

Design working life 
[years] 

50 60 70 80 90 100 120 

λ3 0.87 0.90 0.93 0.96 0.98 1.00 1.04 

The value of λ4 shall be obtained from Table 42.3.2.3.e:
 

Table 42.3.2.3.e. Values of λ4 for railway bridges
 

21
1





 1.00 0.90 0.80 0.70 0.60 0.50 

λ4 1.00 0.91 0.84 0.77 0.72 0.71 
Δı 1 

Δı 1+2 

This is the stress range in the section that is to be checked owing to the load train defined in the 
Code for Actions in Design of Railway Bridges (IAPF), acting on a track; 
This is the stress range in the section that is to be checked owing to the load train defined in the 
Code for Actions in Design of Railway Bridges (IAPF), acting on any two tracks. 

N.B.: Table 42.3.2.3.e is only valid if Δı 1 and Δı 1+2 have the same sign. 

The values for λ4 in Table 42.3.2.3.e assume that 12 % of the total traffic crosses 
the bridge while there is traffic on the other track. If the percentage of traffic that 
crosses the bridge is different, λ4 shall be taken as follows: 
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where: 

a = 
21

1







n 	 the percentage of total traffic that crosses the bridge while there is traffic on 
the other track. 

The value of λ shall not be greater than λmax, where λmax = 1.4. 

42.4. Partial fatigue resistance factors 

The values for γMf shall be taken as in Table 42.4.
 

Table 42.4. Values of the partial factor γMf for fatigue resistance
 

Structural integrity criterion 
Consequences of failure 

Mild Severe 
Damage tolerance 1.00 1.15 
Guaranteed integrity 1.15 1.35 

42.5. Calculation of stress ranges 

Stress ranges shall be determined using the following rules: 

1.	 Identification of the basic load cycles (e.g. each trolley pass on a bridge 
crane) based on the particular specifications of the design, and definition 
of the number of times such load cycles are repeated throughout the 
working life of the structure. 

2.	 Selection of construction details to be checked (e.g. flange chords on a 
splice in a rail beam) and calculation of the stresses produced by basic 
load cycles (e.g. direct stress on flanges in the splice). 

3.	 For details of types included in Tables 42.6.a to 42.6.j, it is sufficient to 
calculate the nominal stresses, which include effects owing to the 
dynamic nature of the actions, but not the effects of stress concentration. 
This exception is because the stress concentration caused by the 
geometric configuration of the detail is taken into account through the 
detail categories that appear in the Tables. 

4.	 Where the details in Tables 42.6.a to 42.6.j are under the effect of stress 
concentrators (changes in section, drill holes, openings, etc.) that are not 
included in the typified geometry of the detail, it is necessary to multiply 
the nominal stresses by the corresponding stress concentration factor. 
The resulting stresses are called modified nominal stresses. 

5.	 For lattice structures that are made up of circular or rectangular hollow 
beams and loaded on their plane, the stress concentrations owing to 
secondary moment at the nodes may be taken into account by multiplying 
the stresses obtained using a conventional model (of hinged nodes) by 
the k1 factors given in Tables 42.5.a and 42.5.b. 
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6.	 For welded joints with large stress gradients at the bottom of the weld 
chords, the nominal stresses are replaced by geometric stresses. 
Geometric stresses are principal stresses in the parent material at the 
root of the chord, and include the effects of stress concentrations owing 
to the global geometric configuration of the detail and the local geometric 
configuration of the weld chord. For welded joints in Table 42.6.k, it is 
sufficient to use analysis methods that are able to consider the 
concentrator effect of stresses owing to the global geometry of the node, 
since the effect of the chord is included in the detail categories in the 
Table. 

7.	 The stress ranges in the basic load cycles may be determined from the 
stresses, using the “deposit discharge” method or the “water drop” 
method. Together with the value of each stress range, the number of 
times that the range happens throughout the working life of the structure 
shall also be determined. 

For the “deposit discharge” method, the values of the stresses and the 
order in which they occur over time are represented as points on a 
Cartesian diagram, with the stresses in y-y axis and any variable 
increasing over time in x-x axis. Each point thus represented is joined to 
the next by a straight line, and the resulting polygon is identified with the 
sketch of a water deposit whose free surface is parallel to the x-x axis at 
the point of maximum stress. Each relative minimum point in the 
polygonal is an outlet discharge. Opening the water outlets one after the 
other when the previous one has finished evacuating water discharges 
the deposit. At each opening, the water outlet that causes maximum local 
lowering of the water level is the one that opens. The stress ranges are 
the local depths at each water outlet immediately before it opens. The 
stress ranges obtained by this method on the basis of the graph in Figure 
42.5 would be S1, S2, S3 and S4. 

8.	 In order to determine the direct stress ranges in details without welding or 
with welding, subjected to stress relaxation treatment, the compression 
stresses may be reduced to 60 %. 
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Figure 42.5. Definition of the stress ranges by the “deposit discharge” method 
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Table 42.5.a. k1 factors for lattice beams for circular hollow sections 

Node type Chords Uprights Diagonals 

Nodes with 
clearance 

Type K 1.5 1.0 1.3 

Type N / Type KT 1.5 1.8 1.4 

Nodes with overlap 
Type K 1.5 1.0 1.2 

Type N / Type KT 1.5 1.65 1.25 

Table 42.5.b. k1 factors for lattice beams for rectangular hollow sections 

Node type Chords Uprights Diagonals 

Nodes with 
clearance 

Type K 1.5 1.0 1.5 

Type N / Type KT 1.5 2.2 1.6 

Nodes with overlap 
Type K 1.5 1.0 1.3 

Type N / Type KT 1.5 2.0 1.4 

42.6. Fatigue resistance 

A detail‟s fatigue resistance is given by the S-N curves in Figures 42.6.a and 
c c respectively. These 

represent the direct and shear stress ranges, in N/mm2, that cause the detail's fatigue 
failure resistance when applied 2 million times. 

The curves in Figure 42.6.a correspond to the expressions: 

with m = 3 for 

with m = 5 for 

for 

where: 

is the fatigue limit, e; 

is the damage 
threshold. 

The curves in Figure 42.6.b correspond to the expressions: 

with m = 5 for 
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where: 

CC

1/5

C

1/m

L Δη 0.457Δη
100

2Δη
100

2Δη 
















 is the damage threshold. 

If all the stress ranges to be considered are direct and none of them exceeds the 
fatigue limit, the S-N curve for Figure 42.6.a may be modified on the basis of five 
million cycles, replacing the continuous line by the discontinuous line. 

For construction details of equal geometric configuration and different size, the 
fatigue resistance and consequently the detail category decrease with size. Tables 
42.6.a to 42.6.k show the reduction factor ks, which transforms the detail category Δı C 
in the Table into the detail category Δı C,red, corrected for the effect of size for 
thicknesses greater than 25 mm. 

Fatigue limit (D) 

Damage threshold (L) 

N
o

rm
a
l 

s
tr

e
s
s
 r

a
n

g
e
 (



R
 ) 

(N
/m

m
2

 ) 

D
e
ta

il
 c

a
te

g
o

ry
 (



C
) 

Number of cycles 

Figure 42.6.a. Fatigue resistance curves for direct stress ranges 
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Figure 42.6.b. Fatigue resistance curves for shear stress ranges 

The detail categories in Tables 42.6.a to 42.6.k correspond to the following detail 
types: 

Table Detail 
42.6.a 
42.6.b 
42.6.c 
42.6.d 
42.6.e 
42.6.f 
42.6.g 
42.6.h 
42.6.i 
42.6.j 
42.6.k 

Details with no welding. 
Welded sections. 
Transverse butt welds (for force). 
Welded stubs and stiffeners. 
Welded joints that transmit force. 
Hollow sections (t < 12.5 mm). 
Lattice nodes. 
Orthotropic decks. Longitudinal stiffeners of closed section. 
Orthotropic decks. Longitudinal stiffeners of open section. 
Joint of upper flanges to webs in rail beams. 
Welds that produce large local stress gradients (geometric stress). 

The results of testing the construction details highlighted with an asterisk (details 
36*, 45* and 56*) do not coincide exactly with the fatigue resistance curves in Figure 
42.6.a. In order to avoid values on the side of uncertainty, such details will be assigned 
to a detail category a grade below the relevant one according to the results of testing. 
However, the latter may be used if the S-N curve is modified by extending the branch 
with a slope of -1/3 up to 10 million cycles, and the final y-y axis value of the extension 
is adopted as the fatigue limit. 

Figure 42.6.c summarises the separate phases that make up the fatigue safety 
verification. 
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Table 42.6.a. Details with no welding 
Detail 

category Construction category Description Requirements 

160 

N.B.: The fatigue resistance associated with category 160 is 
the highest. No detail may have greater fatigue resistance for 
any number of cycles. 

Rolled or extracted products: 
1) Sheets and flat products. 
2) Rolled beams. 
3) Hollow sections without 
chords, either circular or 
rectangular. 

Details 1) to 3): 
Sharp arrises, surface defects and 
rolling defects must be hewn 
until they are removed, leaving 
smooth transitions. 

140 

Sheared or oxycut sheets: 

4) Oxycut or sheared material 
followed by tidying up of edges. 

5) Machine-oxycut material with 
regular, shallow drag lines, or 
together with subsequent tidying 
up of edges so as to remove the 
arrises. Oxycut machines that 
fulfil the quality specifications of 
standard UNE-EN 1990. 

4) All visible traces of arrises 
must be removed. 
The shear surfaces must be 
machined or hewn and any burrs 
removed. 
Any marks left by the machinery 
used, e.g. during hewing, must be 
parallel to the direction of the 
stresses. 
Details 4) and 5): 
- re-entrant corners must be 
improved by hewing (gradient ≤ 
1/4) or taking them into account 
in the calculations using the 
corresponding stress 
concentration factor; 
- it is not permitted to make 
repairs by filling with weld. 

125 

100 
m = 5 

6) and 7) Products manufactured 
by rolling or extrusion, as for 
details 1), 2) and 3). 

Details 6) and 7): 

Δτ calculated using: 

If details 1–5 are executed in steel with improved resistance to corrosion, the detail category immediately below it must be adopted. 

112 

8) Symmetrical joint with a splice 
plate on both sides and high-
resistance, pre-loaded bolts. 

8) The gross 
section shall be 
used to 
calculate Δσ. 

In general, for 
bolted joints 
(details 8 to 
13): 

Distance to the 
ends: 
e1 ≥ 1.5 d 

Distance to the 
edges: 
e2 ≥ 1.5 d 

Spacing: 
p1 ≥ 2.5 d 

p2 ≥ 2.5 d 

For details, see 
EN 1993-1-8, 
Figure 3.1. 

8) Symmetrical joint with double 
splice plates, pre-loaded bolts and 
injected drill-holes. 

90 

9) Symmetrical joint with a splice 
plate on both sides and calibrated 
bolts. 

9) The net 
section shall be 
used to 
calculate Δσ. 9) Symmetrical joint with double 

splice plates, bolts that have not 
been pre-loaded, and injected 
drill-holes. 
10) Joint with a single splice 
plate and high-resistance, pre-
loaded bolts. 

10) The gross 
section shall be 
used to 
calculate Δσ. 10) Joint with a single splice 

plate, pre-loaded bolts and 
injected drill-holes. 

11) Structural member with drill-
holes subjected to axial force and 
bending moment. 

11) The net 
section shall be 
used to 
calculate Δσ. 
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80 

12) Joint with a single splice 
plate and calibrated bolts 

12) The net 
section shall 
be used to 
calculate Δσ. 

12) Joint with a single splice 
plate, bolts that have not been 
pre-loaded, and injected drill-
holes. 

50 

13) Symmetrical joint with 
single or double splice plates, 
bolts that have not been pre-
loaded, and drill-holes with 
ordinary clearance. No load 
inversion. 

13) The net 
section shall 
be used to 
calculate Δσ. 

50 

Effect of size 
∅ > 30 mm 

14) Tensioned bolts and studs 
with laminated or mechanised 
thread. For large diameters 
(anchor bolts), the effect of size 
shall be taken into account 
using the factor ks. 

14) The value of Δσ is 
calculated for tensioned 
sections of the bolt, taking 
account of the bending and 
tensile forces owing to levering, 
as well as bending tension with 
other causes. 
For pre-loaded bolts, the 
reduction must be applied to the 
stress range. 

100 
m=5 

15) Bolts subjected to single or 
double shear without thread in 
the sections under shear force. 
– calibrated bolts; 
– ordinary bolts with no load 
inversion (bolts of grades 5.6, 
8.8 or 10.9). 

15) The shank section shall be 
used to calculate Δτ. 
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Table 42.6.b. Welded sections 
Detail 

category Construction category Description Requirements 

125 

Continuous longitudinal chords: 
1) Butt welds with automatic 
execution done from both sides. 
2) Angle welds with automatic 
execution. The ends of the cover 
plates shall be checked as details 
6) or 7) in Table 42.6.e. 

Details 1) and 2): 
The welding must be executed 
without stopping, unless it is a 
repair being carried out by a 
specialist and verified by an 
inspection. 

112 

3) Butt or angle welds with 
automatic execution done from 
both sides. 
4) Butt welds with automatic 
uninterrupted execution carried 
out using a continuous back plate 
from only one side. 

4) The category for this detail is 
100 N/mm2 when carried out 
intermittently. 

100 

5) Butt or angle welding executed 
manually. 
6) Butt welds with automatic or 
manual execution from only one 
side, particularly for box girders. 

5) and 6) It is a basic requirement 
to follow a good adjustment 
between the web and flange 
sheets. The edges of the web 
must be conditioned so that the 
penetration of the weld into the 
root of the joint is regular and 
continuous. 

100 

7) Automatic or manual repairs to 
butt or angle welds on details 1) 
to 6). 

7) It is possible to recover the 
original detail category by 
improving the repair by means of 
hewing done by specialists in 
order to remove visible signs of 
the repair and then checking the 
repaired detail. 

80 

8) Discontinuous longitudinal 
welds in angle. 

8) The values for Δσ based on the 
flange direct stresses. 

71 

9) Longitudinal butt or angle 
welds, or welds interrupted by 
vent holes with a height of not 
more than 60 mm. 
For vent holes with a height of 
more than 60 mm, see detail 1) in 
Table 8.4. 

9) The values for Δσ based on the 
flange direct stresses. 

125 

10) Longitudinal butt welds, 
trimming on both faces with the 
grinder in the direction of the 
load, 100 % END. 

112 10) Uninterrupted execution; no 
hewing. 

90 10) With interruptions. 

140 

11) Longitudinal welds to close 
hollow sections, with automatic, 
uninterrupted execution. 

11) With no defects within the 
tolerances specified in standard 
UNE-ENV 1090-2. 
Wall thickness t ≤ 12.5 mm 

125 

11) Longitudinal welds to close 
hollow sections, with automatic, 
uninterrupted execution. 

11) Wall thickness 
t > 12.5 mm 

90 11) Execution with interruptions. 

Details 1 to 11 executed with automatic or mechanised welding have the same detail category. 
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Table 42.6.c. Welded splices 
Detail 

category Construction category Description Requirements 

112 

Effect of size 
for 

Without back plate: 
1) Splices that extend sheets 
and flat products. 
2) Splices that extend flanges 
and webs before reinforcement 
of the beam. 
3) Splices that extend rolled 
beams through butt-welding 
complete sections with no vent 
holes. 
4) Splices that extend sheets 
and flat products with a 
effective width or thickness and 
a slope of ≤ 1/4. 

- All welds that are made flush 
using a grinder with the surface of 
the sheets parallel to the direction 
of deflection; 
- use and subsequent removal of 
overflow sheets, sheet edges that 
have been made flush using a 
grinder according to the stress 
direction; 
- welding from both sides and 
verification using non-destructive 
tests (END). 
Detail 3: 
Only for joints on rolled, cut and 
welded again. 

90 

5) Splices that extend sheets and 
flat products. 
6) Splices that extend rolled 
beams through butt-welding 
complete sections with no vent 
holes. 
7) Splices that extend sheets and 
flat products with a effective 
width or thickness and a slope of 
≤ 1/4. 
Removal of notches for 
mechanised welding. 

- Surplus thickness of chords less 
than 10 % of the width with a 
gradual transition to the plane of 
spliced surfaces; 
- use and subsequent removal of 
overflow sheets, sheet edges that 
have been made flush using a 
grinder according to the stress 
direction; 
- welding from both sides and 
verification using non-destructive 
tests (END). 
Details 5 and 7: 
Welds executed in horizontal 
position. 

8) Detail 3) with vent holes. - All welds that are made flush t > 25 mm using a grinder with the surface of 
the sheets parallel to the direction 
of deflection; 
- use and subsequent removal of 
overflow sheets, sheet edges that 
have been made flush using a 90 grinder according to the stress 
direction; 
- welding from both sides and 
verification using non-destructive 
tests (END); 
- rolled beams of equal dimensions 
and tolerances. 

80 

9) Splices that extend trussed 
beams without vent holes. 

10) Splices that extend rolled 
beams through butt-welding 
complete sections with vent 
holes. 

11) Splices that extend sheets, 
flat products, rolled beams and 
sheets for trussed beams. 

- Surplus thickness of chords less 
than 20 % of the width with a 
gradual transition to the plane of 
spliced surfaces; 
- welding without trimming using a 
grinder; 
- use and subsequent removal of 
overflow sheets, sheet edges that 
have been made flush using a 
grinder according to the stress 
direction; 
- welding from both sides and 
verification using non-destructive 
tests (END). 
Detail 10 
Surplus thickness of chords less 
than 10 % of the width with a 
gradual transition to the plane of 
spliced surfaces. 

63 

12) Splices that extend rolled 
beams with butt-welding 
complete sections with no vent 
holes. 

- Use and subsequent removal of 
overflow sheets, sheet edges that 
have been made flush using a 
grinder according to the stress 
direction. 

36 13) Butt welding executed from 
only one side. 

13) Without back plate. 
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71 

Effect of size 
for 
t > 25 mm 

13) Butt welding executed from 
only one side with total 
penetration and verification using 
appropriate END techniques. 

71 

With back plate: 
14) Extension splices. 
15) Splices that extend sheets 
and flat products or curves with 
a effective width or thickness 
and a slope of ≤ 1/4. 
This also applies to curved 
sheets. 

Details 14) and 15): 
Angle welds in joints of the back 
plate with ends at a distance of 
more than 10 mm from the edges of 
the loaded sheet. 
Welding points applied to the area 
that is to be occupied by the butt 
welds. 

50 

16) Extension splices with a 
permanent back plate and a 
effective width or thickness and 
a slope of ≤ 1/4. 
This also applies to curved 
sheets. 

16) If the ends of the angle welds 
on the back plate are less than 
10 mm away from the edges of the 
sheet, or if it is not possible to 
ensure proper adjustment. 

71 

Effect of size for t > 25 mm and 
eccentricity: 

gradient of ≤ 1/2 17) Extension 
splices with 
continuity of 
the mean plane 
and 
discontinuity 
of thickness. 

As for 
detail 1 
in Table 
42.6.e 

18) Extension splices working 
through the interposed flange. 

Details 18) and 19): 
The fatigue test of the interposed 
member must be carried out as for 
detail 4 or 5 in Table 42.6.d. 

As for 19) For transitions in 
detail 4 accordance with detail 4 in 
in Table Table 42.6.d. 
42.6.d 
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Table 42.6.d. Welded blocks and stiffeners 
Detail 

category Construction category Description Requirements 

80 L ≤ 50 mm Longitudinal blocks: 
1) The detail category depends 
on the length L of the block. 

The thickness of the block must be 
less than its height. If it is not, see 
detail 5 or 6 in Table 42.6.e. 71 50 < L ≤ 80 mm 

63 80< L ≤ 100 mm 

56 L > 100 mm 

71 L > 100 mm 
α < 45° 

2) Longitudinal blocks welded 
to sheets or tubes. 

80 r > 150 mm 

reinforced 

3) Block according to angle-
welded transition to a sheet or 
tube; end of the reinforced weld 
chord (total penetration); length 
of reinforced chord > r. 

Details 3) and 4): Transition joint 
executed by machining or oxycut 
of the block prior to welding, and 
then hewing the area of the weld 
parallel to deflection in order to 
completely remove the bottom of 
the transverse chord. 

90 
or 
r>150 mm 

L: length of the block as for details 1, 2 
or 3. 

4) Block welded to the edge of a 
sheet or of a beam flange. 

71 

50 

40 

5) Welded joint without transition 
joint. 

80 t ≤ 50 mm 
Blocks or transverse stiffeners 
6) Block welded to sheets. 
7) Vertical stiffeners for beams 
joined by welding. 
8) Box girder diaphragms 
welded to the flanges or webs. 
They may not be viable for 
small sections. 
The detail categories are also 
valid for ring stiffeners. 

Details 6) and 7): 
The ends of the chords must be 
hewn carefully in order to remove 
biting. 
7) If the stiffener ends in the web 
(the part on the left in the figure), 
Δσ must be calculated using the 
principal tensions. 71 50 < t ≤ 80 mm 

80 

9) Effect owing to shear 
transmission connectors that are 
welded to base material. 

Table 
42.6.e. 
Welde 
d joints 

that 
transmi 

t 
forceDe 

tail 
category 

Construction category Description Requirements 

80 l ≤ 50 mm, all t Cross-shaped and T joints: 

1) Cracking at the bottom of the 

1) Checked by inspection to ensure 
there are no discontinuations or 
misalignment outside the tolerances 71 50 mm < l ≤ 80 mm, all t 
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the root of the joint with the 
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detail category 36 for σw and 80 for 
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Details 1) to 3): 
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63 80 mm < l ≤ 100 mm, all t chord for butt welds with total 
penetration and all welds with 
partial penetration. 

in standard UNE-ENV 1090-2. 
2) The modified nominal stresses 
must be used to calculate Δσ. 
3) Two fatigue checks are 
necessary for joints with partial 
penetration: one for the cracking in 

56 100 mm < l ≤ 120 mm, all t 

56 l > 120 mm, t > 20 mm 

50 

45 

40 

As for 
detail 1 in 

Table 
42.6.e 

2) Cracking at the bottom of the 
chord from the ends of the weld, 
with stress concentration owing 
to the flexibility of the sheet. 

36* 

3) Cracking at the root of the 
joint, in angle joints and T-
shaped butt joints with partial 
penetration or total effective 
penetration. 

As for 
detail 1 in 

Table 
42.6.e 

area of the principal sheet subjected to stresses gradient = 1/2 

Joints for welded overlaps: 
4) Joints for overlap with angle 
welds. 

4) For the principal sheet, Δσ shall 
be calculated using the area given 
in the figure. 
5) Δσ must be calculated using the 
outside sheets. 
Details 4) and 5): 
- Ends of welds more than 10 mm 
from the edge of the principal 
sheet; 
- cracking caused by shear of 
chords must be checke as for detail 
8. 

45* 

Joints for welded overlaps: 
5) Joints for overlap with angle 
welds. 

tc < t, t ≤ 20 mm 
Cover plates on beams and 
trussed beams: 

6) Ends of single or multiple 
cover plates, welded with or 
without a chord on the front 
edge. 

6) If the cover plate is wider than 
the flange, it is necessary to have a 
weld chord on the front edge, hewn 
carefully so as to remove biting. 
The minimum length of the cover 
plate is 300 mm. For smaller 
lengths, the effect of size is the 
same as for detail 1). 

56* 
tc < t, 20 mm < t ≤ 30 mm 

tc ≥ t, t ≤ 20 mm 

50 
tc < t, 30 mm < t ≤ 50 mm 
tc ≥ t, 20 mm < t ≤ 30 mm 

45 
tc < t, t > 50 mm 

tc ≥ t, 30 mm < t ≤ 50 mm 

40 tc < t, t ≤ 20 mm 

36 
tc < t, 20 mm < t ≤ 30 mm 

tc ≥ t, t ≤ 20 mm 

56 

Reinforced front chord 7) Cover plates on beams and 
trussed beams. 
The length of the reinforcement 
must be greater than 5tc. 

7) The reinforced front chord is 
made flush using a grinder. The 
end of the cover plate is also done, 
with a slope of < 1/4, if tc > 20 mm. 
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80 
m = 5 

8) Continuous angle weld with 
transmission of shear forces, as 
for flange-web joints in trussed 
beams. 
Joints for overlap with angle 
welds. 
9) Joints for overlap with angle 
welds. 

8) Δτ must be calculated for the 
throat section of the chord. 
9) Δτ must be calculated for the 
throat section, considering the 
whole length of the chord, the end 
of which must be at a distance of 
more than 10 mm from the edge of 
the sheet. See also details 4) and 5). 

90 
m = 8 
See 

EN 1994-2 

Welded connectors for 
transmission of shear: 

10) For mixed structures. 

10) Δτ must be calculated for the 
nominal section of the connector 
bolt. 

71 

11) Tube-cleat joint with 80 % 
butt welds and total penetration. 

11) The bottom of the weld must be 
hewn and ≉σ must be calculated for 
the tube. 

40 

12) Tube-cleat joints with angle 
welds. 

12) Δσ calculated for the tube. 
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Table 42.6.f. Hollow sections (t ≤ 12.5 mm) 
Detail 

category Construction category Description Requirements 

71 

1) Tube-sheet joints with 
flattening at the end of the tube, 
X-shape bevelling of the edges, 
and butt welding. 

1) ≉σ must be calculated for the 
tube. 

Tube diameter less than 200 mm. 

71 α≤ 45° 2) Tube-sheet joints welded 
along slots for inserting the 
sheet into the tube finished with 
drill-holes. 

2) ≉σ must be calculated for the 
tube. 
Cracking caused by shear of the 
weld must be checked as for detail 
8 in Table 42.6.e. 

63 α> 45° 

71 

Butt welds with front chords 
3) Extension splices from end 
to end between circular hollow 
sections with butt welds. 

Details 3) and 4) 
- Chords with surplus thickness 
smaller than 10 % of the width and 
with gradual transition; 
- execution of welding in horizontal 
position, verification through 
inspection, and absence of defects 
outside the tolerance in accordance 
with standard UNE-ENV 1090-2; 
- for t > 8 mm, the detail category 
increases by two grades. 

56 

4) Extension splices from end 
to end between rectangular 
hollow sections with butt 
welds. 

71 

Coupling by welding: 
5) Circular or rectangular 
hollow sections joined to other 
beams using angle welding. 

5) 
- Welds that do not transmit loads; 
- dimension parallel to the direction 
of the stresses ≤ 100 mm; 
- for other cases, see Table 42.6.d. 

50 

Welded extension splices: 
6) Extension splices from end 
to end between circular hollow 
sections using butt welds with 
an interposed sheet. 

Details 6) and 7) 
- Welds that transmit loads; 
- verification of welds through 
inspection, and absence of defects 
outside the tolerance in accordance 
with standard UNE-ENV 1090-2; 
- for t > 8 mm, the detail category 
increases by one grade. 

45 

7) Extension splices from end 
to end between rectangular 
hollow sections using butt 
welds with an interposed sheet. 

40 

8) Extension splices from end 
to end between circular hollow 
sections using angle welds with 
an interposed sheet. 

Details 8) and 9) 

- Welds that transmit loads; 
- Wall thickness t ≤ 8 mm. 

36 

9) Extension splices from end 
to end between rectangular 
hollow sections using angle 
welds with an interposed sheet. 
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Table 
42.6.g. 
Lattice Construction category Requirements 
nodes 
Detail 

category 

90 
m = 5 

Joints with separation: Detail 1): Nodes in K and N, circular hollow 
sections: 

Details 1) and 2) 

- Separated checking for chords and braces; 
- for ratios t0/ti of between 1 and 2, the detail 
category may be obtained by linear interpolation; 
- angle welding is permitted for braces with wall 
thickness t ≤ 8 mm. 
t0 and ti ≤ 8 mm 
35° ≤ θ ≤ 50° 
b0/t0 . t0/ti ≤ 25 
d0/t0 . t0/ti ≤ 25 
0.4 ≤ bi/b0 ≤ 1.0 
0.25 ≤ di/d0 ≤ 1.0 
b0 ≤ 200 mm 
d0 ≤ 300 mm 
- 0.5 h0 ≤ li/p ≤ 0.25 h0 
- 0.5 d0 ≤ li/p ≤ 0.25 d0 
eo/p ≤ 0.02 b0 or ≤ 0.02 d0 
(eo/p is eccentricity outside the plane) 

Detail 2) 
0.5 (b0 – bi) ≤ g ≤ 1.1 (b0 – bi) 
and g ≥ 2 t0 

45 
m = 5 

71 
m = 5 Joints with separation: Detail 2): Nodes in K and N, rectangular 

hollow sections: 

36 
m = 5 

71 
m = 5 

Joints with overlap: Detail 3): Nodes in K and N, circular hollow 
sections: Details 3) and 4) 

- 30 % ≤ overlap ≤ 100 %; 
- overlap = (q/p)×100 %; 
- separated checking for chords and braces; 
- for ratios t0/ti of between 1 and 1.4, the detail 
category may be obtained by linear interpolation; 
- angle welding is permitted for braces with wall 
thickness t ≤ 8 mm. 
t0 and ti ≤ 8 mm 
35° ≤ θ ≤ 50° 
b0/t0 . t0/ti ≤ 25 
d0/t0 . t0/ti ≤ 25 
0.4 ≤ bi/b0 ≤ 1.0 
0.25 ≤ di/d0 ≤ 1.0 
b0 ≤ 200 mm 
d0 ≤ 300 mm 
- 0.5 h0 ≤ li/p ≤ 0.25 h0 
- 0.5 d0 ≤ li/p ≤ 0.25 d0 
eo/p ≤ 0.02 b0 or ≤ 0.02 d0 
(eo/p is the warping eccentricity) 
Definitions of p and q: 

56 
m = 5 

71 
m = 5 

Joints with overlap: Detail 4): Nodes in K and N, rectangular 
hollow sections: 

50 
m = 5 
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Table 42.6.h. Orthotropic decks of closed wales 
Detail 

category Construction category Description Requirements 

80 t ≤ 12 mm 
1) Continuous longitudinal 
wale with vent holes in the 
joists. 

1), 2), 3) and 4) Checking based on 
the direct stress range ≉σ of the 
longitudinal wale. 

71 t > 12 mm 

80 t ≤ 12 mm 
2) Continuous longitudinal 
wale without any vent holes in 
the joists. 

71 t > 12 mm 

36 

3) Discontinuous longitudinal 
wale, interrupted by joists. 

71 

4) Wale splice made by butt 
welding with total penetration 
and back plate. 

112 
As for details 1, 2 
and 4 in Table 
42.6.c. 

5) Wale splice made by butt 
welding without a back plate, 
but with welding on both sides 
and total penetration. 

5) Checking based on the direct 
stress range ≉σ of the wale. 
Welding points in the area that is to 
be occupied by the butt weld. 

90 
As for details 5 
and 7 in Table 
42.6.c. 

80 
As for details 9 
and 11 in Table 
42.6.c. 

71 

6) Critical section of joists in 
the web owing to vent holes. 

6) Checking based on the stress 
range of the critical section taking 
account of the Vierendeel effect. 
Detail category 112 may be used if 
the stress ranges are calculated in 
accordance with standard EN 1993-
2, 9.4.4.4(3). 

71 

Welded joint between deck 
sheets and wales with trapezoid 
or V-shaped section: 

7) Welds with partial 
penetration and a ≥ t. 

7) Checking based on the stress 
range owing to bending of the 
sheet. 

50 

8) Angle welds or welds with 
partial penetration outside the 
limits for detail 7). 

8) Checking based on the stress 
range owing to bending of the 
sheet. 
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Table 42.6.i. Orthotropic decks: Longitudinal stiffeners of open wales 
Detail 

category Construction category Description Requirements 

80 t ≤ 12 mm 
1) Longitudinal wale joints with 
joists. 

1) Checking based on the direct 
stress range ≉σ of the wale. 

71 t > 12 mm 

2) Continuous longitudinal 2) Checking based on the 
wale joints with joists. equivalent stress range: 

result of combining the ranges for 
56 

The stress range between wales 

direct stress Δσ and shear stress Δτ 
of the joist web. 

must also be checked in 
accordance with the definition 
in standard EN 1993-2. 

Table 42.6.j. Joints of upper flange-web in rail beams 
Detail 

category Construction category Description Requirements 

160 

1) Rolled beams with I or H 
sections. 

1) and 2) Range Δσvert of vertical 
compression stress in the flange 
owing to wheel load. 

71 

2) Joint with T-shaped butt 
welds and total penetration. 

36* 

3) Joint with T-shaped butt 
welds and partial penetration or 
total effective penetration 
according to standard EN 1993-
1-8. 

3) and 4) Range Δσvert of throat 
stress in the chords owing to 
vertical compression caused by 
wheel load. 

36* 

4) Angle welds. 

71 

5) Flange joint for a T-shaped 
section using T-shaped butt 
welds with total penetration. 

5) Range Δσvert of vertical 
compression stress in the flange 
owing to wheel load. 

36* 

6) Flange joint for a T-shaped 
section using T-shaped butt 
welds with partial penetration 
or total effective penetration 
according to EN 1993-1-8. 

6) and 7) Range Δσvert, of throat 
stress in the chords owing to 
vertical compression caused by 
wheel load. 

36* 

7) Flange joint for a T-shaped 
section using angle welds. 
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use and subsequent removal of 
overflow sheets, and making sheet 
edges flush using a grinder in the 
direction of stress; 

welding on both sides and 
verification using END; 

for misalignments, see note 1. 
3) Cross shaped joint with K
shaped butt welds and total 
penetration. 

3) 
Angle at the bottom of the chord 

≤ 60°; 
for misalignments, see note 1. 

transmit loads. Angle at the bottom of the chord 
≤ 60°; 

see also note 2. 

5) Squared ends and ends of 
longitudinal stiffeners. 

5) 
Angle at the bottom of the chord 

≤ 60°; 
see also note 2. 

6) Ends of cover plates and 
similar joints. 

6) 
Angle at the bottom of the chord 

≤ 60°; 
see also note 2. 

     

    
 

 
 
     

 

 

    
  

 
       

    
      

      
    

      
    

     
    

      

 

 

    
  

 
     

   
      

    
      

    
     

    
      

 

 

    
    

  

  
       
   
      

 

 

     
   

  
       
   
      

 

 

    
  

  
       
   
      

 

 

    
   

  
       
   
      

 

 

   
     

  
       
   
      

     

                   
                

Table 42.6.k. Details with large stress gradients (detail categories for geometric 
stresses) 

Detail 
category Construction category Description Requirements 

112 

1) Butt welds with total 
penetration. 

1) 
- All welds are made flush with the 
surfaces joined by grinding parallel 
to the direction of deflection; 
- use and subsequent removal of 
overflow sheets, and making sheet 
edges flush using a grinder in the 
direction of stress; 
- welding on both sides and 
verification using END; 
- for misalignments, see note 1. 

100 

1) Butt welds with total 
penetration. 

2) 
- Welds without any grinding to 
make them flush; 
-

-

-
- -

-

-100 

100 

4) Angle welds that do not 4) 
-

-

100 

-

-

-

-100 

90 

7) Cross-shaped joints with 
angle welds that transmit loads. 

7) 
- Angle at the bottom of the chord 
≤ 60°; 
- for misalignments, see note 1. 
See also note 2. 

Note 1: Alignment errors are not taken into account in Table 42.6.k and must be incorporated explicitly into the stress design. 
Note 2: Table 42.6.k does not apply to cracks that start in weld roots and spread through the throat. 
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Identification of basic load cycles. 

Selection of the details to be checked and the 
stress design for each one. 

Defining the stress ranges and the number of 
times that each may be repeated during the 
working life of the structure. 

Representation of the stress range spectrum. 

Use of the S-N curve for the detail, in order to 
calculate the number Ñ of failure cycles for each 
stress range. 

Fatigue safety test (Palmgren-Miner rule). 

Figure 42.6.c. Steps for checking fatigue safety 
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CHAPTER XII. FIRE DESIGN OF STEEL
 
STRUCTURES 


Section 43. General 

43.1. Bases 

This Chapter sets out the criteria to be applied to the design of steel building 
structures in order to verify their load-bearing capacity under the action of a fire, 
considered as an “accidental situation”, for the purposes of structural safety. 

This Chapter does not cover establishments regulated by specific regulations of 
the Ministry of Defence, establishments with facilities supervised by the Nuclear Safety 
Council, and establishments referred to in the Mining Laws. 

43.2. Fire	 action to be considered in the design of steel building 
structures 

Fire action models considered in this Code for the design of steel building 
structures only take account of their effects on stability or load-bearing capacity, and 
not other aspects of their performance in the event of a fire that are regulated by other 
construction standards, such as fire-sealing, thermal isolation capacity, etc. which may 
be required where relevant. The application of this chapter is therefore restricted to 
cases where these capacities are separated from purely resistant aspects and are 
assigned to other construction members. This is standard practice in the design of 
buildings with steel structures. 

Fire action or thermal action is defined by the heat flux that affects the surfaces of 
structural members that are exposed to the fire. 

Depending on the “fire calculation” adopted, the following procedures shall be 
used: 

- using the standardised temperature-time curved defined in the CTE, the 
thermal analysis of structural members is done for a specific period of time; 

- using another fire model, the thermal analysis of structural members is done 
for the whole fire process. 
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Unless otherwise specified by the instructions or standards in force relating to 
actions, the models contained in Annex 8 shall be used as the fire models. 

43.3. Procedures for checking the fire safety of steel structures 

Procedures for checking the fire safety of steel structures explicitly included in 
this Code fall under the category of design models classed as “simplified”. These are 
design methods based on appropriate hypotheses for their application to single 
structural members, or small assemblies thereof. 

Section 44.	 Mechanical and indirect action concomitant with 
the fire 

For mechanical actions, the design values corresponding to an accidental 
situation shall be adopted in accordance with Sections 11, 12 and 13. 

Section 45.	 Properties of materials subjected to fire action 

The following subsections define the design values to be adopted by the models 
set out in this Code for various mechanical and thermal properties of the materials 
used. Some of these values are calibrated quantities for adapting the results using 
such models, empirically comprising the incidence of aspects that transcend the pure 
phenomenon referred to by the literal name of each magnitude or parameter. They may 
not, therefore, be used outside the context in which they are included. 

45.1. Mechanical properties of structural steel 

For fire resistance verification, γM,fi = 1 shall be adopted as the partial resistance 
factor for steel as defined in this subsection. 

In order for it to be applied to the verification procedures defined in this Chapter, 
the following reduction factors shall be adopted for the mechanical properties of 
structural steel, depending on the temperature that they reach (θa): 

ky,θ = fy,θ / fy	 quotient between the effective yield strength for temperature (θa) 
and the yield strength at 20 °C; 

kE,θ = Ea,θ / Ea	 quotient between the elasticity modulus in the linear phase of the 
stress-deformation diagram, at temperature (θa) and the elasticity 
modulus at 20 °C. 

The values of these factors shall be taken from Table 45.1, which allows for linear 
interpolation. The application of these factors shall be valid if applying the simplified 
design models for steel temperatures covered by this Code, or other procedures 
covered by this Code, but in the latter case it shall be verified that the temperature 
increase rate ranges between the limits of 2 ≤ dθa/dt ≤ 50 °C/minute. 

The same table also gives the following parameter: 
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kp,θ = fp,θ / fy quotient between the proportionality limit for temperature (θa) and 
the yield strength at 20 °C; 

Together with the above, this parameter is involved in drawing the following 
uniaxial stress (ı) and strain (İ ) diagram, which may be adopted if advanced design 
methods are used. 

Figure 45.1 

For 0 ≤ İ ≤ İ p,θ = fp,θ/Ea,θ: İ = ı /Ea,θ 

For İ p,θ ≤ İ ≤ İ y,θ = 0.02: İ = ı /Ea,θ +(İ y,θ-fy,θ/Ea,θ){1-√[1-(ı -fp,θ)2 /(fy,θ-fp,θ)2]} 

For İ y,θ ≤ İ ≤ İ t,θ = 0.15: ı = fy,θ 

For İ t,θ ≤ İ ≤ İ u,θ = 0.20: ı = fy,θ[1-(İ -İ t,θ)/(İ u,θ -İ t,θ)] 

For İ = İ u,θ: ı = 0 
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Table 45.1. Reduction factors depending on temperature of the mechanical properties 
of structural carbon steel. 

Other physical properties of structural steel to carbon: 

Factor for linear elongation caused by heat, Χθ = ΔL(θa)/L(20 °C), where L is the 
length of the member at 20 °C and ΔL(θa) is the elongation caused in it, depending on 
the temperature (θa): 

For 20 °C ≤ θa ≤ 750 °C: Χθ =1.2x10-5θa +0.4x10-8θa
2 –-2.416x10-4 

For 750 °C ≤ θa ≤ 860 °C: Χθ = 1.1x10-2 

For 860 °C ≤ θa ≤ 1200 °C: Χθ = 2 x10-5 θa – 6.2x10-3 

For simplified procedures, a linear relationship may be considered between the 
elongation and the temperature, using the factor: 

Χθ = 14 x10-6 (θa –20) 

Specific heat ca in J/(kg°K), variable with temperature (θa): 

for 20 °C ≤ θa < 600 °C: ca = 425+ 0.773 θa – 1.69x10-3 θa
2 

+ 2.22x10-6 θa
3; 

for 600 °C ≤ θa < 735 °C: ca = 666 + 13002/(738- θa ); 

for 735 °C ≤ θa < 900 °C: ca = 545 + 17820/(θa -731); 
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for 900 °C ≤ θa ≤ 1200 °C: ca = 650. 

For simplified procedures, specific heat may be considered as independent of the 
temperature, taking the value of: 

ca = 600 J/(kg°K) 

Thermal conductivity λa in W/(m °K), variable with temperature (θa): 

for 20 °C ≤ θa < 800 °C: λa = 54 – 0.0333 θa; 

for 800 °C ≤ θa ≤ 1200 °C: λa = 27.3. 

For simplified procedures, thermal conductivity may be considered as 
independent of the temperature, taking the value of: 

λa = 45 W/(m °K) 

45.2. Properties of protection materials 

The properties of protection materials are included in the calculations in 
subsequent Sections using various magnitudes that generally depend on temperature; 
where such dependence is not stated, for the purposes of the notation, it must be 
understood where relevant. Owing to this dependence on temperature, among other 
reasons, the usual values at atmospheric temperature for such magnitudes absolutely 
may not be applied to the design models in this Chapter: 

λp	 conventional thermal conductivity, in W/(m°K), which is different from intrinsic 
thermal conductivity owing to different phenomena from the actual thermal 
conduction comprised empirically in this parameter, such as possible contact 
resistance between the steel and the protection, cracks and transformations 
during the process, etc.; 

cp	 conventional specific heat, in J/(kg°K). 

Such magnitudes, and others that derive from them, are affected by the sub-
index “k” when characteristic values are taken into account, and by the sub-index “d” 
where they are used as design values that meet the safety criteria defined in 48.3. 

Other properties of protection materials that are considered in this section are: 

ρp	 density in kg/m3; 

Δtp	 “delay time” of protection materials with permanent moisture content (see 
subsection 48.2); 

P	 maximum moisture percentage permitted for the calculations; 

rp,ef	 “effective thermal resistivity” as defined in subsection 48.2. 

The characteristic values for all these magnitudes may come from the literature 
available on generic materials, but only those given for such purposes in Table 45.2. 
The mention of a specific protection material in this Table does not prevent from using 
a more favourable value for calculations, wherever it is obtained experimentally and in 
accordance with the criteria and conditions in case a), b) or c) in subsection 48.3. 
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Table 45.2. Characteristic values for conventional properties of generic protection 
materials. 

Material λpk 

W/(m°K) 

cpk 

J/(kg°K) 

ρpk 

kg/m3 

Pk 

% weight 

Granite, marble. 2.40 900 2800 0 

Normal-density concrete with silica 
aggregate (1). 

1.60 1000 2300 0 

Normal-density concrete with 
limestone aggregate (2). 

1.30 1000 2300 0 

Ceramic masonry with cement 
mortar. 

1.15 1000 1450 0 

Light concrete, according to density. 0.80 (3) 840 1600 2 

0.65 850 1300 2 

0.50 800 1000 2 

0.35 800 700 2 

Gypsum plates. 0.20 1700 800 20 

Vermiculite or pearlite grout mortar 
with cement. 

0.12 1100 350-550 2 

Vermiculite or pearlite grout mortar 
with gypsum. 

0.12 1100 650 2 

Silicate base plates in general. 0.15 1200 600 3 

Pearlite or vermiculite plates with 
cement. 

0.20 1200 800 15 

Grouting mineral fibre. 0.12 1200 300 0 

Rock wool, mineral wool. 0.20 1200 150 0 

(1), (2)	 If greater precision is required for normal-density concrete, the preceding values may 
be replaced by the following expressions, variable with their temperature (θc, in °C; 
for 20 °C ≤ θc ≤ 1200 °C): 

specific heat with any type of aggregate: 

cc = 900 + 80 (θc /120) - 4 (θc /120)2; 

thermal conductivity with silica aggregate: λc = 2 – 0.24 (θc /120) + 0.012 (θc /120)2; 
thermal conductivity with limestone aggregate: λc = 1.6 – 0.16 (θc /120) + 0.008 (θc 
/120)2. 

(3) For light concrete with ρc between 1600 and 2000 kg/m3, the following may be used: 
for 20 °C ≤ θc ≤800 °C: λc = 1.0 - θc /1600; 
for θc >800 °C: λc = 0.5 W/(m°K). 
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Section 46.	 Resistance verification for prismatic members 
subjected to fire action 

Unless the procedures set out in subsections 46.8, 46.8.1 and 46.8.2 apply, 
prismatic steel members subjected to fire action shall be checked following the general 
format: 

Efi,d/Rfi,d,t ≤ 1, where: 

Efi,d	 effects of fire action as defined in subsection 43.2, together with 
concomitant mechanical action as specified in Section 44 of this 
Chapter, with the partial safety factors stated therein; 

Rfi,d,t	 respective resistances, assuming the member is subjected to 
temperature distribution (θ) at the time (t) of the fire process; 

t = tfi,requ	 standardised fire duration required by the standards in force, in CTE 
buildings. 

If other design fire models are used (see subsection 43.2), the resistances (Rfi,d 
without reference to the time t) correspond to the worst resistance situation of the 
member subjected to temperature distribution (θ) during the whole fire process. 

If the effects to be considered (Efi,d) are reduced to a single force or load (Sfi,d), or 
several of these not interacting, only Sfi,d ≤ Rfi,d,t need be checked (loads ≤ respective 
resistances). For several interacting forces, Efi,d/Rfi,d,t ≤ 1 represents the formula of 
interaction that applies in each case. The resistances Rfi,d,t are defined in the following 
subsections (46.1 to 46.6). 

As an alternative, wherever the conditions set out in subsections 46.8, 46.8.1 and 
46.8.2 are satisfied, the resistance verification may be conducted using the 
temperature range: 

θa,t / θa,cr ≤ 1 

where θa,t is the homogeneous temperature achieved by steel once the time t = tfi,requ 
has elapsed and θa,cr is its critical value in accordance with those subsections. If other 
design fire models are used, the temperature, θa (without reference to time t) 
corresponds to the maximum of the member during the whole fire process. 

46.1. Classification of cross-sections 

When checking the resistance in a fire situation, the cross-section shall be 
classified in one of the four classes for cross-sections (1, 2, 3, and 4) with the criteria in 
Section 20, but using a reduced value for the parameter: 

where fy is the yield strength at 20 °C, expressed in N/mm2. 
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46.2. Members subjected to axial tensile force 

The design resistance of a tension member with a uniform temperature (θa,t) is 
given by the expression: 

Nfi,θ,Rd = ky,θ Npl,Rd ( γM0 / γM,fi ) 

where: 

Npl,Rd	 plastic design resistance of the gross section tensioned by tensile 
stress at atmospheric temperature, as defined in this Code; 

ky,θ		 see subsection 45.1; 

γM0 / γM,fi	 ratio of partial resistance factors of the material, should these differ 
from the calculations for a fire situation and at atmospheric 
temperature. 

The design resistance of a tension member with tensile stress and a non-uniform 
temperature distribution at a given time (t) during the fire process may be calculated 
conservatively by applying the above expression with a value of ky,θ, which 
corresponds to the maximum section temperature, or even, to give greater precision, 
as follows: 

Nfi,t,Rd = ΣFx,θ,i,Rd 

Fx,θ,i,Rd =Aiky,θ,ify /γM,fi 

where: 

Ai	 area of the ith partial section of a partition in the section, such that the 
temperature of each one may be assimilated inside it to a uniform value 
(θi), at every moment of the process, in accordance with the following. 

As a valid partition of the section for the aforementioned calculation, any 
subdivision of partial sections is permitted, such that the resulting stress for the whole 
section, assumed to be equal to ky,θ,ify/γM,fi at each point, with ky,θ depending on the 
corresponding temperature (θ), shall not be less than the value Σ Fx,θ,i,Rd, by more than 
5 % of Npl,Rd, at any time during the process. 

46.3. Members subjected to axial compression force 

The design buckling resistance of a compression member with a class 1, 2 or 3 
cross-section of area A shall be taken as equal to: 

Nb,fi,t,Rd = χfi A ky,θ fy / γM,fi 

where: 

ky,θ		 the value corresponding to the uniform temperature (θa,t) of the 
member at the time (t) of the fire process, or even the maximum 
temperature where it does not have uniform distribution; 

χfi	 reduction factor for the buckling mode under consideration, 
obtained using the same expression as that given in subsection 
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35.1.2 of this Code for calculations at atmospheric temperature, 
but modifying the following parameters: 

)0.5 Χ =0.65 (235/fy imperfection factor for fire design situation, depending on fy, yield 
strength at 20 °C, expressed in N/mm2; 

relative slenderness used for the calculations at atmospheric 
temperature, corrected depending on the factors ky,θ and kE,θ 
obtained in subsection 45.1 with the temperature (θa,t) at the time 
(t) of the fire process under consideration. 

In addition to the above, the buckling length Lfi for fire design situation may be 
reduced in relation to the one used for the calculations at atmospheric temperature, if 
the column that is under analysis belongs to braced frame with continuous supports 
and such that consecutive sections do not form part of the same “fire compartment”, in 
accordance with the division into compartments used in the design. The values 
corresponding to a part that is fixed at both ends may then be adopted for Lfi, apart 
from on the last storey, where the buckling length of a hinged-fixed part is used (see 
Figure 46.3). 

Shear wall or Fire compartment 
other bracing 
system 

separated on each storey 
Length of column 
exposed to fire 

Deformation 
due to fire 

Length of 
column 
exposed to 
fire 

Figure 46.3. Buckling lengths Lfi of columns in braced frames with rigid nodes, with fire 
compartments that do not cover more than one storey. 

46.4. Braced beams for lateral buckling 

The design bending moment resistance in a fire situation of class 1, 2 or 3 cross-
sections with lateral buckling restraint, shall be checked using the loads Vfi,Ed and Mfi,Ed, 
determined using the partial factors defined in Section 44 of this Chapter, and having 
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first evaluated their temperature distribution at a given time (t) in the fire process in 
accordance with the criteria given in this Chapter of the Code. 

The design bending resistance of class 1, 2 or 3 cross-sections with the lateral 
buckling restraint and a uniform temperature (θa,t) is given by the expression: 

Mfi,θ,Rd =ky,θ MV,Rd (γM0 / γM,fi ) 

where: 

MV,Rd	 ultimate bending moment resistance of the cross-section for normal 
temperature design, or reduced bending moment resistance allowing 
for the effects of shear force if necessary, in accordance with the 
criteria defined in Section 34 of this Code (see subsection 34.7.1). 

In order to come closer to the result of the tests, and in a highly simplified way, 
the temperature distribution in the beam may be considered non-uniform by applying 
two corrective factors, κ1 and κ2, in order to increase the design resistance value Mfi,θ,Rd 
obtained above. In this case, the design resistance of a class 1, 2 or 3 cross-section, 
and lateral buckling restraint and a non-uniform temperature distribution at time (t) in 
the fire process, may be obtained approximately by using the same expression as 
above (Mfi,θ,Rd) with the value of ky,θ, which corresponds to the uniform temperature in 
the steel at each section (θa,t), and applying the corrective factors: 

Mfi,t,Rd = Mfi,θ,Rd /(κ1 κ2) 

κ1 takes account of the non-homogeneous temperature distribution in the section, and 
κ2 takes account of the variation in temperature throughout the beam, with the values: 

κ1 = 1.00	 for a section exposed to the fire on all sides; 

κ1 = 0.70	 for sections with one side protected by a concrete slab, a composite 
floor, or a floor with equivalent thermal properties, and where the 
other sides are exposed to the fire without any protection; 

κ1 = 0.85	 under similar conditions as the preceding case, but with fire protection 
on the exposed sides (in this case, θa will obviously be smaller than in 
the preceding case, but its distribution will be more uniform, so a more 
unfavourable value for κ1 is used); 

κ2 = 0.85	 at the supports of a beam with hyperstatic bending moment (the 
accumulation of material in the joint causes lower temperatures); 

κ2 = 1.00	 in all other cases. 

The design shear resistance of class 1, 2 or 3 cross-sections, at time (t) of the fire 
process, shall be taken as equal to: 

Vfi,t,Rd = ky,θ,V Vc,Rd (γM0 / γM,fi ) 

where: 

Vc,Rd	 ultimate shear resistance of the cross-section for normal temperature 
design, in accordance with the criteria defined in this Code (see 
subsection 34.5); 

TITLE 4	 page 100 



     

         
      

   

     
        

         
            

       

           
      

     

        

          
  

         

         

       
  

          
  

         
        

      
  

       
         

   

              
     

        

             
       
         

     
        

         

  

      
        

             
 

ky,θ,V		 the corresponding value for θV, mean temperature of the effective 
shear section (AV) used for the normal temperature calculations, in 
accordance with subsection 34.5. 

As an alternative to the above procedures, as the Designer may so choose, the 
bending moment resistance of a class 1 or 2 cross-section and lateral buckling restraint 
may be checked using a discretisation that fulfils the specifications below. This shall be 
done by checking that there is a specific distribution of any of the forces {Fx,i, Fz,i} that 
fulfil the following equilibrium and resistance conditions (see Figure 46.4): 

Σ Fx,i = 0	 condition that determines the position of the neutral 
fibre (z = 0), which will usually be variable at time 
(t) of the process; 

|V fi,Ed / Σ Fz,i | ≤ 1 

|Mfi,Ed / Σzi Fx,i| ≤ 1 	 where Mfi,Ed and ΣziFx,i are assumed to have the 
same sign; 

(Fx,i2 + 3Fz,i2)0.5 /Fx,θ,i,Rd ≤1 	 for members contained within the partial area AV; 

Fz,i = 0 and |Fx,i /Fx,θ,i,Rd | ≤1 	 for other members; 

ithFx,θ,i,Rd		 resistance of the partial section, given in 
subsection 46.2; 

zi	 position of the resultant Fz,i (“mechanical arm” of 
such force). 

Adequate validity conditions for the discretisation adopted may be taken as being 
(a), (b) and (c) as specified in subsection 46.2, together with the additional condition a), 
and the following limits b) or c) for the temperature differences within each partial 
section: 

a)	 direct longitudinal stresses need not change sign within partial members or 
sections, so they must be subdivided in the case that they intersect with the 
neutral fibre; 

b) |θ2i – θ1i | ≤ 100 °C	 for members that are perpendicular to the bending plane 
and members that are parallel to the bending plane the 
mechanical arm of which (zi) is determined exactly; 

c) |θ2i – θ1i | ≤ 20 °C	 for members that are parallel to the bending plane (plane 
xz in Figure 46.4) where zi is calculated from the position 
of its centre of gravity (zi ≈ zGi in that Figure). 

This same calculation procedure also applies to combined bending and tensile 
loads (concomitant forces Nfi,Ed>0 and Mfi,Ed, and also the shear force Vfi,Ed where 
relevant), simply replacing the equation Σ Fx,i = 0 with: 

Σ Fx,i = Nfi,Ed 

If Vfi,Ed = 0 and the direct longitudinal stresses are also tensile stresses 
throughout the section (combined tensile load), the procedure described may be 
applied, even if the cross-section is of class 3 or 4 and/or there is no lateral buckling 
restraint. 
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Condition b) 

Condition c) 

Figure 46.4. Distribution of temperature and forces in a steel of class 1 or 2 cross-
section, for the ultimate bending limit state in a fire situation, with lateral buckling 

restraint. 

46.5. Lateral buckling of members subjected to bending 

The design lateral buckling resistance of a member of class 1, 2 or 3 cross-
section, and having the maximum steel temperature in the compressed flange of the 
section (θa,com) at time (t) during the fire process, may be obtained using the value of 
ky,θ,com corresponding to that temperature. The maximum temperature of steel in the 
compressed flange of the section (θa,com) may be assumed to be approximately equal to 
the uniform temperature of the section (θa,com = θa) in class 1 and 2 cross-sections, and 
equal to the maximum temperature of the section (θa,com = θa,max) in class 3 cross-
sections. Under these conditions, the ultimate design moment is obtained using the 
following expression: 

Mb,fi,t,Rd =ky,θ,com Mb,V,Rd (γM1 /γM,fi ) 

where: 

Mb,V,Rd	 design lateral buckling resistance of a laterally 
unrestrained member, and subject to bending 
moment about the major axis at normal temperature, 
including the reduction for the effects of shear force 
where relevant, in accordance with the criteria defined 
in Section 35 of this Code, with: 

χLT,fi	 reduction factor for lateral buckling, obtained using 
the same expressions as those given in this Code for 
normal temperature calculations, but modifying the 
following parameters: 

ΦLT, θ,com = 0.5 [1+Χ λ LT,θ,com +( λ LT,θ,com ) 2 ] 

)0.5 Χ =0.65 (235/fy imperfection factor for a fire situation, depending on 
fy, expressed in N/mm2; 

λ LT(ky,θ,com/kE,θ,com)0.5 non-dimensional slenderness used for the normal 
temperature calculations, corrected depending on the 
factors ky,θ,com and kE,θ,com obtained in subsection 45.1 

LT,θ,com = λ
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with the maximum temperature of the compressed 
area of the section (θa,com) at time (t) of the fire 
process under consideration. 

Ultimate shear resistance (Vfi,t,Rd) shall be calculated in exactly the same way as 
in the preceding subsection (subsection 46.4). 

46.6.	 Members subjected to compression and bending 

The resistance verification in a fire situation of a member subjected to combined 
bending and compression with a class 1, 2 or 3 cross-section, may be carried out, once 
its temperature distribution at a given time (t) of the fire process has first been 
evaluated in accordance with the criteria given in this Chapter of the Code, by means 
of applying the same verification criteria as those defined in this Code for normal 
temperature, but with the following changes: 

a)	 the loads Nfi,Ed, My,fi,Ed, and Mz,fi,Ed shall be used, as determined by means 
of the partial safety factors defined in Section 44 of this Chapter; 

b)	 for the calculation of the reduction factors for the buckling mode under 
consideration, the same parameter Φ and the same imperfection factor Χ 
shall be used for the fire situation, as given in subsections 46.3 and 46.5; 

c)	 the slendernesses used for the calculations at normal temperature shall 
be corrected by the factor (ky,θ/kE,θ)0.5, depending on the factors ky,θ and 
kE,θ obtained in subsection 45.1 with the maximum temperature (θ) of the 
member at time (t) of the fire process under consideration, both in order 
to obtain the buckling factors without torsion on each principal plane of 
inertia, and to obtain the buckling factor with bending and torsion. 

46.7.	 Members with class 4 cross-section 

For members with class 4 cross-sections (in accordance with subsection 46.1), 
the resistance verification for fire situation as indicated in subsections 46.3, 46.4, 46.5 
and 46.6 shall be conducted, but modifying them so that the area and resistance 
modulus of the cross-section are replaced by the effective area and resistance 
modulus of its effective section, obtained in accordance with subsection 20.7 and 
Section 34 of this Code. 

When determining the design resistance in a fire situation under tension, 
compression, bending or shear loads, the resistance (f0.2p,θ) shall be used for the steel, 
corresponding to a strain of 0.2 % . 

The values of the correction factors (k0.2p,θ) for steel resistance, depending on the 
temperature that it reaches, shall be taken from Table 46.7, where: 

k0.2p,θ = f0.2p,θ / fy	 quotient between resistance to high temperature and the yield 
strength at 20 °C. 
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Table 46.7. Correction factors depending on temperature of steel resistance for 
checking members with class 4 cross-sections 

Steel 
temperature 

Reduction factor (in 

relation to fyb) for the 

design resistance of hot-

rolled and welded steel 

sections of class 4. 

Reduction factor (in 

relation to fyb) for the 

design resistance of cold-

formed steel sections of 

class 4. 

20 °C 1.00 

100 °C 1.00 

200 °C 0.89 

300 °C 0.78 

400 °C 0.65 

500 °C 0.53 

600 °C 0.30 

700 °C 0.13 

800 °C 0.07 

900 °C 0.05 

1000 °C 0.03 

1100 °C 0.02 

1200 °C 0.00 
Note 1: Linear interpolation may be used for intermediate steel 
temperatures. 
Note 2: For fyb, see subsection 73.4. 

46.8. Verification in the temperature domain 

Under the conditions given in subsections 46.8.1 and 46.8.2, as the case may be, 
the resistance may be checked in the temperature domain as an alternative to the 
verification procedures set out in the preceding subsections: 

θa,t / θa,cr ≤ 1, 

where θa,t is the temperature of the steel once a standardised fire of duration t has 
passed and θa,cr is its critical value in accordance with those subsections. 
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46.8.1. Members with class 1, 2 or 3 cross-sections 

For structural members that are not likely to experience instability, either locally 
(i.e. cross-sections of class 1, 2 or 3, according to the type of analysis used), or at the 
member level, or globally (in short, where the reduction in modulus of elasticity E has 
no influence), for the reasons given in subsection 46.8, their critical temperature may 
be determined from Table 46.8.1, or using the following expression: 

where μ0 is the “degree of utilization”, given by: 

μ0 = Efi,d / Rfi,d,0 

where Efi,d and Rfi,d,t are the magnitudes defined in Section 46 of this Chapter, and 
Rfi,d,0 is equal to Rfi,d,t for t = 0 (i.e. at normal temperature). 

Table 46.8.1. Critical temperature, in °C, depending on the degree of utilization of 
members of class 1, 2 or 3 that are not susceptible to instability 

46.8.2. Members with a class 4 cross-section 

For members with class 4 cross-sections only tensioned, the critical temperature 
may be determined using the same expression as in subsection 46.8.1. 

For members with class 4 cross-sections subjected to bending and lateral 
buckling restraint unless subsection 46.7 is used, the resistance requirement at a point 
in time (t) of the fire process shall, as a simplification, be considered as satisfied if the 
temperature θa,t at any point of the section fulfils the following condition: 

θa,t/θ a,cr ≤ 1, where: 

θa,cr = 350 °C specific critical temperature for class 4 cross-sections under 
the aforementioned conditions. 

Section 47. Joint resistance verification 

Meeting all the following requirements shall be a sufficient validity condition for 
joints in a fire situation: 
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–		 the “effective thermal resistance of the coating” (rp,ef,d = rp,ef,k/γp) shall not be 
smaller in the fasteners than in the joined members; 

–		 the quotient Efi,d/Rfi,d,0 shall not be higher in the joint than in such members, 
where: 

Efi,d	 loads to be considered in the accidental fire situation, as defined in this 
Chapter; 

Rfi,d,0	 respective resistances, at time t = 0 of the fire process, i.e. at normal 
temperature but with γM,fi = 1; 

–		 the resistance verification at normal temperature for the joint, and for all 
members, shall be carried out in accordance with the criteria given in this Code. 

Section 48.	 Steel temperatures development 

48.1. Unprotected members 

The surface area of a steel member per unit length (Am, in m2/m), is defined as 
the portion of the perimeter area of its cross-section that is not outside the building, nor 
in contact with a floor or similar element that protects it, and has no fire protection 
coating. If the whole perimeter area is “exposed” (AL, magnitude usually tabulated by 
the Manufacturers), then obviously Am = AL. If Am varies throughout the member, its 
maximum value shall be taken. This subsection refers to members where Am ≥ AL /2, 
while the next subsection corresponds to members with Am = 0. Intermediate cases are 
not mentioned explicitly, but they are permitted by this Code; in such cases (0 < Am < 
AL /2), the Designer may choose between applying the criteria in this subsection, taking 
Am = AL /2, or applying the “advanced” calculation methods given in subsection 43.3. 

Depending on Am and the other parameters given below, the increase in 
temperature in the steel member (Δθa,t) is given by: 

h net,d Δt/(ρaca)Δθa,t = Sm ksh 

with: 

Sm = Am / V ≥ 10 m-1	 section factor (expressed in m-1), where V is the volume of steel 
in the member per unit length (in m3/m); 

ksh	 factor that may always be taken as equal to the unit, but which 
may be reduced for sections with not convex shape, using: 

ksh = 0.9Ab/ Am	 for I sections, where Ab is the part exposed to fire in the 
perimeter of the rectangle enveloping the section (Ab = 2(b+h) 
for fire exposure at the four sides, Ab = b+2h for exposure on 
three sides); 

ksh = Ab/ Am	 for other section types, where Ab is the part exposed to fire in 
the perimeter of the smallest convex polygon enveloping the 
section; 

Δt		 time interval, in seconds, considering the following limit: 

Δt ≤ minimum (5 sec, 5·103/Sm); 
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ρa, ca	 density and specific heat of the steel as defined in subsection 
45.1, expressed in kg/m3 and J/(kg°K); 

h net,d	 net heat flux per unit area, in W/m2, given by: 

h net,d = 5.67 10 -8 İ res[(θg,t +273)4 -(θm,t +273)4] + Χc(θg,t –θ m,t); 

θg,t	 temperature of gaseous mass (°C) defined in subsection 43.2 ; 

θm,t = θa,t	 surface temperature of the member (°C), which in this model is 
taken to be equal to the steel temperature (θa,t), which is 
assumed to be uniform throughout the section; 

İ res = 0.7	 total emissivity for carbon steel surfaces, using İ f = 1.0 for 
emissivity related to the type of enclosure; 

Χc = 25	 convective heat transfer coefficient for standardised fire, W/m2 

°K. 

When calculating Sm for a given section, the following expressions may be used, 
where (ta) are the steel thicknesses: 

a)	 for a tube of any cross-section and uniform thickness (ta) that is small in 
relation to its perimeter, and exposed on all sides: Sm ≈ 1/ta; 

b)	 for an open cross-section of any shape and uniform thickness (ta) that is also 
assumed to be small in relation to its perimeter: Sm ≈ 2/ta if the section is 
completely exposed; 

c)	 in the same case as for b), but with only half the perimeter exposed: Sm ≈ 1/ta; 

d)	 if the section is made up of various partial sections Ai that are all included in 
one of the cases above, the following weighted mean value may be used for 
the whole section: 

Sm = Σvi Si, with vi = Ai /ΣAi, 

where both summations are extended to the whole of all partial sections, and 
Si is the factor for an individual section corresponding to each of them by 
applying case a), b) or c) respectively; 

e)	 for other cases, the general definition Sm = Am /V may be applied, or the values 
given in Table 48.1 may be used if they are applicable. 
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Table 48.1. Section factor for unprotected steel members 
Open section exposed to fire on all sides: Tube exposed to fire on all sides: 

Open section exposed to fire on three sides: Hollow section (or welded box section of uniform thickness) 
exposed to fire on all sides: 

If t << b: Am / V ≈ 1 / t 

I-section flange exposed to fire on three sides: 

Am / V = (b+2tf)/(btf) 

If t << b: Am / V ≈ 1 / t 

Welded box section exposed to fire on all sides: 

If t << b: Am / V ≈ 1 / t 

Angle exposed to fire on all sides: I-section with box reinforcement, exposed to fire on all 

sides: 
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Flat bar exposed to fire on all sides: Flat bar exposed to fire on three sides: 

Am / V = 2(b+t)/(bt) Am / V = (b+2t)/(bt) 

If t << b: Am / V ≈ 2 / t If t << b: Am / V ≈ 1 / t 

48.2. Members with protective coating 

In this case, the magnitude V is defined in exactly the same way as in the 
preceding subsection, but the other magnitude involved in the section factor is now Ap, 
the area of the inner surface of the encasement per unit length of the member (in 
m2/m), discounting the part that could be outside the building or in contact with a floor, 
wall or similar member that protects it. If the steel section and the encasement are 
wholly or partially separated from each other, Ap must be measured using the smallest 
polygon, which is tangent to the steel surface with sides parallel to the encasement. 
This and other cases are shown in Table 48.2. 

In this case, the phenomena of surface radiation and convection are discounted, 
and the increase in temperature of the steel member is thus defined by: 

with: 


Sp = Ap/V section factor of the protected member (in m-1);
 

Δt time interval, in seconds, considering the following limit in 

this case: Δt ≤ 30 sec; 

ρa, ca	 density and specific heat of the steel as defined in 
subsection 45.1, in kg/m3 and J/(kg°K); 

υ  = ρpd cpd dp Sp /ρaca	 ratio of total calorific capacities of the encasement and the 
steel member, in cases a) and d) of subsection 48.3; 

φ = 0		 prescriptive value in cases b) and c) of the same 
subsection; 

dp	 thickness of the protection material in m; 

ρpd cpd	 design values for density and specific heat of the 
encasement in accordance with subsection 48.3, in kg/m3 

and J/(kg°K); 

rp,ef,d = rp,ef,k /γp	 design value for effective thermal resistivity of the 
encasement, in m2 °K/W, with γp given in 48.3; 

TITLE 4	 page 109 



     

          
       

     
       

       
    

      
  

     

       
     

           
           

       
    

      
             

      

rp,ef,k=(1+φ/3)dp/ λpk	 characteristic value for effective thermal resistivity of the 
encasement, in cases a) and d) of subsection 48.3; 

rp,ef,k	 value determined in accordance with subsection 48.4, in 
cases b) and d) of subsection 48.3; 

θa,t	 steel temperature (°C), which is assumed to be uniform 
throughout the section; 

θg,t	 temperature of gaseous mass (°C) defined in subsection 
43.2 ; 

Δθg,t	 increase in θg,t during Δt. 

For protection materials with a permanent moisture content that have been tested 
in accordance with case a) in subsection 48.3, the above incremental equation may be 
modified to allow for a “delay time” (Δtp) in the rise of the steel temperature when it 
reaches 100 °C, wherever the value of the delay time is determined in accordance with 
UNE-ENV 13381-4. This delay time depends on the humidity percentage used for the 
calculations, which may not exceed the maximum value defined in Table 45.2 (Pk) 
(case d)), or which is determined by testing as corresponding to the hygroscopic 
equilibrium at a temperature of 20 °C and relative humidity of 40 %. For cases b) and c) 
in subsection 48.3, Δtp = 0 shall be used prescriptively. 
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Table 48.2. Section factor for members with protective coating 

Design Description Section factor ( Ap / V ) 

Contour encasement of 
uniform thickness 

steel perimeter 
───────────── 
area of the steel cross-

section 

Hollow encasement of 
uniform thickness)1 

2 (b + h ) 
───────────── 
area of the steel cross-

section 

Contour encasement of 
uniform thickness, 
exposed to fire on three 
sides 

steel perimeter - b 
───────────── 
area of the steel cross-

section 

Hollow encasement of 
uniform thickness, 
exposed to fire on three 
sides)1 

2h + b 
───────────── 
area of the steel cross-

section 

1 Clearance dimensions c1 and c2, must not usually exceed h/4. 
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48.3. Required properties for protection materials 

The thermal properties of protection materials usually depend on the 
temperature, and are defined using the magnitudes λp, cp and ρp that appear in the 
equations in subsection 48.2. In general, the functions vary with temperature, λp(θ), 
cp(θ), ρp(θ), and for the purposes of simplification, where the notation does not explicitly 
mention such dependence, it must be understood as existing, where relevant. 

The design values for the parameters to be used for the design shall be obtained 
on the basis of the experimental values λpk, cpk and ρpk, and the effective thermal 
resistivity rp,ef,k defined in 48.2, applying a partial safety factor of γp in the following form: 

cpd = cpk	 ρpd = ρpk λpd = γp λpk, and consequently: 

rp,ef,d = rp,ef,k /γp 

The factor γp to be adopted shall be as follows: 

a)	 γp = 1.00 if the experimental values given by the Manufacturer of the protection 
encasement have been determined in accordance with the standards CEN/TS 
13381-1, UNE-ENV 13381-2 or UNE-ENV 13381-4, as appropriate; 

b)	 γp = 1.10 if the experimental values given by the Manufacturer come from 
adapting the results of standardised fire tests conducted in accordance with 
UNE standards not before 1997, wherever such results are converted using the 
specific criteria in subsection 48.4; 

c)	 γp = 1.25 for approved products according to previous UNE standards wherever 
their experimental values are converted using the specific criteria given in 
subsection 48.4; 

d)	 γp = 1.00 if experimental values are used for generic materials, taken from 
Table 45.2. 

In order to meet the requirements for the resistance verification of each member 
in accordance with the criteria in this Chapter, the corresponding steel temperatures 
shall be obtained using the design value rp,ef,d = rp,ef,k /γp, and applying the model given 
in subsection 48.2, for which its implementation in the form of computer programs, 
tables or abacus may be permitted if the two following conditions are fulfilled: 

–		 if such programs, tables or abacus comply with the model given in subsection 
48.2, as set out in that subsection, but then the conversion specified in 
subsection 48.4 has to be performed in cases b) and c), or if they are based on 
UNE-ENV 13381-4; 

–		 for cases b), c) and d): if such tables or abacus permit to use the appropriate 
factor γp, in each case. 

If neither of the two conditions is fulfilled, such programs, tables or abacus could 
be used if the factor γp is applied to steel temperatures (θa,t) deducted from the same, 
or, as an equivalent, the temperatures measured in tests shall be multiplied by the 
partial safety factor γp, and then, in either case, the resistance of each part shall be 
verified in accordance with the criteria in this Chapter of the Code. 
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The construction details and/or design specifications shall guarantee that the 
protection materials used and the procedures for joining or fixing them to the steel 
member keep them intact and effective during the standardised fire time tfi,requ 
according to subsection 43.2. In case a), this condition is fulfilled because of the 
conditions imposed by the aforementioned standards for the validation of each system 
tested. In cases b) and c), each Manufacturer must provide sufficient experimental 
documentation to show that the aforementioned integrity conditions have been met for 
the materials and fixings or joints used. In case d), the design shall include construction 
details that define the relevant reinforcing bars, anchoring, etc. 

It shall also be guaranteed the durability of the protection materials and, where 
relevant, the design shall specify the required maintenance conditions and, if 
necessary, additional coats or anti-corrosion protection arrangements. This 
requirement particularly applies to intumescent paint, above all in environments of high 
humidity, presence of chlorine ions or other agents that may affect the durability of the 
materials etc., both where such environmental conditions are due to building location, 
and to building use (pavilions with swimming pools, industrial activities, etc.). 

48.4. Conversion of experimental values 

The results of standardised fire tests under UNE-EN 1363 (parts 1 and 2) that are 
carried out in accordance with the various standards in CEN/TS 13381-1, UNE-ENV 
13381-2 or UNE-ENV 13381-4, in order to be applied to the design model defined in 
subsection 48.2, and for the purposes set out in subsection 48.3, shall be converted 
into characteristic values for effective thermal resistance of the encasement (rp,ef,k) by 
the procedure given in this subsection, which is based on the use of Table 48.4, which 
shows the steel temperatures (θa,t) calculated using the model in subsection 48.2. This 
is conventionally applied with φ = 0, with effective thermal resistance assumed to be 
constant during the process, and with γp = 1 (this partial safety factor shall then be 
introduced in accordance with subsection 48.3). 

The said Table constitutes the numerical definition of θa = θa(t, s), which 
theoretically depends on steel temperatures in the aforementioned hypotheses, where 
s = Sp/rp,ef. 

With each trio of experimental values: 

tex duration of the standardised test, in minutes; 

θa,ex maximum temperature reached in the steel, in °C; 

Sp,ex section factor, in m-1, calculated according to the criteria in subsection 
48.2. 

Table 48.4 obtains the case of (θa, t, s) for which the values of θa and t are the closest 
to the values of θa,ex and tex, fulfilling t ≤ t ex and θa ≥ θa,ex. The following shall be 
adopted as the corresponding value of rp,ef: 

rp,ef = Sp,ex /s (in m2 °K/W) 

It is permitted to refine the above definition of rp,ef by means of bilinear 
interpolation between cases in the Table where the “range” lies between t ex and θa,ex. 
The same content of Table 48.4 is shown in Figures 48.4.1 and 48.4.2, without a 
quantitative value (for which purposes only the Table is valid). 
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The determined values for rp,ef are grouped into batches {rp,ef,i / 1≤i≤N}, including 
N definitions that correspond to the same type and thickness (dp,ex) of the protection 
product, with equal values of tex and Se; however, definitions may be grouped together 
although corresponding to different tex and/or Sex values, if the most unfavourable 
values are taken for the usage limits given below. The characteristic value of each 
batch shall be: 

rp,ef,k = [1 - 1/(5N)] min°(rrp,ef,i ) 

The values for rp,ef,k thus obtained may be used for the design calculations (but 
now applying γp), with the following conditions being met for each value of rp,ef,k: 

–		 as a sufficient use condition for each value of rp,ef,k, the following must also be 
fulfilled at the same time: 

tfi,requ ≤ tex, Sp ≈ Sex (±25 %) dp = dp,ex; 

–		 extrapolations for tfi,requ > tex shall never be permitted; 

–		 where there are no significant variations (up to ±50 %) in the definitions of rp,ef,k 
for a fixed value of product thickness (dp,ex) with different tex and Sp, 
interpolations shall be permitted for intermediate values of these latter 
magnitudes; 

–		 if a relatively low variable value (up to ±25 %) is found for the ratio dp,ex /rp,ef,k in 
all or some of the cases tested, interpolations shall also be permitted depending 
on the corresponding values of dp,ex, but no extrapolations shall be permitted. 

Table 48.4. Steel temperatures θa = θa(t, s) in °C, for 15 ≤ t ≤ 240 minutes and 50 ≤ s ≤ 
6000 W/(m3 °K) 

s Time t (minutes) 
(W/m

3 
°K) 15 30 45 60 75 90 105 120 150 180 210 240 

50 27 37 48 59 70 81 92 103 125 147 168 189 

100 35 54 73 94 114 134 153 173 211 248 283 318 

150 42 69 98 126 154 181 208 234 285 222 278 420 

200 49 84 121 156 191 225 258 289 349 405 456 502 

250 56 99 142 185 226 265 302 338 406 466 520 569 

300 62 113 163 211 258 302 343 383 455 519 575 624 

350 69 127 183 237 288 336 381 423 499 564 621 670 

400 75 140 202 261 316 367 415 459 537 603 660 706 

450 82 152 220 283 342 397 446 492 571 638 693 729 

500 88 165 238 305 367 424 475 522 602 668 718 738 
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s 
(W/m

3 
°K) 

Time t (minutes) 

15 30 45 60 75 90 105 120 150 180 210 240 

600 100 188 270 345 413 472 526 574 654 714 729 777 

700 112 211 301 382 453 515 569 617 695 735 770 837 

800 123 232 329 415 489 552 606 654 723 751 818 894 

900 134 252 356 445 520 584 639 685 735 783 865 941 

1000 145 271 380 472 549 613 667 709 747 822 908 978 

1100 155 290 403 498 575 638 691 726 768 859 943 1008 

1200 165 307 425 521 598 661 710 734 795 893 972 1031 

1300 175 324 445 542 619 681 724 740 824 922 996 1050 

1400 185 340 464 561 638 698 732 751 851 946 1015 1065 

1500 194 355 481 579 655 712 737 767 876 967 1031 1077 

1600 203 369 498 596 671 723 743 786 899 985 1044 1087 

1700 212 383 513 611 685 730 752 805 919 1000 1055 1095 

1800 221 397 528 625 698 735 765 824 936 1012 1064 1102 

1900 229 409 542 639 709 738 779 843 952 1023 1072 1107 

2000 238 421 555 651 718 743 794 860 965 1032 1078 1112 

2100 246 433 567 663 725 750 809 876 977 1040 1084 1115 

2200 254 444 578 673 730 759 824 891 987 1047 1088 1118 

2300 261 455 589 683 733 769 839 904 996 1053 1092 1121 

2400 269 465 599 692 736 780 852 916 1003 1058 1095 1123 

2500 276 475 609 700 738 791 865 927 1010 1062 1098 1125 

2600 283 485 618 707 742 803 877 937 1016 1066 1100 1127 

2700 290 494 627 714 746 814 888 945 1021 1069 1102 1128 

2800 297 503 635 719 752 825 898 953 1026 1072 1104 1130 
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s 
(W/m

3 
°K) 

Time t (minutes) 

15 30 45 60 75 90 105 120 150 180 210 240 

2900 304 511 643 724 759 835 907 960 1030 1074 1106 1131 

3000 311 519 651 728 766 845 915 967 1034 1076 1107 1132 

3100 317 527 658 731 773 855 923 973 1037 1078 1108 1133 

3200 323 534 665 733 781 864 930 978 1040 1080 1110 1134 

3300 330 542 671 735 789 872 937 982 1042 1081 1111 1134 

3400 336 549 678 736 797 880 943 987 1045 1083 1112 1135 

3500 342 555 683 738 805 887 948 991 1047 1084 1112 1136 

3600 347 562 689 740 812 894 953 994 1049 1085 1113 1136 

3700 353 568 694 743 820 901 958 997 1050 1086 1114 1137 

3800 359 574 699 746 827 907 962 1000 1052 1087 1114 1137 

3900 364 580 703 749 834 912 965 1003 1053 1088 1115 1138 

4000 369 585 707 753 841 917 969 1005 1054 1089 1116 1138 

4100 375 591 711 757 847 922 972 1007 1056 1089 1116 1139 

4200 380 596 715 761 853 927 975 1009 1057 1090 1117 1139 

4300 385 601 718 766 859 931 978 1011 1058 1091 1117 1139 

4400 390 606 721 771 865 934 980 1013 1058 1091 1117 1140 

4500 395 611 723 775 870 938 983 1014 1059 1092 1118 1140 

4600 399 615 726 780 875 941 985 1016 1060 1092 1118 1140 

4700 404 620 728 785 880 944 987 1017 1061 1093 1119 1141 

4800 409 624 730 790 884 947 989 1018 1061 1093 1119 1141 

4900 413 628 731 795 888 950 990 1020 1062 1093 1119 1141 

5000 417 633 732 800 892 952 992 1021 1062 1094 1120 1141 

5100 422 637 734 804 896 955 998 1022 1063 1094 1120 1142 
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s 
(W/m

3 
°K) 

Time t (minutes) 

15 30 45 60 75 90 105 120 150 180 210 240 

5200 

5300 

5400 

5500 

5600 

5700 

5800 

5900 

6000 

426 

430 

434 

438 

442 

446 

450 

453 

457 

640 
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648 
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661 

664 

667 

734 

735 

736 

737 

738 

739 

740 

741 

743 

809 

814 

818 

822 

826 

830 

834 

838 

841 

900 

903 

906 

909 

912 

915 

917 

919 

922 

957 995 

959 996 

961 997 

963 998 

964 999 

966 1000 

967 1001 

969 1002 

970 1003 

1022 

1023 

1024 

1025 

1025 

1026 

1027 

1027 

1028 

1063 

1074 

1064 

1065 
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1066 

1066 

1066 
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1095 

1095 

1095 

1096 

1096 

1096 
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1097 

1097 

1120 

1120 

1121 

1121 

1121 

1121 

1122 

1122 

1122 

1142 

1142 

1142 
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1143 
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Figure 48.4.1. In y-y axis: steel temperatures θa, 0 ≤ θa ≤ 1200 °C. In x-x axis: variable s, 0 ≤ s 
≤ 6000 W/(m3 °K). Each curve corresponds to the given value of t, in minutes 

Figure 48.4.2. In y-y axis: steel temperatures θa , 0 ≤ θa ≤ 1200 °C. In x-x axis: time t , 0 ≤ t ≤ 
240 minutes. Each curve corresponds to the given value of s, in W/(m3 °K) 
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CHAPTER XIII. EARTHQUAKE DESIGN OF 
STEEL STRUCTURES 

Section 49. General 

This Chapter will discuss certain particular aspects of the design and execution of 
steel structures for earthquake action to supplement the general provisions of the 
Earthquake-Resistant Construction Standard NCSE-02, approved by Royal Decree 
997/2002 of 27 September 2002, and specific provisions that apply to particular types 
of construction, such as the Earthquake-Resistant Construction Standard: Bridges 
(NCSP-07), approved by Royal Decree 637/2007 of 18 May 2007 (deposits, pipework, 
etc.). 

This Chapter is particularly aimed at the design and execution of those parts of 
structures forming the system of resistance to earthquake actions. 

The Earthquake-Resistant Construction standards in force set out elastic 
response spectra that may be modified taking account of the capacity of the structure 
to exhibit ductile performance, i.e. whether it has plastic stability. Where the design of 
the structure defines the load on the basis of the elastic spectrum, without any 
reduction for ductility, it is not necessary to use any other arrangements than the 
general ones (applicable to construction situated in areas of low or zero seismicity) 
contained in this Code and in Section 50 below. The use of reduced design spectra 
does however mean that the conditions detailed in this Chapter must be observed 
strictly, which are more restrictive than the general conditions. 

Section 50. Design bases 

The design bases for structures subjected to earthquake actions are those set 
out in Title 1, Design Bases, of this Code. Section 13, on combined actions, defines the 
expression of the combination in which the earthquake action is involved. 

In the case of special construction (bridges, deposits, pipework, etc.), it may 
happen that the corresponding specific standard requires a checking of the structure 
for different combinations from those defined in this Code, or even for more than one 
combination. 
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The values given in Chapter III of this Code or those defined in the specific 
standards that apply to particular types of construction shall be taken as semi-
permanent representative values for variable actions. 

50.1. Limit states 

The ultimate limit states corresponding to the effects of movements that may 
cause serious damage shall be taken explicitly into consideration, such as those 
produced by the impact between adjacent constructions (or between separated parts of 
the same construction) or loss of support. The corresponding checking shall be based 
on an estimate of the width of the joint or the bearing length required to avoid such 
effects without leading to an evaluation of their consequences. 

In general, in order to estimate the width of the joint or bearing length required, 
the provisions of the Earthquake-Resistant Construction Standard and of any Code of 
specific application. 

For buildings and in the particular case of joints between separate bodies of the 
same building (expansion joints) that separate constructions with similar properties 
(with similar basic periods in the direction of the earthquake under consideration), the 
width of the joint may be estimated as the square root of the sum of the squares of the 
movements of each block. 

In the case of bridges, the ultimate limit states corresponding to the impact 
between the deck and the abutment and that corresponding to the loss of support in 
piles and abutments shall be considered explicitly. 

50.2. Actions 

Where earthquake action is specified using a response spectrum, it shall comply 
with the Earthquake-Resistant Construction Standard in force or, in the special case of 
constructions for which the application of that spectrum is inadequate (bridges, 
deposits, etc.) owing to their special properties (basic period outside the standard 
range), with the specific Codes that apply. In some of these cases, it will be necessary 
to use different spectra for the safety and service checking. 

Where earthquake action is specified using temporary records, generated 
digitally or corresponding to actual quakes, their compatibility with the corresponding 
spectra shall be demonstrated, and the specifications in the Code that apply shall be 
complied with, in relation to the number and duration of the records. 

This Code does not cover any other definitions for earthquake action. 

The reduction factors for the elastic spectrum shall be those used in the 
earthquake resistance regulations. 

Any conservative value that can be demonstrated (e.g. using plastic designs) of 
the ratio between the load amplifier “α” corresponding to the collapse and first 
plastification situations (Figure 50.2) may be used to reduce the elastic spectrum in the 
case of frames with stiff or partially braced nodes (the axes of the bars do not meet at 
the nodes). In other words, it is permitted to increase the value of the ductility 
performance factor “μ” prescribed by the Earthquake-Resistant Reconstruction 
Standard for the ratio αu/αy. 
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As a limit, values for the aforementioned ratio shall not apply if they are greater 
than: 

Type of structure 
Maximum value of ratio 

αu/αy 

Frames with rigid nodes and one storey. 1.1 

Frames with rigid nodes and various 
storeys. 1.2 

Frames with rigid nodes, various storeys 
and various column alignments. 1.3 

Structures that are braced using 
incomplete triangles. 1.1 

Figure 50.2 

Section 51. Structural analysis 


Forces and displacement shall be evaluated on the basis of realistic modelling of 
the performance of the construction as a whole. If applicable, the contribution of non-
structural members to stiffness shall be considered (in the case of buildings, 
enclosures, partitions, staircases, etc.). 

Where it is not possible to evaluate precisely the effect of such members on the 
construction‟s stiffness, either because there is not sufficiently precise knowledge of its 
performance or because they may undergo changes throughout the working life of the 
construction, conservative values shall be adopted. 

This will generally lead to perform several analyses. Forces shall be evaluated 
using models where the stiffness is not less than the actual stiffness. For the evaluation 
of displacement, however, the stiffness values used shall not be greater than the actual 
values. 

The masses to be considered by each model shall be consistent with the loads 
considered by the corresponding hypotheses and, in the case of deposits, submerged 
piles, etc., they shall correspond to an acceptable fluid-structure interaction model (e.g. 
impulsive and convective masses in deposits). In the case of buildings, the masses 
corresponding to service overloads may be reduced by 10 %. 
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In the case of constructions where non-structural members are distributed 
asymmetrically on plane (building with a party wall at one side and a light front on the 
opposite side) or irregular on elevation (commercial ground floor), the structural model 
must consider explicitly the adverse effect of such circumstances (modes of torsion and 
concentration of the need for ductility, respectively). 

The significance of the second-order effects shall be estimated in accordance 
with the criterion specified in standard NCSE-02: 

with the meanings discussed therein. 

Where the above condition is not fulfilled but θ ≤ 0.20, the effects of amplification 
may be estimated by multiplying the structural response (in the variables under 
consideration, movement forces) by the ratio 1/(1-θ). 

Under no circumstances may θ be greater than 0.3. 

Section 52. Materials 

Where the design does not consider any reduction in the spectrum, no conditions 
shall apply to the materials other than those set out in Title 3 of this Code. 

If any reduction for ductility is considered, more restrictive conditions shall 
generally be required for the materials. In this case: 

–		 for structural steel, the conditions set out in the Earthquake-Resistant 
Construction Standard shall apply. Specifically, steel shall comply with the 
provisions of Section 26 of this Code, particularly the provisions relating to 
ductility and the prevention of failure due to lamellar tearing (26.3 and 26.4); 

–		 for cross-sections, the conditions set out in the Earthquake-Resistant 
Construction Standard shall apply. Specifically, the previsions relating to 
symmetry and the cross-section class shall apply; 

–		 bolts shall preferably be of grades 8.8 or 10.9. 

Section 53. Structural members  

53.1. General 

In a conventional structural frame of bars joined at the ends, the dissipation areas 
shall be designed to be situated in the bars, wherever, in general, the joints do not 
allow for stable deformation of sufficient value to dissipate energy in a significant way. 
Wherever possible, joints shall be situated away from the dissipation areas. If this is not 
possible, they shall be designed following a capacity approach, and using an adequate 
over-resistance factor. 
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It is assumed for splices between identical cross-sections, made using butt 
welding with total penetration, to provide sufficient over-resistance without the need for 
digital checking. 

53.2. Beams 

Sections of deflected members shall fulfil the provisions of the Earthquake-
Resistant Construction Standard with regard to symmetry and class. 

Lateral bracing of the beams shall be checked under failure conditions. 

It shall be checked that the bending capacity in the dissipation areas does not 
undergo any significant losses owing to concomitant axial force or shear. The following 
expressions shall therefore be used: 

1
M
M

Rdpl,

Ed 

0.15
N
N

Rdpl,

Ed 

where: 

where: 

MEd, NEd and VEd the design forces; 

Mpl,Rd, Npl,Rd, Vpl,Rd section resistance; 

VEd,G shear force owing to non-seismic actions. 

In general, this will be: 

where the sub-index A or B refers to each end of the beam and L is its span length 
(between hinges). 

53.3. Supports 

Supports shall be checked in compression for the most unfavourable combination 
of axial and bending forces. 

The estimate of moments acting on the supports shall consider the relevant over-
resistance factors. 
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53.4. Frames 

Where the structure is organised into frames, they shall satisfy the provisions set 
out in Chapter V, Structural Analysis, of this Code and in the corresponding subsection 
of the Earthquake-Resistant Construction Standard. 

The only types of frame that are permitted in structures situated in earthquake 
areas are rigid and braced frames. The designing of semi-rigid, dual or mixed frames 
that combine the rigidities of different resistance systems is not permitted. 

For braced frames, the necessary construction measures shall be adopted so as 
to ensure that triangular members do not support permanent loads. 

Section 54. Joints 

For the design of joints, and particularly where they are situated or demarcate a 
dissipation area, details must be avoided if they: 

–		 produce stress concentration effects (geometric or metallurgical notches), 
paying particular attention to ensuring adequate congruence between re-
entrant angles, sufficient vent hole size, minimising any crossing of weld 
chords, etc.; 

–		 require the existence of plastic deformation with a high value (e.g. for the 
forming of members with significant thickness); 

–		 add residual tension with a high value (unnecessarily large weld chords, 
combined actions during welding, etc.); 

–		 encourage failure through lamellar tearing; 

–		 make execution and monitoring excessively difficult. 

The use of joints on members with small thickness by means of self-tapping bolts 
and the like shall be limited to the design of non-ductile structures or those situated in 
areas where there is no dissipation. 

In general, the design of semi-rigid joints between members that form part of the 
earthquake resistance diagram shall not be permitted. 

For dissipation areas, the existence of members that transmit forces in the 
direction of the thickness shall not be permitted. 
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TITLE 5. JOINTS AND STRUCTURAL MEMBERS 

CHAPTER XIV. JOINTS 

Section 55. General 

55.1. Bases 

Joint connections in a structure should be designed to fulfil the intended level of 
safety, serviceability and durability, and  the ability to withstand at least the stresses 
provided for them in the global analysis of the structure. 

55.2. Manufacture and assembly 

Joints should be designed for ease of use and safety. Special attention shall be 
paid to providing the space required to: 

Assemble components safely. 

Tighten the bolts. 

Need for access for welders. 

Accessibility for people in charge of performing protection and maintenance 
treatments and inspection work, and their teams. 

The effect of the length and angle tolerances between the faces of a single part 
on the fit with contiguous parts should also be taken into account. 

55.3. Transmission of forces 

The arrangement of each joint shall be studied to ensure that, with a minimum of 
members, the existing forces are transmitted under the best possible conditions and so 
as to minimise secondary forces. 

55.4. Nodes in triangular structures 

In the case of triangular structures, compliance with the above condition shall be 
facilitated if the axes of the bars to be joined in a node come together in a point and 
when the angle formed by contiguous bars is between 30º and 150º. 

If both conditions are met, it may be assumed that the bars are joined in the 
node. This assumption may not be made if the second condition is not met, or if any 
loads are applied to intermediate points of the bar other than its own weight or the 
direct action of the wind, or if the ratio of span to height  of the structure is less than 6. 

If the first condition is not met, the corresponding eccentricity shall be taken into 
account in the calculation, notwithstanding the provisions of Section 64 for certain joints 
between tubular sections.  
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55.5. Splices 

Splices are extension joints of bars or profiles of the same or very similar section. 
Splices shall only be permitted if included in the design or workshop drawings duly 
approved by Project Management. 

55.6. On-site joints 

The number of joints made on site shall be reduced to a minimum. For this 
purpose, it is advisable for the Designer and Constructor to work together to resolve 
transport and assembly issues that such a reduction may cause. 

It is advisable to follow best building practice of designing joints to be made on 
site bolted together. 

55.7. Hybrid connections 

Hybrid joints are joints in which two or more different joining means (welding or 
bolting) are used together to transmit a given force between two separate parts. 

This does not include the transmission of a given force from one part to another 
using a given joining means, and from this second part to a third part using a different 
means. 

Section 56. Determination of forces in joints and 
distribution between components 

56.1. Forces in joints 

The forces applied to joints are determined by means of a global analysis of the 
structure, carried out in accordance with the provisions of Chapter II (Project Bases) 
and Chapter V (Structural Analysis) of this Code. 

This global analysis shall take specific account of secondary effects and 
structural imperfections, where relevant, and the flexibility of joints in all cases. 

Joints shall be dimensioned to withstand at least the forces applied to them, 
calculated as indicated above. Under no circumstances shall the forces NEd, MEd and 
VEd be less than: 

Half of the plastic axial force of the part section, NEd = 1/2 Np = 0.5Afy in parts 
subjected predominantly to axial forces, such as columns, ties and lattice parts. 

Half of the elastic moment of the part section, MEd = 1/2 Mel = 0.5 Wefy and one 
third of its plastic shear force, VEd = 1/3 Vp ≈ 0.2Awfy in internal points of flexed parts. If 
the joint is located less than two heights  away from the anticipated location of a plastic 
hinge, half of the elastic moment Mel shall be replaced with the full plastic moment, MEd 

= Mpl = 2Syfy, subject to detailed study. 

One third of the plastic shear force of the part section VEd = 1/3Vp ≈ 0.2Awfy in 
articulated ends of flexed parts. 

Unless said forces have been determined precisely and cannot be increased by 
introducing new members in the construction or by the presence of members not taken 
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into consideration, it is advisable to dimension the joints for the maximum forces that 
the parts can transmit, depending on the working method to be used on them. 

56.2. Stress distribution 

The distribution of forces between the different elements of the joint, based on an 
elastic linear analysis of the joint, shall be permitted in all cases. 

Alternatively, where expressly authorised in this Code and on the basis of the 
principle of minimum plasticity, distributions based on non-linear analyses shall be 
permitted. Any distribution of forces between the different members of the joint that 
meets the following conditions shall be accepted as correct: 

The sum of the forces and moments assumed for each of the different elements 
of the joint are in equilibrium with the external forces applied to it. 

Each element of the joint is able to withstand the forces allocated to it in the 
distribution. 

Each element of the joint has sufficient deformation capacity to make the 
proposed distribution physically possible. 

The distribution of forces should be realistic with regard to relative stiffnesses 
with the joints elements involved, preferably transmitted through the joint via the most 
rigid areas. 

If the fracture line method is used to justify a particular distribution, it must be 
checked by testing. The exceptions expressly given in this Code shall apply. 

Stress distribution may not be made using plastic methods in the cases indicated 
in section 58.10. 

Section 57. Classification of joints subjected to bending 
moment 

57.1. General 

This section looks at joints between two parts (such as beam-column joints or 
beam splices) that are essentially intended to transmit bending moments. 

57.2. Moment-rotation characteristic 

A joint intended to transmit moments is defined once the relation between the 
moment applied to it and the relative rotation it permits between the parts to be joined 
is known. The graphical representation of this relation is known as a moment-rotation 
characteristic. 

In general, this diagram has a linear branch, Figure 57.2.a (1), a plastification 
start zone, Figure 57.2.a (2), and a major deformation branch, Figure 57.2.a (3). 
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Figure 57.2.a Design Moment-rotation characteristic 

These characteristics can be obtained by testing or using numerical methods that 
consider the non-linearity of the different materials, structural steel, weld metal, bolts, 
etc., used in the joint. For calculation purposes, they may be replaced by simplified, 
two- or three-line diagrams obtained from the real diagram, with the sole condition that 
all of its points be below it, Figure 57.2.b. 

Real Actual 
Simplificado Simplified 

Figure 57.2.b Simplified moment-rotation characteristic  

A simplified diagram is defined by three parameters, Figure 57.2.b: 

Moment resistance MRd, determined by the highest y-axis value of the 
diagram. 

Rotation capacity, ΦCd, determined by the highest x-axis value of the 
diagram. 

Rotational stiffness, Sj, depending on the linear branch passing the origin. 

57.3. Classification by strength  

Joints are classified as follows, depending on their strength relative to the 
strength of the parts to be joined: 

Nominally pinned joints are joints that should be incapable of transmitting 
significant moments (greater than 25 % of the plastic moment of the parts to be joined), 
which might adversely affect the performance of individual parts of the structure. They 
should be capable of accepting the rotations provided for in the global analysis. 
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Full strength joints, whose ultimate moment is equal to or greater than that of the 
parts to be joined, MRd ≥ Mpl.Rd. 

Partial-strength joints are joints that do not meet the criteria for nominally pinned 
or full-strength. Their ultimate moment may not be less than that determined in the 
analysis, MRd ≥ MEd. 

In any case, the rotation capacity of the joint shall be such as not to limit the 
formation of the plastic hinges provided for in the analyses. 

The rotation capacity of a joint must be demonstrated experimentally or by 
numerical means that take account of the non-linearity of the performance of the 
materials and elements involved, except where this Code provides simplified methods 
for calculating it, as in Section 62. 

Specifically, if the ultimate moment of a full-strength connection is at least 20 % 
greater than the plastic moment of the largest part being joined, MRd ≥ 1.2Mpl.Rd the 
rotation capacity need not be checked, this being deemed sufficient. 

,
 

57.4. Classification by stiffness  

Joints are classified as follows, depending on their rotational stiffness Nominally 
pinned joints which are joints whose stiffness meets the following condition: 

ES b
 

j ini
 
2


Lb 

,
 

where Ib and Lb are the second moment of area and the length of the connected 
beam. 

Rigid joints or abutments are joints whose deformation has no significant 
influence on the laws of global forces of the structure or its general deformability. Joints 
whose initial stiffness Sj,ini in their moment-rotation characteristic  complies with the 
condition below shall be placed in this category: 

El
 

S b
 

j
 
ini

 k 
Lb 

where k shall be 8 if the beam is part of a non-translational portal frame, or 25 if it is 
part of a translational portal frame. 

Semi-rigid joints are joints that do not meet the criteria for nominally pinned 
connections or rigid joints. Joints that are not nominally pinned connections and that 
are part of portal frame floors for which the following is true shall also be classified as 
semi-rigid: 

K
K
b
 

 0,1 
c
 

where Kb is the average value of Ib/Lb for all of the beams at the top of the storey and Kc 

is the average value of Ic/Lc of the columns or pillars of said storey. 
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57.5. Modelling joints in the global analysis 
In general, for the global analysis, joints shall be modelled using their moment

rotation characteristic. 

Joints may be modelled using nominally pinned connections that do not transmit 
bending moment. Full-strength joints may be modelled as a continuous (or rigid) node. 
In these cases, the moment-rotation characteristic for the joint need not be included. 

In the case of semi-rigid or partial-strength joints, the stiffness of the joint Sj, 
which is the moment Mj,Ed (defined by its moment-rotation diagram), must be used in 
the global analysis to determine the forces in the structure. 

As a simplification, in the case of global elastic and plastic analysis, a two-line 
diagram may be used (such as the one shown in Figure 57.2.b) in which the stiffness Sj 

is: 

Sj,ini /η. 

As a simplification in the case of global elastic analysis, the rotation stiffness for 
all moment values MEd may be as follows: 

Sj,ini if MEd ≤ 2/3 MRd 

Sj,ini /η if MEd ≤ MRd 

The parameter η shall be 2 for beam-column joints, 3.5 for beam-beam joints, 
splices and bases with angle irons bolted to the flanges, and 3 for any other type of 
joint. 

Section 58. Bolted joints 

58.1. Bolt types 
The bolts used in structural steel joints shall preferably be of one of the following 

classes: 4.6, 5.6, 6.8, 8.8 or 10.9, covered by one of the standards provided for in 
section 29.2 of this Code. 

Bolts whose class is below 4.6 or above 10.9 shall not be used without 
experimental demonstration that they are suitable for the joint for which they are 
intended. 

The nominal yield strength fyb and ultimate tensile strength fub values of the steel 
used in the bolts of permissible classes are shown in Table 58.1. 

Table 58.1. Nominal values of yield strength fyb and ultimate tensile strength fub for bolts 
BOLT CLASS  4.6 5.6 6.8 8.8 10.9 

fyb, N/mm2 240 300 480 640 900 

fub, N/mm2 400 500 600 800 1 000  

Grade 8.8 and 10.9 bolts are classified as high-strength. 

58.2. Categories of bolted joints 

Bolted joints are classified into five categories depending on how the bolts are 
worked. Three categories apply to joints in which the bolts are stressed perpendicular 
to their axis (categories A, B and C) and the other two (categories D and E) apply to 
joints in which the bolts are stressed in the direction of their axis (i.e. tension). 
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Category A: Joints in which the ordinary or high-strength bolts work in shear and 
compression. If the bolts are high-strength (classes 8.8 or 10.9) they need not be pre
loaded and the contact surfaces need not undergo any special preparation. This should 
be calculated in accordance with the provisions of section 58.6. For obvious reasons of 
economy, joints of this category shall be used if the bolts will be loaded perpendicular 
to their axis. If the part is subjected to fatigue, impacts or alternating forces, the use of 
high-strength bolts pre-loaded  to N0 (as indicated in section 58.8) is recommended, 
although the bolts may continue to be calculated in shear and compression. 

Category B: Joints made using pre-loaded, high-strength bolts with prepared 
contact surfaces that are not intended to slip in serviceability limit state. In the ultimate 
limit state, the joint may slip and the bolts may work in shear and compression. The 
force Fs.Ed to be transmitted, calculated in serviceability limit state, must comply with the 
following: 

Fs.Ed≤ Fs.Rd 

where Fs.Rd is the value given in section 58.8.In ultimate limit state, the joint shall be 
checked in accordance with the provisions of section 58.6. 

Category C: Joints made using pre-loaded high-strength bolts with prepared 
contact surfaces that are not intended to slip in the ultimate limit state. The force Fs.Ed to 
be transmitted, calculated in ultimate limit state, should comply with the following: 

Fs.Ed≤ Fs.Rd 

where Fs.Rd is the value given in section 58.8. 

It shall also be checked that, in ultimate limit state: 

-	  joint resists shearing and compression in accordance with the provisions of 
section 58.6.This condition may be deemed met if the thickness tmin of the 
thinnest part to be joined is greater than d/2.4 if the parts are made of S 235 or 
S 275 steel, or d/3.1 if the parts are made of S 355 steel; 

- The force to be transmitted, Fs.Ed, is less than the plastic resistance of the net 
area of the part: 

Fs.Ed≤ Anet fy /γM0 

This category of joints is used if, to simplify assembly, drill holes that are oversize 
or slotted in the direction of the force to be transmitted are used, or if any slipping of the 
joint would significantly reduce the strength or stiffness of the structure, or if the bolts 
are used jointly with weld seams in hybrid joints. 

Category D: Joints made using ordinary or high-strength bolts working in 
tension. If high-strength bolts are used, they need not be pre-loaded and the contact 
surfaces need not be prepared. The use of joints in this category is not recommended if 
they are to be subjected to frequent variations in the tensile force to be transmitted, 
although they may be used if said tensile forces are attributable exclusively to wind 
loads. 

Category E: Joints made using pre-loaded, high-strength bolts working 
intension. Pre-loading improves the stiffness of the joint in serviceability limit state and 
fatigue resistance, although this limit depends to a great extent on constructional 
details and adjustment tolerances between parts. Surfaces need only be prepared if 
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the joint is subjected to forces perpendicular to the axis of the bolts as well as tensile 
forces (joints in categories E+B or E+C). 

58.3. Bolt holes 

Bolt holes should preferably be drilled. They may be punched if the diameter of 
the hole is greater than the thickness of the part, provided that said thickness is not 
greater than 15 mm and the parts to be joined are not subject to fatigue stressing. 

The standard diameter of holes shall be the shank of the bolt plus: 

1 mm for bolts with a diameter of 12 and 14 mm, 

1 or 2 mm for bolts with a diameter of 16 to 24 mm, 

2 or 3 mm for bolts with a diameter of 27 mm or more. 

Holes for 12 and 14 mm bolts may have 2 mm play provided that the 
compression strength of the group of bolts is less than the shear strength. 

In high-strength slip-resistant bolted connections, oversized or short or long 
slotted holes may be used to facilitate assembly of the parts. 

For oversize holes, the drill diameter shall be the shank of the bolt plus: 

- 3 mm for 12 mm bolts, 

- 4 mm for 14 to 22 mm bolts, 

- 6 mm for 24 mm bolts, 

- 8 mm for bolts with a diameter of 27 mm or more. 

For anchoring bolts in base plates, oversized holes with the clearance indicated 
by the Designer may be used, provided that said drill holes are covered with a splice 
plate of suitable size and thickness. The holes in the cover plates shall be of standard 
diameter. If the anchoring bolts have to withstand forces perpendicular to their axis, the 
splice plates must be welded to the base plate with a weld strong enough to transmit 
such forces. 

The width of short or long slotted holes perpendicular to the force shall be the 
same as the diameter of the corresponding standard holes. In the direction of the force, 
the distance e (Figure 58.3) for short slotted holes shall be: 

(d + 4) mm for 12 to 14 mm bolts, 

(d + 6) mm for 16 to 22 mm bolts, 

(d + 8) mm for 24 mm bolts, 

(d + 10) mm for bolts of 27 mm or greater. 

For long slotted holes, it shall in all cases be as follows: 

e = 2.5 d mm, where d is the diameter of the shank of the corresponding bolt. 
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Figure 58.3. End and edge distances for Slotted holes 

The use of long slotted holes is permitted if relative movement between the parts 
to be joined is permitted. In this case, the designer shall determine the length of the drill 
hole. In any case, to avoid durability issues, long slotted holes on the outer faces of 
parts must be covered with splice plates of suitable size and thickness having holes no 
larger than standard. 

58.4. Position of holes 

Holes for bolts should be arranged so as to hinder corrosion of the parts to be 
joined, to prevent local buckling, to enable the easy placement of bolts and nuts, and 
not to unnecessarily reduce the compression strength of the parts to be joined. 

Table 58.4.a sets out the maximum and minimum limits for the hole and edge 
distances defined below and in Figures 58.4.a and 58.4.b, where: 

e1 Distance from the centre of a hole to a contiguous edge, measured in the 
direction of the force to be transmitted. 

e2 Distance from the centre of a hole to a contiguous edge, measured 
perpendicular to the force to be transmitted. 

p1 Distance between the centres of contiguous holes, measured in the direction of 
the force to be transmitted. 

p2 Distances between contiguous rows of bolts or rivets, measured perpendicular 
to the force to be transmitted. 

m Distance from the axis of the drill hole to any surface parallel to said axis. 

In the case of slotted holes, the distances e1, e2, p1 and p2 shall be measured 
from the centres of the end semicircles. 

Table 58.4.a: Minimun and maximum spacing end and edge distances 
Distances 

and spacing 
Mandatory 
minimum 

Recommended 
minimum 

Maximum, 
normal 

environment 

Maximum, 
weather or 
corrosive 

environment 
e1 1.2d0 2d0 125 mm or 8t 40 mm + 4t 

e2 1.2d0 1.5d0 125 mm or 8t 40 mm + 4t 

p1 2.2d0 3d0 Compression members 14t or 200 mm 
Tensed parts: 
28t or 400 mm 

p2 2.4d0 3d0 14t or 200 mm 

m 2d 
d0 Hole diameter. 
d Bolt diameter. 
t Thickness of the thinnest part to be joined. 
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Figure 58.4.a Symbols for spacing of fasteners 

Figure 58.4.b Staggered spacing To ensure that bolts can be tightened easily, 
the distance m from the axis of the drill hole to any surface parallel to said axis (Figure 
58.4.c) should be no less than 2d, where d is the diameter of the bolt. 

Figure 58.4.c Distance m 

58.5. Strength of members with holes 
The reduction in tensile, compression and bending strength of the parts to be 

joined by holes intended to hold joining apparatus should conform to the provisions of 
Section 34 of this Code. 
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58.5.1. Tear strength 

At the ends of beams joined to other beams or to supports using joins requiring 
the removal of one or both flanges (Figure 58.5.1.a) or at the ends of tensed parts 
joined by bolts or gusset-plate welds (Figure 58.5.1.b), the tear strength of the parts 
and gusset plates must be checked. 

Figure 58.5.1.a Tearing at part extremities 
VIGA BEAM 
DESMEMBRADO REMOVED SECTION 
AREA A CORTANTE SHEAR AREA 
FALLO POR DESGARRO DE LA PARTE 
SOMBREADA 

TEAR FAIL OF THE SHADED PART 

AREA A TRACCION TRACTION AREA 

In the case of a join between a beam and another beam or a support using a 
double angle bearing (section 61.3), if the joint is made—as is normal—using a single 
column of n bolts, it shall only be necessary to make this check if the web is removed 
from the beam towards which the reaction is directed (Figure 58.5.1.a). In this case, it 
shall also be necessary to perform a bend check on the beginning of the removed 
section d-d. 

1 Small tension   force 
2 Large shear force 
3 Small shear force 
4 Largetension  force 

Figure 58.5.1.b Block tearing  

The end of the part stressed by an axial force centred on its axis or the 
corresponding gusset plate shall be secure if the following is true: 

NEd ≤ Nef.Rd 
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where NEd is the design force and Nef.Rd is the tear strength, calculated on the 
basis of the following expression: 
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in which:
 

Ant is the net area of the zone subjected to tension. 


Anv is the net area of the zone subjected to shearing. 


In joints in which the force acts eccentrically, such as joints with beam-end 

double angle bearings, Ant in the expression above shall be half of its real value. 

58.5.2. Angles connected by one leg and other unsymmetrically connected 
members in tension 

The eccentricity in joints and the effects of the spacing n and edge distance of 
the bolts should be taken into account in determining the design resistance of: 

- Unsymmetrical members. 

- Symmetrical members that are connected unsymmetrically, such as angles 
connected by on one leg. 

A single angle in tension connected by a single row of bolts in one side (see 
Figure 58.5.2) may be treated as concentrically loaded over an effective net section for 
which the design ultimate resistance should be determined as follows: 

2(e2  0.5d0 )tfuWith 1 bolt Nu,Rd= 
� M 2 

A fnet
 
u 2With 2 bolts Nu,Rd = 

 M 2 

A fnet
 
u

With 3 or more bolts Nu,Rd = 3
 

 M 2
 

where: 

β2 and β3 are reduction factors dependent on the pitch p1, as given in Table 58.5. 
For intermediate values of p1, the value of β may be determined by linear interpolation. 

Anet	 is the net area of the angle. For an angle unequal-leg connected by its 
smaller leg, Anet can be taken as equal to the net section area of an 
equivalent equal-leg of leg size equal to that of the smaller leg. 

Table 58.5: Reduction factors β2 and β3 

Pitch p1 ≤ 2.5 do ≥ 5.0 do 

2 bolts β2 0.4 0.7 

3 bolts or more β3 0.5 0.7 
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a) 1 bolt 

b) 2 bolts 

c) 3 bolts 

Angles connected by one leg 

58.5.3. Lug angle 

If it is necessary to place lug angles between an angled-section part and a gusset 
plate (Figure 58.5.3), the joint of the lug angle to the part should be designed to resist a 
force 1,2 times the force corresponding to the flange of the angle iron that it joins, and 
its join to the gusset plate to resist a force 1,4 times the force of the flange of the angle 
iron to which it is joined. 

If the part has a U section, joined by its web to a gusset plate using two lug 
angles, the join of each of these to the flanges of the U-part be to resist a force 1,1 
times the force corresponding to the flange of the U-section, and its join to the gusset 
plate to resist a force 1,2 times the force in the flange that [...] of the U-section it joins. 

In no cases should less than two bolts be used to attach the lug angle to a gusset 
or other supporting part. 

The connection of lug angle to gusset plate or other supporting parts should 
terminate at the end of the member connected. The connection between the lug angle 
and the member should run from the end of the member to beyond the direct 
connection of the member to the gusset plate or other supporting part. 

Figure 58.5.3 Lug angles 

58.6. Shear and bearing resistance of bolts 

If a bolt, placed in a standard hole, is perpendicular to its axis in the ultimate limit 
states, the force applied to it (Fv,Ed) shall not be greater than the lesser of the following 
values: 

- The shear resistance of the bolt, Fv,Rd. 
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- The bearing resistance of the part in the zone contiguous to the bolt, Fb,Rd. 

If all of the cutting planes pass through the unthreaded area of the bolt shank, the 
shear strength Fv,Rd is determined by the expression: 

0.6 fubAn
Fv,Rd  

M 2 

If any of the cutting planes pass through the threaded area of the bolt shank, and 
the bolts are 4.6, 5.6 or 8.8, the shear strength is determined by the expression: 

0,6 fub ASn
F v,Rd  M 2 

If any of the cutting planes pass through the threaded area of the bolt, and the 
bolts are grade 6.8 or 10.9, the shear strength is determined by the expression: 

0,5 fub AS n
F v,Rd  M 2 

In the above expressions, A is the area of the bolt shank, As is the tension
resistant area (see Table 58.7); fub is the ultimate tensile stress of the bolt, and n is the 
number of cutting planes. 

The bearing resistance of a part of thickness t against the shank of a bolt of 
diameter d placed in a standard hole is provided by the following expression: 

fudt
F b,Rd  M 2 

where fu is the ultimate tensile strength of the material of the part, α is a 
coefficient equal to the smaller of the values: 

e p 1 f1 1 ub;  ; ; 1,0 
3d 3d 4 f0 0 u 

and β is another coefficient equal to the smaller of the values: 

2,8e2 1.7; 2, 5 
d0 

If the bolt is placed in an oversize hole, the value Fb,Rd given by the above 
expressions is multiplied by a factor of 0.8. If the hole is slotted, with the slot direction 
perpendicular to the force to be transmitted, the value of Fb,Rd given in the above 
expressions is multiplied by a factor of 0.6. Shear and compression forces may not be 
transmitted in slotted holes in the direction of the force. 

For single-lap joins with a single bolt row, washers must be placed beneath the 
head and beneath the nut of the bolt, and the bearing resistance Fb,Rd, calculated 
according to the above expressions, shall be limited to the following maximum value:  

Fb,Rd= 1.5 fud t / γM2 
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For countersunk screws, the thickness t shall be the thickness of the part in which 
the head is seated, less half of its height. 

Table 58.6.a sets out the single-shear strength in kN of bolts of the most common 
diameters and grades when the cutting planes do not pass through the threaded area 
of the shank. 

Table 58.6.a.Single-shear strength in kN of most common bolts 

CLASS BOLT DIAMETER (mm) 

12 14 16 20 22 24 27 

4.6 21.71 29.55 38.60 60.32 72.98 86.86 109.93 

5.6 27.14 36.95 48.25 75.40 91.23 108.57 137.41 

6.8 32.57 44.33 57.90 90.48 109.48 130.28 164.89 

8.8 43.43 59.11 77.21 120.64 145.97 173.72 219.86 

10.9 54.28 73.89 96.50 150.80 182.46 217.14 274.82 

Table 58.6.b sets out the bearing resistance of a part 10 mm thick against bolts of 
the most common diameters, using the distance-to-edge and distance-between-bolts 
values given therein. 

Table 58.6.b.Compression strength in kN for sheets 10 mm thick 

DIAMETER 
MINIMUM DISTANCE (mm) STEEL STRENGTH 
d0  e1  e2  p1  p2 S 235 S 275 S355 

12 13 25 20 40 40 55.38 66.15 78.46 
14 15 30 25 45 45 67.20 80.27 95.20 
16 17 35 30 65 65 79.06 94.43 112.0 
20 21 40 35 75 75 91.43 109.21 129.52 
22 23 50 35 75 75 114.78 137.10 162.61 
24 26 50 40 80 80 120.0 143.33 170.0 
27 29 60 45 90 90 134.07 143.33 189.93 

If it is necessary to place linings of thickness tf greater than one third of the 
diameter of the bolts that are used to guarantee a good fit between the parts to be 
joined, the shear strength Fv,Rd must be multiplied by a reduction coefficient βf given by: 

9d f   1 
8d  3t f 

For double-shear joints with linings on both faces of the joint, tf shall be the 
thickness of the thicker of the two linings. Any additional bolt required on account of 
application of the factor βf may, at the Designer’s discretion, be placed in an extension 
of the linings provided for this purpose. 

58.7. Tensile strength 

When a bolt is loaded in the direction of its axis in the ultimate limit states by a 
tensile force Ft,Ed, which must include all potential leverage, it must not be greater than 
the lesser of the following two values: 

- The tensile resistance of the bolt Ft,Rd. 
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- The punching shear resistance of the part beneath the nut or beneath the bolt 
head Bp,Rd. 

In joints with an end plate and preloaded, high-strength bolts, the tensile strength 
of the plate-bolt unit Fch,Rd shall be determined in accordance with the provisions of 
section 61.2. 

The tension resistance Ft,Rd of a bolt is given by the expression: 

Ft,Rd = 0.9 fubAs /γM2 

The tensile strength indicated shall only apply to bolts manufactured in 
accordance with one of the standards listed in section 58.1. The tensile strength of 
members, such as anchoring bolts, in which the thread is manufactured using 
procedures that involve machining shall be the value given in the above expression 
multiplied by 0.85. Table 58.7 shows the tensile strength of normal-head screws of the 
most common diameters and classes. 

Table 58.7. Ultimate tensile strength in kN 
DIAMETER 
(mm) 

As 
(mm2) 

CLASS 

4.6 5.6 8.8 10.9 

12 84.3 24.28 30.35 48.56 60.70 

16 157 45.22 56.52 90.43 113.04 

20 245 70.56 88.20 141.12 176.4 

22 303 87.26 109.08 174.53 218.16 

24 353 101.66 127.08 203.33 254.16 

27 456 131.33 164.16 262.66 328.30 

6
 

For countersunk bolts, the tensile resistance shall be 70 % of the value given by 
the above expressions. 

The punching shear resistance of a sheet of thickness t  (Bp,Rd) acted upon by a 
bolt subject to tension is given by the expression: 

Bp,Rd = 0.6 πdmtfu /γM2 

in which dm is the lesser average diameter between the circles circumscribed and 
inscribed on the nut or the head and fu is the tensile strength of the steel in the sheet. 

The value of Bp.Rd need not be checked if the thickness of the sheet meets the 
following condition: 

dfub t m in  
f u 

F F ,,
 

,
 

58.7.1. Combined shear and tension 

Bolts subjected simultaneously to tensile forces and forces perpendicular to their 
axis, in addition to complying with section 58.7, must also meet the following condition: 

v
 
Ed

 
t Ed

 

F Fv
 
Rd

 
t Rd
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4 ,,1
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58.8. Design slip resistance 

High-strength bolts (classes 8.8 and 10.9), which should be preloaded be 
tightened using one of the methods set out in section 76.7 until the tension in the shank 
reaches 70 % of its ultimate tensile strength. Consequently, the design preloaded force 
of the bolt shall be: 

N0=0.7 fub AS 

If bolts not covered by the standards included in section 58.1, or other members 
to be pre-stressed (such as threaded rods) are used, the design preloading force N0 

and the means of achieving it must be agreed between the Designer, member 
Manufacturer and Project Management. 

The slip resistance of a preloaded, high-strength bolt should be taken as: 

k n
F	  S NS , Rd 0 M 3 

Where ski Factor that depends on the type of holes used. This shall be 1.0 for 
normal holes, 0.85 for oversized or slotted drill holes that are short perpendicular 
to the force, and 0.7 for slotted holes that are long perpendicular to the force. If 
the slot of the hole runs in the direction of the force, ks shall be 0.76 for short 
slotted drill holes and 0.63 for long slotted drill holes. 

n 	 Number of possible friction surfaces, generally n = 1 or n = 2. 

μ	 Slip factor, which depends on the state of the contact surfaces in the possible 
friction interfaces. Its value is: 

- 0.5 for sand- or shot-blasted surfaces up to grade SA 2 1/2 in standard UNE
EN ISO 8501-1, free of pitting, or surfaces with no post-treatment if the joint 
is made immediately after blasted such that there is no time for oxide to form 
on the contact surfaces, or surfaces post-treated by thermal spraying with 
aluminium or any other treatment that guarantees this factor, in the opinion of 
Project Management. 

- 0.4 for sand- or shot-blasted surfaces up to grade SA 2 1/2 in standard UNE
EN ISO 8501-1, free of pitting and painted with zinc alkali silicate to a 
thickness of between 50 and 80 μm. 

-	 0.3 for surfaces cleaned with a wire brush or by flame cleaning. 

-	 0.2 for untreated or galvanised surfaces. 

γM3	 The strength reduction coefficient shall be: 

-	 1.1 for B joints, 

-	 1.25 for C and hybrid joints and joints subject to fatigue effects. 

If the joint is also subject to an axial tensile force that generates a tensile force in 
the bolt with the value Ft.Ed, Fs.Rd shall be calculated as follows: 

kSn
FS , Rd  (N0  0,8Ft ,Ed ) M 3 
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58.9. Connections made with pins  

The provisions of this section apply to joints in which the pins need to allow the 
parts they join to rotate freely in relation to one another. If such rotation is not required, 
the joint may be designed as a single bolted connection, provided that the length of the 
pin is less than 3 times the diameter of the pin. 

With a part of thickness t joined to others by means of a pin of thickness d seated 
in a drill hole of diameter d0, it shall be able to transmit the force FEd, if its geometry 
(Figure 58.9.a) should follows: 

Figure 58.9.a 

- Distance of the hole edge to an edge perpendicular to the force to be 
transmitted: 

0
 

0
 

20
 

2
 

2
 F dEd γ M 

tf y 

- Distance of the hole edge to an edge parallel to the force to be transmitted: 

d
 

tf y 

a  

3

 

FEd γM 0c  

3

 

50
 

where fy is the elastic limit of the steel in the part and fu is its tensile strength. 

A part that meets the given geometry in Figure 58.9.b will be able to withstand 
the design force FEd, provided that the diameter of the drill hole and the thickness of the 
part comply with the following: 

t 7 FEdγM0;,2d  ,0t  
fy 
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Figure 58.9.b 

The reinforcing plates used to increase the net area of the parts or their 
compression strength must be arranged without any eccentricity and be large enough 
to transmit the correct force to the part. The joint between both must be dimensioned to 
withstand this force. 

It is advisable to install a bushing made of corrosion-resistant material (such as 
sintered bronze with PTFE) between the pin and the parts to be joined if rotation of the 
joint needs to be guaranteed. 

The shear resistance of of a pinof diameter d, of cross-sectional area A and 
made of steel with a tensile strength of fup is determined by: 

Fv,Rd = 0.6 A fup / γM2 

The bending moment MEd in a pin joining a central part of thickness b subject to a 
force FEd perpendicular to the axis of the pin, with two other side parts of thickness a, 
separated by a distance c from the central part (Figure 58.9.c) shall be: 

MEd=FEd(b + 4c + 2a)/8 

Figure 58.9.c 

A pin of diameter d, modulus Wel, made of a steel with an elastic limit of fyp shall 
comply with: 

MEd ≤ MRd = 1,5 Welfyp/γM0 

TITLE 5 page 19 



 

  

   

 

 

 

  
 

 

 

 

  

 

 
 

 

 

 

 

 


 

 





 

 


 


 




 
 



 



 

	

	

	

	

 


 
 


 




 
 



 

 

 

If the pin intended  to be replaceable, the bending moment stressing it in the 
serviceability limit state MEd,ser should satisfy the following condition: 

MEd,ser ≤ MRd,ser = 0.8 Wel fyp 

The combined shear and bending resistance of the pin shall be sufficient if the 
following is true: 

22 
 
 


 

M Ed

M Rd 


 FV Ed , 

, FV Rd 


 

  1


 



 

where MEd and Fv,Ed are the forces applied to the pin in ultimate limit state. 

The bearing resistance of the plate and the pin, assumed to be made of steel 
with a yield strength limit fy ≤ fyp against a pin of diameter d made of steel with an yield 
strength fyp is given by: 

Fb,Rd = 1.5 t d fy /γM0 

and the following must be true: 

Fb,Ed ≤ Fb.Rd. 

If the pin is intended to be replaceable, the bearing resistance th in serviceability 
limit state Fb,Rd,ser is given by: 

Fb,Rd,ser = 0.6 t d fy 

and the following  should  be true: 

Fb,Ed,ser ≤ Fb,Rd,ser 

Moreover, if the pin is intended to be replaceable, the local contact bearing stress 
should satisfied. 

58.10.Distribution of forces between bolts 

The distribution of forces between different bolts in a joint in the ultimate limit 
state shall be made by means of linear methods in the following cases: 

- Category C joints. 

- Category A or B joints when the shear resistance  Fv.Rd of the bolt is less than the 
compression strength Fb.Rd of the contiguous part. 

- If the joint is subjected to impacts, vibrations or alternating load cycles (except 
wind). 

In all other cases, the distribution may be made using elastic or plastic means, 
provided that the equilibrium deformation compatibility and plasticity conditions are 
fulfilled. 
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In any case, a bolted joint shall be deemed secure if the force FEd in the most 
stressed bolt is equal to or less than the shear, compression or slip strength of said bolt 
FRd, as applicable, i.e. if the following is true: 

FEd ≤ FRd 

Section 59. Welded connections 

59.1. General 

The welded joints covered by this Code should conform to provisions of Section 
77. 

The steel to be joined by welding and the weld materials shall comply with the 
provisions of section 29.5. 

In all cases, the weld material  should provide mechanical, yield strength  and 
ultimate tensile strength characteristics at least as good as those of the base metal. 

The welds covered by this Code apply to material thickness of 4 mm and over. 

59.1.1. Qualification 

A welded joint shall not be deemed to have been made in accordance with this 
Code if it was not made using a qualified welding process, as specified in section 77.4. 

59.1.2. Authorised welding methods 

Although all of the methods provided for in section 77.3 are valid, the methods 
most commonly used in the steel structures to which this Code relates are listed below: 

- Manual covered-electrode welding, with rutile or basic coatings. This is process 
111, manual electric-arc welding including rutile, basic and other coatings. 

- Gas-shielded semi-automatic welding, with solid or tubular flux-filled wire and 
spray transfer. These are processes 135 and 136. 

- Semi-automatic welding, with tubular flux-filled wire and no gas shielding, with 
spray transfer. This is process 114. 

Automatic submerged arc welding. This is process 121. 

Authorisation should be sought from Project Management to use other 
procedures or electrodes with different coatings. 

In any case, the mechanical characteristics of the weld metal shall be equal to or 
better than the characteristics of the steel in the parts to be welded. 

59.2. Types of joints and chords  

Depending on the relative positions of the parts to be joined, welded joints may 
be butt, T or lap joints (Table 59.2). 
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Weld chords to be deposited between parts to be joined to form a welded joint 
are divided into fillet weld chords and butt weld chords. Moreover, welds can be made 
on one side or on both sides. 

Fillet weld chords are known as side when they are parallel to the direction of the 
force they transmit, frontal when they are perpendicular to said force and oblique in 
intermediate cases. In any case, they may be continuous or discontinuous. 

Butt weld chords can be full penetration or partial penetration. 

Table 59.2. Types of welded joints according to the relative position of the parts 

Weld type 
Joint type 

Butt joint T butt joint Lap joint 

Fillet weld 

Slot weld 

Hole 

Full-penetration butt weld* 

Single V, double V, 
single U, double U 

Single bevel, double bevel, 
single J, double J 

Partial-penetration butt weld* 

Double V, double u 

Double 
bevel 

Plug weld 
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59.3. Constructional details for fillet weld chords 

59.3.1. General 

Fillet weld chords may be used to connect parts where fusion faces form angles 
of between 60º and 120º. 

For angle between 45º and 60º, the seam is deemed partial penetration. 

For angle greater than 120º or less than 45º, the seam is considered a simple 
binding with no capacity to withstand forces, unless its strength is proven by testing. 

59.3.2. Throat thickness 

Notwithstanding the provisions for joints between parts of tubular section or box 
sections that cannot be accessed internally, the throat thickness a of a fillet weld seam 
shall not exceed 0,7 tmin, where tmin is the thickness of the thinnest part to be joined. 

The throat thickness a of a fillet weld seam (section 59.7) should not be less than 
3 mm when depositing on sheets up to 10 mm thick, or less than 4.5 mm when 
depositing on parts up to 20 mm thick, or less than 5.6 mm when depositing on parts 
more than 20 mm thick, unless the welding procedure provides for smaller throat 
thicknesses. 

To prevent potential cold cracking issues, if the thickness of one of the parts to be 
joined is greater than twice that of the other part, it is advisable to prepare a suitable 
welding process that takes the carbon equivalent Ceq of the base material, the heat 
generated by the welding process and the possibility of having to preheat the base 
metal into account. 

59.3.3. Termination 

Fillet weld chords should not terminate in the corners of the parts or members 
thereof, but they should continue around the corner, provided that the extension can be 
made in the same plane as the seam, to a length at least three times the throat a of the 
seam. Said extension must be included in the drawings. 

59.3.4. Intermittent fillet welds 

In structures stressed by predominantly static loads in environments with C1 or 
C2 corrosivity, discontinuous fillet chords may be used if the thickness of the throat 
required by the verification calculations is less than the minimum recommended in 
section 59.8. Discontinuous chords may not be used in environments with greater than 
C2 corrosivity. 

- In discontinuous chords, the gap L1 between the ends of the partial chords, on 
the same or different faces, in parts under tension (Figure 59.3.4) shall be less 
than the smaller of the following values:200 mm or 16 times the thickness of the 
thinnest part to be joined. 

- In discontinuous chords, the gap L2 between the ends of the partial chords, on 
the same or different faces, in parts under compression or shear force (Figure 
59.3.4) shall be less than the smaller of the following values: 200 mm, 12 times 
the thickness of the thinnest part to be joined or 0.25b. 
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-	 The length Lw of each partial seam shall be larger than the greater of the 
following values:6 times the seam throat or 40 mm. 

-	 The length Lwe of each partial seam at the ends of the parts to be joined shall be 
larger than the smaller of the following values:0.75b or 0.75b1. 

(a) Satisfactory details 

Figure 59.3.4 

59.3.5. Eccentricity 

Fillet weld chords shall be placed so as to prevent the occurrence of bending 
moments whose axis is the same as the seam (Figure 59.3.5). 
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(a) Satisfactory details 

(b) Non-satisfactory details 

Figure 59.3.5 

59.3.6. Minimum length of side chords 

Side fillet weld chords that transmit axial forces of bars shall be at least 15 times 
as long as their throat width and not less than the width of the part to be joined (Figure 
59.3.6). 

Figure 59.3.6 

59.3.7. Laps 

In lap joints, the minimum lap shall not be less than 5tmin, where tmin is the 
smaller thickness of the parts to be joined, or 25 mm. If the joint is required to transmit 
axial forces, frontal fillet weld chords should be made on both ends of the lapped parts 
(Figure 59.3.7). 
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(a) Valid 

(b) Not valid 

Figure 59.3.7 
Solape Overlap 

59.4. Constructional details for butt weld chords 

Butt weld chords may be made between parts arranged in extension or in a T 
(Table 59.2). They are full penetration if the weld metal takes up the full thickness of 
the parts to be joined with no defects. 

They are partial penetration if the thickness taken up by the weld metal is less 
than the full thickness of the parts joined. 

Partial-penetration butt weld chords shall be placed so as to prevent the 
occurrence of parasitic bending moments whose axis is the same as the seam (Figure 
59.3.5). 

 Intermittent butt weld chords are not permitted. 

59.5. Plug and slot welds 

Plug welds, which fill circular or slotted holes made in a part overlapping another, 
may only be used if there is no other way of transmitting shear or preventing buckling 
or separation of lapped parts. They should not be used to transmit tensile forces. 

Suitable provisions must be made, in accordance with section 77.5.10, to prevent 
possible cracking, and they must be inspected in accordance with the provisions of 
section 91.2. 

The following limitations shall apply: 

- The diameter of the circular holes or the width of the slotted holes shall not be 
less than the thickness of the part they are in plus 8 mm. 

- The ends of the slotted holes should either be semi-circular or else should have 
rounded corners with a radius no less than the thickness of the part, except if 
the hole reaches the edge of the part. 

- The thickness of a plug weld in parent material up to 16 mm thick shall be the 
same as the thickness of the parent material. If this is over 16 mm, the 
thickness of the weld metal must be at least half the thickness of the parent 
material and not less than 16 mm. 

- The minimum distance between plug centres perpendicular to the force to be 
transmitted shall not be less than 4 times the width of the plug. The distance 
between plug ends should not be less than twice their length. 
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- The maximum distance between plugs must not be larger than the value 
required to preventing local buckling of the part. 

Filling holes made in the structure to insert provisional assembly bolts with weld 
metal is strictly forbidden. Consequently, such holes shall be arranged such as not to 
affect the strength of the structure. 

Slot welds (Figure 59.5) formed by fillet weld chords placed inside circular or 
slotted holes may only be used to transmit shear forces or to prevent buckling or 
separation of lapped parts. 

Figure 59.5 

The following limitations shall apply to slot dimensions: 

- The width b of the slot shall be b ≥ 4t. 

- The gap s2 between rows of slots shall be 2b ≤ s2 ≤ 30t. 

- The gap between slotss1 shall be 2b ≤ s1 ≤ 30t. 

- The total length L of a slot shall be L ≤ 10t. 

- Slot ends shall be semi-circular, unless they reach the end of the part. 

59.6. Lamellar tearing 

Residual through-thickness stresses in the parts to be joined, which could result 
in lamellar tearing of the parts to be joined, shall be avoided as much as possible. 

In particular, if there are through-thickness tensile stresses (whether residual 
from welding or due to external forces) in flat parts more than 15 mm thick, the welding 
procedure, the through-thickness properties of the base metal and the details of the 
joint (Figure 59.6) must be studied to avert this danger. 
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(a) 

(b) 

Susceptible detail  Improved detail 

Susceptible detail  Improved detail 

Figure 59.6 

59.7. Effective throat thickness 

Throat thickness should be taken as the height of the largest triangle that can be 
inscribed in the section of the weld metal, measured perpendicular the outer side of this 
triangle (Figure 59.7.a). 

Figure 59.7.a Throat thickness of a fillet weld 

If the welding method used enables deep penetration to be achieved, this 
penetration may be included in the throat thickness value (Figure 59.7.b), provided that 
preliminary tests show that the required penetration can consistently be achieved 
constantly. 

Figure 59.7.b Throat thickness of a deep penetration fillet weld  
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If the seam is made using the submerged-arc method, throat thickness may be 
increased by 2 mm if a >10 mm or by 0.2 a if a ≤ 10 mm without the need to perform 
any tests. 

If it is necessary to deposit a weld seam between two curved surfaces (such as 
on rounds, corners of hollow sections or between a curved and a flat surface, Figure 
59.7.c) effective throat thickness should be determined on the basis of the test welds 
made on test parts of the same section to be used in production. 

Figure 59.7.c 

Specimens shall be cut and the throat thickness measured, repeating the process 
until a welding technique that guarantees the desired throat thickness in production is 
found. 

The plane of the throat is the plane defined by the throat and the seam axis, the 
intersection of the two planes to be joined by the weld seam (Figure 59.8). 

59.8. Design resistance of fillet weld  

This method refers to a section of fillet weld seam that is sufficiently short to 
assume that it is subject to uniform stress throughout. 

It shall be assumed that the forces transmitted by said seam section leading to 
the direct stresses σ//, perpendicular to the seam axis and have no effect on seam 
strength σ and ⊥, perpendicular to the throat, and in the shear l stresses τ// and τ⊥, in the 
plane of the throat parallel and perpendicular to the axis of the weld, respectively, 
(Figure 59.8). 
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Figure 59.8 

Lado Side 

Plano de garganta Throat plane 

Eje Axis 

garganta Throat 

59.8.1. Effective length of a fillet weld seam 

The effective length of a fillet weld seam is the length (including corner 
extensions) over which the nominal throat thickness is maintained. 

Chords whose length is less than 30 mm or 6 times the throat thickness are not 
deemed capable of transmitting forces. 

The effective length of weld chords in beam-support joints shall be calculated in 
accordance with the provisions of section 62.1.1. 

In lap joints in which Lw ≥ 150 a, where Lw is the seam length, the effective length 
Lw,ef shall be Lw,ef = β1 Lw, in which β1 is given by: 

0,2LW1  1,2   1
150a 

This reduction shall not apply if the distribution of stresses along the weld is equal 
to the distribution of stresses in the contiguous base metal, such as when welding a 
flange-web joint in sheet trussed beams. 

For fillet weld chords longer than 1 700 mm that join transverse stiffeners on 
sheet members, Lw,ef = β2 Lw in which: 
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LWo,6    1,1   1,0 2 17000 

Lw being in mm. 

59.8.2. Strength 

Seam strength is sufficient if the following two conditions are met simultaneously: 

2 2 2 fu  3(  // )   W M 2 

fu  0,9 
 M 2 

where fu is the tensile strength of the steel of the parts to be welded, βw is the 
correlation factor, which depends on the type of steel in the parts to be welded, and γM2 

is the strength reduction coefficient, γM2 = 1.25. 

Table 59.8.2 sets out the values of βw for the most common steels. 

Table 59.8.2 Correlation factors 

STEEL GRADE CORRELATION  
FACTORS βw 

S 235 0.80 

S 275 0.85 

S 355 0.90 

S 420 1.00 

S 460 1.00 

If a seam of throat thickness a and length Lw has to transmit a force F that forms 
an angle α with the seam axis, the above conditions shall be met if the average shear 
stress in the seam meets the following condition: 

F fuW   
aLW   1 2cos2 W M 2 

Safety is ensured if, for any value of α, the following is true: 

F fuW  
aL   3W W M 2 

In flange-web joints in trussed beams that only transmit tangential forces, made 
with two continuous chords of throat thickness a on a web of thickness tw, the above 
conditions shall be met if a ≥ 0.40 tw for the steels covered by standard UNE-EN 10025 
parts 2 and 5, and for steels S275 and S355 in UNE-EN 10025, parts 3 and 4, or if a ≥ 
0.55 tw for steels S420 and S460 in UNE-EN 10025, parts 3 and 4. 

If a flat part of thickness tf, subject to axial force, is joined to another 
perpendicular to it via two frontal fillet weld chords of the same length as the part and of 
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throat a, the above conditions shall be deemed met if a ≥ 0.55 tw for steels covered by 
standard UNE-EN 10025 parts 2 and 5 and for steels S275 and S355 in UNE-EN 
10025, parts 3 and 4. 

59.9. Design resistance of butt weld  

59.9.1. Full-penetration butt welds 

Having fulfilled the conditions specified in section 59.1 of this Code, the 
resistance of a full-penetration weld with no defects is at least the same as that of the 
weakest contiguous base metal. Therefore, the strength need not be calculated. 

59.9.2. Partial-penetration butt welds 

Design resistance of a partial-penetration butt weld with no defects is the same 
as that of a fillet weld of the same throat thickness, and consequently it shall be 
checked using the method given in section 59.8, above. 

The throat thickness used shall be equal to the permanently achievable 
penetration, which should be checked using suitable tests. 

If V, U or J edges are prepared, the throat thickness value (Figure 59.9.2.a) may 
be taken as the depth of the edge preparation less 2 mm, without the need for testing. 
A higher value may be used if this is shown to be appropriate by suitable testing. 

In T-butt joints (Figure 59.9.2.b) with two partial-penetration butt seam welds 
reinforced with two fillet weld chords, the joint can be assumed to be equivalent to a 
full-penetration butt weld if the sum of the nominal throat thicknesses is equal to or 
greater than the thickness of the part to be joined and the unwelded thickness would be 
the smaller of t/5 and 53 mm, where t is the thickness of the part. 

Figure 59.9.2.a 

Figure 59.9.2.b 
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If any one of the above conditions is not met, the throat thickness shall be 
determined in accordance with provisions of sections 59.7 and 59.8. 

This type of seam shall not be used in joints subjected to fatigue stressing or that 
are required to transmit tensile forces perpendicular to their axis. 

59.10.  Design resistance of plug or slot welds 

The design resistance of a plug or slot weld should be taken as 

FW ,Sd fuw  
A   3W W M 2 

where τw is the average shear stress in the weld, Fw, Ed is the design force to be 
transmitted and Aw is the area of the hole for plug welds or the product aLw for slot 
welds. In this case, a is the throat thickness and Lw the seam length, measured at a 
distance equal to a/2 from the inner edge of the slot. 

The other symbols have the same meaning as in section 59.8. 

59.11.Distribution of forces between joint chords 

The forces acting on the joint should conform to provisions of Chapter II 
(Calculation Bases) and Chapter IV (Structural Analysis) and section 56.2 of this Code. 

The distribution of said forces among the different chords of the joint may be 
made assuming elastic or plastic performance of the joint. In general, it is acceptable to 
assume a simplified distribution of forces within the joint, provided that the conditions 
set out in the aforementioned section are met. 

It is not necessary to take account of the residual stresses or other stresses that 
do not affect the transmission of forces between different parts, such as the stress σ// 

on planes perpendicular to the seam axis. 

Section 60. Joints between members subject to axial force 

60.1. Centred flat joints 

Centred flat joint means a joint made using a series of coplanar weld chords or a 
set of bolts joining essentially coplanar parts, that are intended to transmit, between the 
parts to be joined, a force Fw,Ed contained in the plane of the chords of the parts, and 
that passes through the centre of gravity of the chords or bolts. 

60.1.1. Welded centred flat joints 

The calculation method below may be used for joints in which the chords are not 
in the same plane and for joints in which all of the chords are in the same plane and the 
force Fw,Ed is not within it, provided that it passes through the centre of gravity of the 
chords (Figure 60.1.1). 

If a more precise analysis, taking into account the strength of each seam as a 
function of its orientation in relation to the force Fw,Ed, is not required, then a distribution 
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of forces proportional to the throat areas of the different chords may be assumed, and 
consequently the joint shall be safe it the following is true: 

FW ,Ed  
fu 

a L   3i Wi W M 2 

where ai and Lwi are the throat thicknesses and the lengths of the different chords 
that form the joint. When determining each value of Lwi,. it should follow the provisions 
of section 59.8.1 

Figure 60.1.1 

60.1.2. Bolted centred flat joints 

These are joints in which the force to be transmitted passes through the centre of 
gravity of the group of bolts intended to transmit it. 

A uniform distribution between all of the bolts of the joint may be assumed if the 
length Lj of the joint, measured in the direction of force to be transmitted between the 
centres of the edge bolts, does not exceed 15d.In this case, the design strength of the 
joint shall be: 

NRd = n FRd 

where n is the number of bolts and FRd the strength of one of them, determined 
as a function of the joint category and the provisions of Section 58. 

If the length of the joint is more than 15 d, its strength is given by: 

NRd=β n FRd 
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where β is a reduction factor given by: 

Lj 15d
  1 

200d 

with 0.75 ≤ β ≤ 1; and Lj defined in Figure 60.1.2. 

Figure 60.1.2 Long joints 

This provision does not apply where the distribution of stresses along the joint is 
equal to the distribution of stresses in contiguous parts, e.g. in the case of long joints 
with double angle bearing (section 61.3). 

60.2. Eccentric flat joints 

These are flat joints, welded or bolted, in which the force to be transmitted Fw,Ed 

passes at a given distance from the centre of gravity of the group of weld chords or 
bolts (Figure 60.2). 

If the joint is studied using plastic methods, it is assumed that one of the parts to 
be joined moves in relation to the other, rotating around a given instant centre of 
rotation (Figure 60.2) to be determined. 

Figure 60.2 

The deformation in each point of the weld chords or in each bolt shall be 
assumed to be proportional to the length of the radius vector joining the point to the 
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instant centre of rotation and perpendicular to it. The average stress in each point τw 

can be determined using specialist literature. The position of the instant centre of 
rotation shall be determined under equilibrium conditions. 

60.2.1. Welded eccentric flat joints 

On account of such rotation, the average shear stress τw at any point of the weld 
chords is proportional to the length of the radius vector joining the point to the instant 
centre of rotation and perpendicular to it. 

Where Ip is the polar moment of inertia of the area of the chords in relation to 
their centre of gravity: 

z  A 
2

︶

2
 

are given by: 

dA
 


I yp
 

the components τwz and τwy 

wy
 

 u 

y ;M
 
Ed

 

τ 

These components should be added vectorially to those generated by Fw,Ed 

acting on the centre of gravity of the chords. The joint will be safe if the following is true 
at the least favourable point, which is often the point farthest from the centre of gravity 
of the chords: 

fw,max   3w M 2 

60.2.2. Bolted eccentric flat joints 

Equally, the relative rotation between the parts to be joined generates a force in 
each bolt Fi,Ed proportional to the length of the radius vector joining the point with the 
instant centre of rotation and perpendicular to it. 

n 

That is: I p (yi 
2  zi 

2) 
i1 

the sum of the squares of the lengths of the n radius vectors. The components Fiy,Ed 

and Fiz,Ed of the force Fi,Ed in each bolt caused by the moment MEd i, are given by: 

M z M yEd i Ed iF  ; F iy ,Ed iz ,EdI  p I  p 

where zi and yi are the coordinates of the axis of the corresponding bolt. 

These components should be added vectorially to those generated by FEd acting 
on the centre of gravity of the chords. The joint will be safe if the following is true of the 
least favourable bolt, which is often the bolt farthest from the centre of gravity of the set 
of all of the bolts: 

FEd ≤ FRd 
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where FRd is the bolt strength, calculated in accordance with the provisions of 
Section 58. 

60.3. Joints with gusset plates 

Gusset plates are pieces of sheet that are used to facilitate the joining of brace 
members to the chords in nodes of triangular structures. It is not common to use them 
when the bars of the structure are tubular sections. 

Brace members are joined to the gusset plate or plates by welding. The axis of 
each bar should ideally coincide with the axis of the strength members of the joint of 
said bar, or weld, to the gusset plate or plates. If this is not possible, the existing 
eccentricity shall be taken into account to check the joint and the bar itself. 

If the chord of a Warren triangular structure is an H- or I-beam with the web in the 
same plane as the structure (Figure 60.3.a), the joint between the gusset plate and 
said chord is generally subject to a force H equal to the difference between the axial 
forces on either side of the node, H = N1– N2 and a moment M = H e, where e is the 
distance between the gusset plate-beam joint weld and its centre of gravity. 

Figure 60.3.a 

In Pratt-truss nodes (Figure 60.3.b) it can be assumed that the force in the 
diagonal is balanced with horizontal and vertical forces on the sides of the gusset 
plates joined to the upright and to the chord, selected such that they comply with the 
equilibrium conditions and the existing weld chords between gusset plates and parts 
are able to transmit them. 

Reasonable results can be obtained assuming that said forces pass via 
theoretical intersection points B and D of the edges of the gusset plate, if extended, 
with the axes of the upright and the chord; via the centre A of the longest side of the 
gusset plate and that cross over the axis of the diagonal, point C. 
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Figure 60.3.b 

If, as a result of the shape of the section of brace members (I, U or H) it is 
necessary to use a double gusset plate and the web of the diagonal or upright is not 
extended, this should be taken into account, using the value as the design section of 
member for local checks on the node (Figure 60.3.c). 

 x 
Aef  A1 

L 
 

 w  

This area reduction shall not be taken into account when performing the general 
part stability check. 

Figure 60.3.c 

The same expression may be used to take account of the eccentricity caused if 
two paired beams form the brace member. In this case, a batten plate should be placed 
on the end of the part located between the gusset plates. 

The thickness of the gusset plate t shall be such it complies with Figure 60.3.d: 

F fc,Ed y 
t(b  L)  M 0 
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Figure 60.3.d 

In the expression above, Fc,Ed is the force transmitted to the gusset plate, b is the 
width of the part perpendicular to the force Fc,Ed, L is the length of the weld chords, 
measured in the direction of the force Fc,Ed, fy is the yield strength of the steel in the 
gusset plate and γM0is the strength reduction coefficient. 

Section 61. Joints between members subjected to 
bending and shear 

61.1. Splices with splice plates 

Splices with splice plates are used almost exclusively with bolted joints. They 
may only be used in welded joints in repair or reinforcement work. 

They are joints between parts with identical or similar profiles, with the axes in 
line or forming a sufficiently small angle so as to make any deviation force negligible, 
made using rectangular sheet parts, called splice plates, bolted to the two parts to be 
joined. 

Consequently, a splice with splice plate has two groups of joints: the group 
formed by the joints between one of the parts and the splice cover, and the group 
formed by the joints between these and the other part. 

The joints between the splice plates and the parts may be category A, B or C, 
although they are typically designed in category C. 

Each portion, flange or web, of the parts to be joined shall have its own splice 
plates. The flange splice plates may be single (placed on one face only) or double 
(placed on both faces), while the web splice plates shall be double, unless there are 
special grounds to do otherwise. Parts that, exceptionally, do not have splice plates, 
shall not be taken into consideration when checking the strength of the part around the 
splice. 

The centre of gravity of the section of the splice plates used for a given part  shall 
match that of the part section and, unless otherwise justified by a detailed study, its 
area and second moments of area must be the same or slightly higher. 

Regardless of the category of the joints to be spliced, the joint may be rigid and 
the splice section may contain the same forces that would exist if the two parts to be 
joined were a single part. To ensure it is stiff there must be no relative rotation caused 
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by potential slipping of the sheets and play in the bolt holes, for which reason category 
C joints are recommended. 

These forces shall be distributed between the different portions of the part, and 
shall be transmitted through the bolted joints with the corresponding splice plates, in 
accordance with the following criteria: 

- The axial force NEd to be transmitted between the parts to be joined shall be 
distributed between the joints of each of the groups proportionally to the section 
of the portion of the corresponding part. 

- The bending moment MEd to be transmitted between the parts to be joined shall 
be distributed between the joints of each of the groups proportionally to the 
second moment of area of the portion of the corresponding part in relation to 
the appropriate axis of the total part. Alternatively, it may be assumed to be 
transmitted in full through the flange joints, provided that the flanges are able to 
transmit the moment without the help of the web. 

- The shear force VEd to be transmitted between the parts to be joined shall be 
distributed between the joints of each of the groups as a function of the 
distribution of shear stresses that said shear force generates in the part. In I, H 
and U sections, this may be resisted exclusively by the web joints. 

- The bending moment that the shear force, acting on the splice section, 
generates on the centre of gravity of the joints on which it is acting, located at a 
given distance from said splice section, shall be taken into account. 

As a result of the forces distributed, each of the flange joints must be able to 
withstand an axial force NEdf, which may be distributed uniformly between all of the 
bolts of the joint. The value NEdf is given by: 

N N
 

f M f
 

Edf
 

Ed
 

Ed
  

A
A
  

h
 

where NEd and MEd are the forces in the splice section, Af is the area of a flange, If is 
the second moment of area of the set of both flanges relative to the axis of inertia of the 
part, A and/or the area and second moment of area of the part, and his the moment 
lever arm. If the flange joints are made with a double splice plate, h shall be the depth 
of the part less the thickness of the flange. If the joint is made with splice plates on only 
one side of the flanges, h shall be the distance between the planes of the flange-splice 
plate union (Figure 61.1). 

1

 

Figure 61.1 

The joints between the webs and splice plates shall be subjected to: 
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- An axial force NEdw, oriented along the directrix of the part, which is assumed to 
be uniformly distributed between all of the bolts in the joint. The value of NEdw is: 

N N
 

w
 

Edw
  Ed

 
A
A
 

where NEd is the axial force in the splice section, Aw is the area of the web and 
A is the area of the part. 

- The shear force VEd, oriented perpendicular to the directrix of the part, which is 
distributed uniformly between all bolts of the joint. 

- A moment MEdw caused by bending in the splice section and eccentricity of the 
shear force, having the following value: 

M
 

M
 

w V dEdw
 

Ed
 

Ed
   

where MEd and VEd are the bending moment and the shear force in the splice 
section, Iw is the second moment of area  of the web and d is the distance 
between the splice section and the centre of gravity of the area of the bolts of 
the joint between the splice plates and one of the parts. 

Elastic or plastic methods may be used to determine the force that this moment 
MEdw generates in each bolt, provided that the conditions specified in section 58.10 are 
satisfied. 

If the elastic method is used, the provisions of section 60.2 shall apply. 

61.2. Splices with end-plate 

Beam splices using an end-plate (Figure 61.2.a) should be designed as a rigid 
joint, and the forces in the splice section shall be assumed to be the same as would be 
present if the two parts to be joined were a single part. 

Figure 61.2.a 
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The thickness of the end-plate should ideally be equal to or greater than the 
diameter of the bolts. 

The distances between the bolts and the beam should ideally be as short as 
possible, provided that this enables the correct placement and tightening of the bolts 
(mx≈m≈2d, where d is the diameter of the bolts). 

Two columns of bolts shall be considered exclusively capable of withstanding 
axial forces or bending moments, one on either side of the beam web and specifically 
those closed to it, unless thick or suitably stiffened end plates are used and a detailed 
study of the joint is carried out. If these precautions are not taken, the remaining 
columns implemented shall only be deemed capable of withstanding shear forces. 

The welded joint between the beams and the end-plates shall be made as strong 
as the beam itself. To ensure this, the provisions of section 59.8 simply need to be 
followed. The compatibility of these throats with the thickness of the end plate shall be 
taken into account. 

The use of this type of joint in parts subject to critical fatigue stressing is not 
recommended without detailed study. 

To model the bending strength of the end plate (along with the bolts) and the 
tensile resistance of the beam web, an equivalent T-stub may be used in tension. The 
equivalent T-stub may be used for other basic members of bolted beam-support joints 
(as described below) such as: 

- Column flange in bending. 

- Column web intension. 

If the equivalent T-stub method is used to model a group of bolt rows, the group 
must be divided into separate bolt rows and an equivalent T-stub should be used to 
model each bolt row. 

If the equivalent T-stub method is used to model a group of bolt rows, the 
following conditions must be satisfied: 

a) The force in each bolt row not exceeds the design resistance determined in 
consideration of this individual bolt row only. 

b) The total force on each group of bolt rows, comprising two or more adjacent 
bolt rows within the same group of bolts, should not exceed the design 
resistance of this group of bolt rows. 

The following parameters must be calculated when determining the design tensile 
resistance of a basic member represented by an equivalent T-stub flange: 

a) The design force in an individual bolt row, determined in consideration of this 
bolt row only. 

b) The contribution of each bolt row to the design resistance of two or more 
adjacent bolt rows within a group of bolts, determined in consideration of these 
bolt rows only. 
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There are three failure mechanisms or failure modes for each equivalent T-stub. 
A design tension resistance FT,i,Rd shall be determined for each of these failure 
methods with i = 1, 2 or 3 and in accordance with the expressions in Table 61.2.a. 

In cases when leverage may be generated (see Table 61.2.a) the design 
resistance of an equivalent T-stub flange FT,Rd must be taken as the lowest of the three 
possible failure modes (1, 2 and 3). 

FT,Rd = min(FT,1,Rd, F T,2,Rd, F T,3,Rd) 

In cases when leverage cannot be generated, the design resistance of an 
equivalent T-stub flange FT,Rd must be taken as the lower of the two possible failure 
modes, as per Table 61.2.a. 

FT,Rd = min(FT,1-2,Rd, F T,3,Rd) 

The effective lengths for the end plate shall be taken from Table 61.2.b, and the 
parameters m, e and emin are defined in Figure 61.2.b. 

In the case of an individual bolt row, Σℓeff shall be taken as the effective length ℓeff 
given in Table 61.2.b for this bolt row taken as an individual bolt row. 

In the case of a group of bolt rows, Σℓeff shall be taken as the sum of all of the 
effective lengths ℓeff given in Table 61.2.b for each corresponding bolt row taken as 
part of a bolt group. 

Table 61.2.a. Design resistance FT,Rd of T-stub flange 

Leverage may be generated, 
i.e. Lb ≤ Lb 

* . 
No leverage. 

Mode 1 (no reinforcing 
plates). FT,1,Rd = 

m 

M Rdpl ,1, 4 

FT,1-2,Rd= 
m 

M Rdpl ,1, 2Mode 1 (with reinforcing 
plates). FT,1,Rd= 

m 

MM bp Rd Rdpl ,,1, 24  

Mode 2 FT,2,Rd= 
m 

M Rdpl ,1, 2 

Mode 3 FT,3,Rd=ΣFt,Rd 
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Mode 1: Full plastification of the end-plate or flange.
 

Mode 2: Bolt failure with plastification of the end-plate or the flange
 

Mode 3: Failure of the bolts under tension. 


Lb Stretch length of the bolts, which is equal to the grip length (total thickness of the material 

and washers), plus half the sum of the height of the bolt head and the height of the nut or: 

3 AS nb8,8m
Lb 

* = 
 t 3 

eff ,1 f 

FT,Rd Design tensile resistance of the T-stub flange. 

Q Leverage. 

t feff
 

y MfMpℓ,1,Rd =  γ 

t feff
 

y MfMpℓ,2,Rd =  γ 

eff p y
 
b
 

Mb pMbp,Rd =   γ 

n = eminbutn ≤ 1,25m 

0

 

0
 

0

/
 

58.7).
 

t f ,, 

2 /
 

2 /

5
 

F  Design tensile resistance of a bolt (see sectiont,Rd 

ΣF  Total value of F  for all bolts in the equivalent T-stub.t,Rd t,Rd 

Σℓ ,1 Value of Σℓ  for mode 1.eff eff 

Σℓ ,2 Value of Σℓ  for mode 2.eff eff

 and are as indicated in Figure 61.2.b.te mmin , f 

f ,b  Yield strength of reinforcing plates.y p 

2

 

1

2

 

,

,

2,
 

5

5
 
2

2
 
,

,

2
 

0

0
 

,
 

generated. 

0

 Thickness of reinforcing plates.tbp 

ew = dw / 4 

dw l Diameter of the washer or width of the head of the bolt or the nut, as applicable. 


nb l Number of bolt rows (with two bolts per row).
 

NOTE 1: In bolted beam-post joints or beam splices, it may be assumed that leverage is 


TITLE 5 page 44 



 

 

 

 

 
 

 

 

 

 

 

The extension part of the end-plate and 
the section between the flanges of the 
beam are modelled as two separate 
equivalent T-stubs flanges. 

For the end-plate extension, use ex and 
mx instead of e and m to determine the 
design resistance of the flange of the 
equivalent T-stub flange. 

Figure 61.2.b Modelling an extended front-plate as separate equivalent T-stubs 
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Table 61.2.b. Effective lengths for an end-plate 

of bolt row 
Bolt-row considered individually  

Bolt-row considered as part of a group of 
bolt-rows 

Circular 
patterns ℓeff,cp 

Non-circular 
patterns ℓeff,nc 

Circular patterns 
ℓeff,cp 

Non-circular 
patterns ℓeff,nc 

Bolt row 
outside 
tension flange 
of beam 

Smaller of: 
2πmx 

πmx + w 
πmx + 2e 

Smaller of: 
4mx + 1,25ex 

e+2mx+0,625ex 

0.5bp 

0.5w+2mx+0.62 
5ex 

— — 

First bolt row 
below  tension 
flange of beam 

2πm Αm πm + p 
0,5p + αm − (2m 
+ 0.625e) 

Other inner  
bolt row 

2πm 4m + 1.25 e 2p p 

Other end  
bolt row 

2πm 4m + 1.25 e πm + p 2m+0.625e+0,5p 

Mode 1: ℓeff,1 = ℓeff,nc but ℓeff,1 ≤ ℓeff,cp Σℓeff,1 = Σℓeff,nc but Σℓeff,1 ≤ Σℓeff,cp 

Mode 2: ℓeff,2 = ℓeff,nc Σℓeff,2 = Σℓeff,nc 

α should be  obtained from Figure 61.2.c. 
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Figure 61.2.c Values of α for stiffened column flanges and end-plates 

61.2.1. Moment resistance of a joint 

If the splice section is subjected in general to an axial force NEd, positive for 
tension, a shearing force VEd and a bending moment MEd, the joint shall be checked as 
follows: 
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- The value of FT,Rd shall be determined for each of the T-stubs in accordance with 
the provisions of this section. 

- The moment Mj,Rd that the joint can resist is given by: 

M j ,Rd   (Ftr ,Rd .idi ) 

where the distance di is defined in Figure 61.2.a. 

- The following should be true for the joint to be safe MEd ≤ Mj,Rd. 

- The method given in this section to determine the design moment resistance of a 
joint Mj,Rd does not consider any coexisting axial force NEdin the connected 
member. Consequently, they should not be used if the axial force in the 
connected member is greater than 5 % of the design plastic resistance Npℓ,Rd of 
its cross-section. 

- If the axial force NEd in the connected beam exceeds 5 % of the design 
resistance Npl,Rd, the following conservative method may be used: 

M Nj ,Ed j ,Ed  1,0 
M Nj ,Rd j ,Rd 

where: 

- Mj,Rd is the design moment resistance of the joint, assuming no axial force. 

- Nj,Rd is the design axial resistance of the joint, assuming t no applied moment -
The effective design tension resistance Ftr,Rd of bolt row r, as an individual bolt 

row, shall be the lesser design tension resistance value for an individual bolt row 
of the following basic members: 

- End-plate in bending: FT,ep,Rd 

- Beam web in tension: Ft,wb,Rd 

In a bolted joint with end-plate, the design tensile resistance of the beam web 
must be obtained by: 

Ft ,wb ,Rd  beff ,t ,wb twb f y ,wb /  M 0 

The effective width beff,t,wb of the beam web in tension shall be equal to the 
effective length of the equivalent T-stub that represents the end plate in bending, 
obtained as per Table 61.2.b, for an individual bolt row or a bolt group. 

- The design effective tension resistance Ftr,Rd of bolt row r  should , if necessary, 
be reduced below the value obtained previously to ensure that the sum of the 
design resistance of the preceding bolt rows, including bolt row r which is part of 
the same group of bolt rows, does not exceed the design strength of such group 
as a whole. This should be checked for the following basic members: 

- End-plate in bending: FT,ep,Rd 

- Beam web in tension: Ft,wb,Rd 
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- The design effective tension resistance of Ftr,Rd of bolt row r must, if necessary, 
be reduced below the value obtained in the point above to ensure that, when 
taking into account all of the previous bolt rows including bolt row r, the total 
design resistance ΣFT,Rd does not exceed the design strength of the flange and 
web of the beam in compression Fc,fb,Rd given by: 

Fc,fb,Rd = Mc,Rd / ( h − tfb ) 

where: 

- h is the depth of the connected beam. 

- Mc,Rd Design moment resistance of the cross-section of the beam, reduced if 
necessary to take the shear force into account. For a beam reinforced with a bracket, 
Mc,Rd may be calculated ignoring the intermediate flange. 

- tfb Thickness of the connected beam flange. 

If the depth of the beam including the gusset plate exceeds 600 mm, the 
contribution of the beam web to the design compression resistance should be limited to 
20 %. 

- The shear force VEd acting on the joint shall be assumed to be resisted by bolts 
working as part of the category A, B or C joint. 

61.3. Joints using double angle bearing 

A joint using a double angle bracket (Figure 61.3) can be assumed to be a 
nominally pinned connection, both if it is intended to join a beam to a support and if it is 
intended to join a beam to a girder or main beam perpendicular to it. In general, its use 
is recommended if an articulated joint is to be placed at the end of a beam. 

The only force to consider is the support reaction VEd of the beam in the support 
or mean beam, which is assumed to act on the contact face of the bearings with the 
support or main beam. 

If the joint is to be articulated, the joint between the beam and the angle bearings, 
as well as the joint between these and the support or the main beam, may be category 
A bolted or welded. 

If the joint is bolted, the bolts may be arranged along the gauge line of the angle 
irons. If in the joint between the bearings and the beam web, n double-shear bolts are 
put in place and in the joint between the bearings and the support or main beam 2n 
single-shear bolts identical to the aforementioned bolts are put in place, it is only 
necessary to check the first of said joints, since the second is working under more 
favourable conditions. 

To maintain the flexibility of the joint, if the joint between the bearings and the 
support or main beam is made by welding, it should only be welded on the vertical side 
of the bearings, notwithstanding the extensions to the weld chord made in accordance 
with the provisions of Section 59.3.3. On the other hand, the weld between the 
bearings and the beam web shall be made using three welds on each bearing, one 
vertical and two horizontal. 

In the elastic method, the force FEd on the most stressed screw is given by : 
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V  6w 
2 

FEd  Ed 1   n  b(n  1)  

where (Figure 61.3) w is the gauge line of the angle and b the distance between bolts. 

If the joint between the bearings and the support or main beam is made by 
welding, only the following need be checked: 

VEd fu 
2ha  M 2 3 

The welded joint of the bearings to the beam web shall be checked in 
accordance with the provisions of section 60.2.1. 

Figure 61.3 

61.4. Welded joints 

This section includes other types of articulated joints between beams and 
supports or main beams, done by welding. 

61.4.1. Beam joints welded directly to the web 

The joint between one beam and another beam or a support (Figure 61.4) using 
only weld on the beam web may be considered, for calculation purposes, to be a 
nominally pinned connection that only transmits a shear force VEd. 

In the two chords of this joint, it is advisable to use the maximum throat thickness 
compatible with the web thickness tw, a =0.7tw to ensure that their length Lw is as short 
as possible: 

V   3 1,24V  Ed w M 2 Ed w M 2Lw   
2a f t fw u w u 
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Figure 61.4 

To avoid exceeding the breaking stress at the ends of the weld chords, this type 
of joint may not be used if a length Lw> 14 tw is required. 

This restriction shall not apply if the beam receiving the joint is sufficiently flexible 
to enable, without significant restraint, the rotation of the end of the supported beam, as 
in case (a) in Figure 61.4. 

61.5. Support on unstiffened bearing 

This type of joint (Figure 61.5) is recommended as a nominally pinned connection 
at the end of beams or joists in their joint to supports or main beams when the reaction 
to be transmitted VEd is not very large. 

The angle bearing has a length b measured perpendicular to the directrix of the 
beam, and is welded to the support or main beam with a seam of throat a and length b 
effected in the area of the vertex of the angle iron. The seam applied to the lower edge 
of the flange is not considered for resistance purposes. 

Figure 61.5 
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The gap e between the end of the beam and the face of the support or main 
beam should be less than the sum of the thickness of the angle iron plus 50 % of its 
fillet radius. 

In this type of joint, the reaction passes through the end of the beam on account 
of the flexural stiffness of the flange of the bearing, unless large bearings are used. 

For the joint to be safe, the reaction to be transmitted VEd should be less than or 
equal to the smaller of the following three values: 

Local compression resistance of the beam web: 

VRd 1  2,5(tr  r )tw f y 

where tf, tw and r are the thicknesses of the flange and beam web and its flange
web fillet radius, and fy its yield strength. 

Weld resistance: 

fuVRd 2  ba 
 3 M 2 

Shear strength of the angle flange: 

f yVRd 3  bt 
3 

where t is the thickness of the angle flange and fy its yield strength. 

61.6. Support on stiffened bearing 

If the value of the reaction to be transmitted is high, or if the beam and the 
support are not in the same plane, stiffened bearings may be used (Figure 61.6.a). 

Where VEd is the reaction to be transmitted and d is the distance from it to the 
surface of the support. If the beam and the support are coplanar, it shall be assumed to 
pass through the end of the bearing. 
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Figure 61.6.a 

For the joint to be safe, the reaction to be transmitted VEd should be less than or 
equal to the smaller of the following values: 

Local flattening resistance of the beam web: 

VRd 1  5(tr  r )tw f y 

where tf , tw and r are the thicknesses of the flange and beam web and its flange-web 
fillet radius, and fy its yield strength. if the distance e from the reaction crossing point to 
the end of the beam is less than 2.5(tf + r), the value 2e shall be used in the above 
expression instead of 5(tf + r). 

Stiffener local buckling resistance: 

M
VRd 2  CE d

plRd 

in which: 

tc2 f
M  y 

Plastic moment of the section of the stiffener plRd 4 
with the notation indicated in Figure 61.6.b, of 
thickness t, effective depth c, measured 
perpendicular to its free edge, and yield 
strength fy (see Figure 61.6 B). 

CE  0,14 2 1,07  2,3  Square coefficient. 

c f y  0,805 Non-dimensional slenderness of the stiffener. 
t E 
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- Resistance of weld 1 (Figure 61.6.b): 

2a1LsenfuV Rd ,w1 
 (2  3tan2  )w M 2 

- Resistance of weld 2 (Figure 61.6.b): 

2a2 cosfuV Rd ,w2 
 (3  2 tan2  )w M 2 

Resistance of weld 3 (Figure 61.6.b): 

2ba3 fuV Rd ,w3 w tan M 2 

Figure 61.6.b 

Section 62.  Beam-to-column joints  

Joints between rolled or trussed I-beams and I- or H-section column may be 
made by welding the flanges of the beam directly to the flanges of the column, or by 
means of end plates welded to the beam and bolted to the flanges of the column. 

This section does not expressly cover joints in which the beams press the web of 
the column or with column of sections other than those indicated, which must be 
resolved by applying the general principles set out in the sections above and in Section 
64 if the column is of hollow section. 
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62.1. Welded beam-to-column joints 

62.1.1. Effective width of flange and weld 

If the beam is welded to a column that does not have stiffeners extending the 
flanges of the beam (Figure 62.1.1) it shall be assumed that the effective width bef of 
the beam flange and the effective length of the weld chords joining the tension flange of 
the beam to the flange of the column shall be equal to the smaller of the following 
values: 

f t 2 
yc fcbb, bc, twc + 2rc + 7 or twc + 2rc + 7tfc

f tyb fb 

Figure 62.1.1 

In the expressions above, bb and bc are the widths of the flanges of the beam and 
the column, rc the flange-web fillet radius of the column, assuming that this is rolled, tfc 

and tfb are the thicknesses of the flange of the column and the flange of the beam, and 
fyc and fyb are the yield strengths of the steels in the flange of the column and the flange 
of the beam respectively. 

If the column is plate-reinforced, rc shall be replaced by 2 ac in the expressions 
above, where ac is the throat thickness of the chords of the flange-web joint of the 
column. 

If bef  bb 

f yb 
, a pair of stiffeners should  be fitted to the column, extending the 

fub 

flange of the beam and having a combined section equal to or greater than that of said 
flange. 

The welds of the joint between the flanges of the beam and that of the column 
shall be designed such that they are able to withstand the forces determined in 
accordance with the provisions of section 56.1, although it is recommended that they 
be able to withstand, along with the flange of the beam, fybtfbbb  /γM0, for which it is 
sufficient to choose ab in accordance with the provisions of section 59.8. 

To check the strength of the joint between the tension flange of the beam and the 
flange of the column, if this has not been stiffened, the length of the chords shall be the 
effective width of the flange bef, instead of the real width, which may be greater. 

The welds of the join between the web of the beam and the flange of the column 
shall be dimensioned to withstand the full shearing force VEd and part of the bending 
moment MEd not resisted by the flanges. 
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62.1.2. Support resistance. Unstiffened tension and compression zones 

If stiffeners are not used to extend the flanges of the beam, the maximum tensile 
force that the tension zone can withstand (Figure 62.1.2.a) is the smaller of the 
resistance of the flange and web of the column, as given below: 

f ybt bfb ef
- Column flange resistance: Ft , fc,Rd 
 

 M 0
 

where the meaning of the variables is as explained in section 62.1.1. 

f t hyc wc ef 
- Column web resistance: F t ,wc,Rd  M 0 

where fyc is the yield strength of the steel of the web of the column and twc is its 
thickness; γM0 is the strength reduction coefficient and hef is the effective height of the 
web, which is given by: 

hef=tfb+2 2 ab + 5(tfc +rc) for rolled columns and by: 

hef=tfb+2 2 ab + 5(tfc +rc) for trussed columns. 

In the above expressions, ab and ac are the throat thicknesses of the weld chords of the 
joint of the flange of the beam to the flange of the column and of the flange-web joint of 
the column respectively. The meaning of the remaining symbols is the same as in 
previous sections. 

Figure 62.1.2.a 

The maximum compression force that can be withstood by the compression zone 
is given by the compression strength of the web of the column. If it is not stiffened, it is 
given by: 

k  f t hwc yc wc efF c,wc,Rd  M1 

In the expressions above, ω is a factor that considers the interaction with the 
shear force in the column web. Its value depends on the ratio Mb1,Ed/Mb2,Ed between the 
moments on either side of the column. If there are moments equal in value and sign on 
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both sides (as per Figure 62.1.2.b) then ω = 1.0. If there are moments of the same sign 
but of different values, or if one of the two is null, the following shall apply: 

1  
2

 hef twc 11,3  
 AVC  

where hc is the depth of the column and Avc is the shear area of the column. If the 
moments on either side of the column are of different signs, the following shall apply: 

1  
2

 hef twc 1 5,2  
 AVC  

The factor kwc considers the influence of the maximum compression force σnEd 

existing in the web of the column, generated by the axial force and design bending 
moment to which the column is subjected in its joint to the beam. Its value is given by: 


kwc  1,70 	 n.Ed 

f yc 

If σnEd ≤ 0.7fyc, then kwc = 1.0 

The factor ρ considers the potential local buckling of the web of the column. In 
which: 

h h fef 1 ycp  0,932 
2 

Non-dimensional slenderness of the column web 
Etwc 

h1 	 Height of its straight part. 

fyc   Yield strength. 

ρ is: 

ρ=1     if  p ≤0.72 

  
p  0,22 

2p 

ifp >0.72 

The other symbols have the same meaning as above. 
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Figure 62.1.2.b 

62.1.3. Column t resistance, stiffened tension and compression zones 

The resistance of the tension and compression zones of a column t that have 
been stiffened with stiffeners shall be equal to the resistance of the beam flange if the 
stiffeners satisfy the following conditions: 

The area of the pair of stiffeners of a zone, which may include the portion of the 
web of the support between the two stiffeners of the pair, Ar, should not be less than 
that of the beam flange Afb, Ar ≥ Afb. 

- If the steel used to make the stiffeners has a lower yield strength than the steel 
in the beam, it will be necessary to check its capacity to withstand the forces 
applied. 

- The welds between the stiffener and the flange of the support should be 
dimensioned to withstand the forces transmitted by the beam flange. 

- The welds between the stiffener and the web of the support must be 
dimensioned to withstand the forces that need to be transmitted to said web, 
which shall be FEd – FRd, whose values are defined in the previous section. 
Under no circumstances shall the throat thickness of the chords be less than 
the smaller of 0.4twc or 0.4tr, where tr is the thickness of the stiffeners. 

62.1.4. Column t resistance. Shear zone 

The design methods given in this section shall apply if the slenderness of the 
column web satisfies the condition dwc/tw ≤ 69ε, where dwc is the depth of the column 
web. 

For a single-sided joint, or for a double-sided joint where the depths of the beams 
are similar, the design plastic shear resistance Vwp,Rd of an unstiffened column web 
subject to a design shear force Vwp,Ed shall be obtained as follows: 

0,9 f Ay ,wc vcV wp ,Rd 
3 M 0 

where Avc is the shear zone of the column. 
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The resulting shear force Vwp,Ed in the web shall be obtained as follows: 

Vwp,Ed = (Mb1,Ed − Mb2,Ed)/z − (Vc1,Ed − Vc2,Ed)/2 

where z is the lever arm, Mb1,Ed and Mb2,Ed are the internal bending moments, and 
Vb1,Edand Vb2,Ed are the shear forces applied to the joints by the connected members 
(see Figure 62.1.2.b). 

If the design shear force Vwp,Ed is greater than the design shear plastic resistance 
Vwp,Rd the web of the support must be reinforced, either using a pair of oblique 
stiffeners (Figure 62.1.4.a) or using web reinforcing plates (Figure 62.1.4.b). 

If the column web is reinforced by adding a plate, the shear area Avc may be 
increased to bstwc. If another reinforcing plate is added to the other side of the web, the 
shear area may not be further increased. 

Figure 62.1.4.a 

If it is reinforced with a pair of diagonal stiffeners of length d (Figure 62.1.4.a) the 
area of the cross-section of the pair of stiffeners must comply with the following: 

d  3 (M  M ) 
M 0 b1,Ed b2,Ed  twcAd  

3  f y (hc  2t fc )(hb  t fb ) 
 

62.1.5. Moment resistance of the joint 

The moment Mj,Rd that the joint can resist is given by (Figure 62.1.5): 

M  F zj ,Rd Rd 

where: 

z = h - tfb 
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h Beam height 

tfb Beam flange thickness 

FRd The smaller of the resistances 
compression zone 

of the tension zone and the 

Figure 62.1.5 

62.2. Bolted beam-to-column joints 

Bolted beam-to-column joints are typically made using end plates. Their 
characteristics are similar to beam splices with end plates (section 61.2). 

The thickness of the flange of the column is frequently less than the thickness of 
the end plate welded to the beam. On the other hand, the resistance and stiffness of 
said flange depend to a large extent on the presence or absence of stiffeners 
prolonging the flanges of the beam, on account of which this type of joint shall be 
checked in accordance with the following sections. 

The design tensile strength of the bolts on the beam side shall be determined in 
accordance with the provisions of section 61.2 above. On the support side, the tensile 
strength of the bolts shall be determined similarly to the beam side, on an equivalent T
stub basis, considering the three possible failure modes, but using the effective lengths 
given in section 62.2.1. 

The resistance of the tension, compression and shear zones on the support side 
shall be determined in accordance with sections 62.1.2, 62.1.3, and 62.1.4, however, in 
the case of a column web in tension, hef shall be taken as the effective length of the 
equivalent T-stub, which represents the flange of the column (see 62.2.1). 

62.2.1. Support-side resistance 

The design tensile strength of each row or group of bolts on the support side shall 
be determined in accordance with the failure modes set out in section 61.2, but using 
the effective widths set out in tables 62.2.1.a and b, depending on whether or not the 
column as transverse stiffeners. The dimensions m and emin are defined in Figure 
62.2.1.a and e1 is the distance, measured in the direction of the column axis, from the 
upper bolt row to the end of the column. 

Modelling of the stiffened flange of a column as T-stubs can be seen in Figure 
62.2.1.b. 
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Table 62.2.1.a.Effective lengths for an unstiffened column flange 

Location of 
bolt row 

Bolt-row considered individually Bolt-row considered as part of 
a group of bolt rows 

Circular 
patterns 

ℓeff,cp 

Non-circular 
patterns 

ℓeff,nc 

Circular 
patterns 

ℓeff,cp 

Non-circular 
patterns 

ℓeff,nc 

Inner bolt
row 

2πm 4m + 1.25e 2p p 

End bolt
row 

The smaller of: 

2πm 

πm + 2e1 

The smaller of: 

4m + 1.25e 

2m + 0.625e + 
e1 

The smaller 
of: 

πm + p 

2e1 + p 

The smaller of: 

2m + 0.625e + 
0.5p 

e1 + 0.5p 

Mode 1: ℓeff,1 = ℓeff,ncbut ℓeff,1 ≤ ℓeff,cp Σℓeff,1 = Σℓeff,nc but Σℓeff,1 ≤ Σℓeff,cp 

Mode 2: ℓeff,2 = ℓeff,nc Σℓeff,2 = Σℓeff,nc 

Table 62.2.1.b.Effective lengths for a stiffened column flange 

Location of bolt-row Bolt-row considered 
individually 

Bolt-row considered as part of 
a group of bolt rows 

Circular 
patterns 
ℓeff,cp 

Non-circular 
patterns 
ℓeff,nc 

Circular 
patterns ℓeff,cp 

Non-circular 
patterns ℓeff,nc 

Bolt row adjacent to a 
stiffener 

2πm αm πm + p 0.5p + αm 
− (2m + 
0.625e) 

Other inner  bolt row 2πm 4m + 1.25e 2p p 

Other end  bolt row The smaller 
of: 
2πm 
πm + 2e1 

The smaller 
of: 
4m + 1.25e 
2m + 0.625e 
+ e1 

The smaller 
of: 
πm + p 
2e1 + p 

The smaller  
of: 
2m + 0.625e + 
0.5p 
e1 + 0.5p 

End bolt row adjacent to a 
stiffener 

The smaller 
of: 
2πm 
πm + 2e1 

e1 + αm 
− (2m + 
0.625e) 

Not relevant Not relevant 

For Mode 1: ℓeff,1 = ℓeff,nc but ℓeff,1 ≤ ℓeff,cp  Σℓeff,1 = Σℓeff,nc but Σℓeff,1 ≤ Σℓeff,cp 

For Mode 2: ℓeff,2 = ℓeff,nc Σℓeff,2 = Σℓeff,nc 

α should  obtained from Figure 61.2.c. 
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a) Welded end-plate narrower than column flange. 

b) Welded end-plate wider than column flange. 

c) Angle flange cleats. 

Figure 62.2.1.a Definitions of e, emin, rc and m 

Once the above values have been determined, the value of FRd for each bolt row 
shall be taken as the lesser of those determined for the beam side and the support 
side. 

The resistance of the joint Mj,Rd shall be checked in accordance with the 
provisions of section 62.2.2. 
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1 End bolt row adjacent to a stiffener. 


2 End bolt row. 


3 Inner bolt row. 


4 Bolt row adjacent to a stiffener. 


Figure 62.2.1.b Modelling a stiffened column flange as separate T-stubs 

REINFORCEMENT 

REINFORCEMENT 

Figure 62.2.1.c 

In certain cases in which it is not necessary to stiffen the support but the design 
ultimate tensile strength of the bolts on the support side is insufficient, it may be 
economical to strengthen its flange with two reinforcing plates, of thickness t1, held only 
with the bolts of the beam joint (Figure 62.2.1.c). 

If reinforcing plates are used, the design resistance of the T-stub FT,Rd shall be 
determined using the method given in Table 61.2.a. 
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62.2.2. Moment resistance of a joint 

If a joint is subjected in general to an axial force NEd, positive for tension, a shear 
force VEd and a bending moment MEd, the joint shall be checked as follows: 

- The value of FT,Rd shall be determined for each of the T-stubs in accordance 
with the provisions of section 61.2. 

- The moment Mj,Rd that the joint can resist is given by: 

m j ,Rd  ( ftr ,Rd ,idi ) 

Where di is defined in Figure 61.2.a. 

- The following should be true for the joint to be safe MEd ≤ Mj,Rd. 

- The method given in this section to determine the design moment resistance of 
a joint Mj,Rd does not consider any coexisting axial force NEd in the connected 
member. Consequently, they should not be used if the axial force in the 
connected member is greater than 5 % of the design plastic resistance Npℓ,Rd of 
its cross-section. 

- If the axial force NEd in the connected beam exceeds 5 % of the design 
resistance Npl,Rd, the following conservative method may be used: 

M Nj ,Es j ,Ed  1,0 
M Nj ,Rd j ,Rd 

in which: 

Mj,Rd Design moment resistance of the joint, assuming that no axial forces are 
acting. 

Nj,Rd Design moment resistance of the joint, assuming that no applied 
moment exists. 

- The effective design tension resistance Ftr,Rd of a bolt row r, as an individual bolt 
row, shall be the smaller design ultimate tensile strength value for an individual 
bolt row of the following basic components: 

- Column web in tension Ft,wc,Rd (defined in section 62.1.2). 

- Column flange in bending. FT,fc,Rd (defined in section 62.2.1) . 

- End plate in bending: FT,ep,Rd (defined in section 61.2). 

- Beam web in tension: Ft,wb,Rd (defined in section 61.2.1). 

- The design effective tensile resistance Ftr,Rd of the bolt row r  should , if  
necessary, be reduced to ensure that, when all of the aforementioned bolt rows 
including bolt row r, are taken into account, the following conditions are 
satisfied: 

- The total design resistance ΣFt,Rd ≤ Vwp,Rd /β (with β as per point 62.3). 

TITLE 5 page 64 



 

 

 
 

 

 

 

  

 

 

 

 
 

 
 

 

 

  

 
 

 

 

	

	

	

	 

 

	 

	 

	

 

	

	

 

	 

	 

 

	

- The total design resistance ΣFt,Rd does not exceed the smaller of: 

- The design compression resistance of the column web Fc,wc,Rd (see 
section 62.1.2). 

- The design compression resistance of the flange and web of the 
beam Fc,fb,Rd (see section 61.2.1). 

- The design effective tension resistance Ftr,Rd of bolt row r  should , if necessary, 
be reduced to ensure that the sum of the design strengths of the preceding bolt rows, 
including bolt row r which is part of the same group of bolt rows, does not exceed the 
design strength of said group as a whole. This must be checked for the following basic 
components: 

- The column web in tension Ft,wc,Rd 

- The column flange in bending FT,fc,Rd 

- The end plate in bending FT,ep,Rd 

- The beam web in tension Ft,wb,Rd 

- It shall be assumed that the shear force VEd acting on the joint is resisted by the 
bolts working as part of the corresponding joint category: A, B or C. 

62.3 	 Joint stiffness 

It shall be necessary to determine the stiffness Sj of the joint as indicated below, 
and it shall be checked, in accordance with the provisions of 57.4, that the hypothesis 
that it is rigid is correct. If the hypothesis is incorrect, it shall be necessary to 
predetermine the forces in consideration of the stiffness Sj of the joint. 

The initial rotationl stiffness of a beam-to-column joint is given by the following 
expression, provided that the axial force NEd in the connected element does not exceed 
5 % of the design resistance Npℓ,Rd of its cross-section: 

E 2 
zS j ,ini 

 
1 

ki 

where: 

z	 Joint lever arm. For welded joints, z shall be as set out in section 62.1.5. 
For bolted joints, z shall be zeq as defined below. Approximately, for joints 
with bolted extended end-plates, z may be taken as the distance from the 
centre of compression to the intermediate point between the two further 
bolt rows in tension. 

ki	 Stiffness of each basic component, as defined below: 

a) Shear stiffness of the column web: 

Avckwv  0,38 
z 
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If the column web is stiffened with oblique stiffeners kwv   

b) Tension stiffness of the column web: 

h tef wckwt  0,7
 
dc
 

If the column web is stiffened kwt  
 

c) Compression stiffness of the column web: 


h tef wckwc  0,7 
dc 

If the column web is stiffened kwc   

d) Bending stiffness of the column flange, corresponding to a bolt row: 

t3bef , f fck f  0,9 
3m 

e) Bending stiffness of the end-plate, corresponding to a bolt row: 

t3bef , p pkp  0,9 
3m 

f) Tension stiffness  of a bolt row: 

ASkb 1,6 

Lb
 

In all of the above: 

Avc Column shear area. 

β Transformation parameter, function of the beam moments (see Figure 
62.1.2.b). 


For the right joint:β1 =|1-(Mb2,Ed / Mb1,Ed)|)≤2
 

For the left joint:β2 =|1-(Mb1,Ed / Mb2,Ed)|)≤2 

hef Effective width of the column web. Defined in section 62.1.2 for the 
column web in compression and web in tension in welded joints and 
in section 62.2.1 for the column web in tension in bolted joints. 

twc and tfc Thickness of column web and flange respectively. 

dc Straight part of the column web, dc = hc – 2(tfc – rc) 

tp Thickness of the end-plate. 

As Resistance area of bolts in tension (see Table 58.7). 

Lb Bolt grip length, distance from the middle of the thickness of the nut to 
the middle of the thickness of the head. 
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bef,f	 Effective width of the column flange in bending. This shall be the 
smaller of the effective lengths (individually or as part of a bolt group) 
for the bolt row given in section 62.2.1 for unstiffened and stiffened 
flanges. 

bef,p	 Effective width of the end plate in bending. The smaller of the effective 
lengths (individually or as part of a bolt group) given for the bolt row in 
section 61.2 shall be taken. 

m	 Defined in general in Figure 61.2.a and 61.2.b, but for a bolt row 
located in the extended portion of an extended end plate m=mx , 
where mx is as defined in Figure 61.2.b. 

For joints with end-plates with two or more bolt rows in tension, the basic 
components related to all of these bolt rows should be represented by a single 
equivalent stiffness ratio kea determined on the basis of: 

 k heff ,r r 
r 1

keq  with k eff ,r 
z	  k 

1 
eq 

i i,r 

where: 

hr	 Distance between bolt row r and the centre of compression. 

keff,r	 Effective stiffness ratio for bolt row r in consideration of the stiffness 
ratios ki,r for the basic components i (for beam-column joints, these are 
the column web in tension, the column flange in bending, the end-plate 
in bending and the bolts in tension, and for beam splices with bolted end 
plate, these are the end plates in bending and the bolts in tension). 

zeq	 Equivalent lever arm, with the value: 

2keff ,rhr 
rzeq  
keff ,rhr 

r 

As a simplification, in a bolted joint with end plate with more than one bolt row in 
tension, the contribution of any bolt row may be disregarded, provided that the 
contributions of the remaining bolt rows closest to the centre of compression are also 
disregarded. The number of bolt rows considered does not necessarily have to be the 
same as when determining the design moment resistance. 

62.4. Rotation capacity of a joint 

62.4.1. 	General 

If the global analysis of the structure is carried on using plastic methods and a 
plastic hinge is expected to form in the joint, the joint should have sufficient rotation 
capacity. 

The clauses of sections 64.4.2 and 64.4.3 are only valid for steels S235, S275 
and S355 and for joints in which design value of the axial force NEd in the member 
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connected does not exceed 5  % of the design plastic resistance Npl,Rd of its cross
section. 

The rotation capacity of joint need not be checked, provided that the design 
moment resistance of the joint Mj,Rd is at least 1.2 times the plastic moment resistance 
Mpl,Rd of the cross-section of connected member. 

62.4.2 Welded joints 

A welded beam-support joint, designed in accordance with the provisions of the 
above sections, unstiffened, has a rotation capacity ΦCd = 0.015 rad. 

A full-strength welded beam-column joint has sufficient rotation capacity to 
enable analysis of the structure using the plastic method. 

A welded beam-column joint in which the moment it can resist is limited by the 
resistance of the shear zone has sufficient rotation capacity to enable analysis of the 
structure using the plastic method. 

A welded beam-column joint with stiffened tension zone has sufficient rotation 
capacity to enable analysis of the structure using the plastic method, although it is not 
full strength. 

In a welded beam-column joint with stiffened compression zone (but not tension 
zone) and in which the moment it can resist is not limited by the resistance of the shear 
zone, the rotation capacity shall be taken as: 

hcCd  0,025 
hb 

62.4.3. Bolted joints 

A beam-to-column joint in which the design moment resistance of the joint is 
governed by the resistance of the column web panel in shear, may be assumed to 
have adequate rotation capacity for plastic global analysis, provided that dwc / tw ≤ 69 ε, 
where dwc is the depth of the column web. 

A joint with either a bolted-end plate or flange angle cleat connection may be 
assumed to have sufficient rotation capacity for plastic analysis provided that both of 
the following conditions are satisfied 

a) 	 The design moment resistance of the joint is governed by either on the 
resistance of the column flange in bending, or the resistance of the end- 
plate or angle iron of the flange in bending, i.e. in determining the design 
tension resistance FRd of all of the bolts in tension, failure mode 1 is key, 
either on the beam side or on the support side. 

b) 	The thickness t of either the column flange,or the beam end-plate or tension 
flange cleat satisfies: 

t  0,36d fub / f y 
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A bolted joint whose design moment resistance Mj,Rd depends on the design 
resistance of its bolts in shear should not be deemed to have sufficient rotation 
capacity for a plastic global analysis. 

Section 63. Hybrid connections with bolts and welds 

63.1. Bolt types 

If, in a single joint between two parts, weld chords and bolts are required to help 
transmit the shear force, the connecting means that provides the greatest stiffness 
should be designed to withstand the entire load. 

As an exception, preloaded class 8.8 and 10.9 bolts in connections designed as 
slip-resistant at the ultimate limit state (category C) may be assumed to share load with 
welds, provided that the final tightening of the bolts is carried out after the welding is 
complete. 

The strength of the connection shall be the sum of the resistance provided by the 
weld and the bolts, calculated in accordance with the provisions of sections 59.8, 59.9 
and 58.8 respectively. 

63.2. Making the connection 

High-strength bolts are not tightened until welding is complete to prevent them 
being affected by residual welding stresses. 

63.3. Strengthening 

If it is necessary to strengthen an existing bolted or riveted connection, weld 
chords may be used, provided that they are calculated to be able to resist all of the 
forces generated by the permanent loads that the strengthening itself introduces, and 
all of the overloads that can act once the strengthening has been effected. 

The forces generated by the permanent loads existing before the strengthening 
was done must be resisted by existing connection means. 

Section 64. Hollow section joints 

64.1. Scope 

This section sets out the application rules to calculate the static resistance of 
uniplanar and multiplanar joints made between hollow, circular or rectangular section 
bars or between bars of this type and H- or U-section hot-rolled bars that in general are 
part of structures or lattice members or Vierendeel, flat or spatial. 

For fatigue assessment see the provisions of Chapter XI Fatigue of this Code. 

These application rules are valid both for hot-finished hollow sections to UNE-EN 
10210 and for cold-formed hollow sections to UNE-EN 10219. 

For parts manufactured with S420 or S460 steel, the resistance calculated in 
accordance with the rules set out in the sections below must be reduced by multiplying 
it by a factor of 0.9. 
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The minimun value thickness of hollow sections should not be less than 2.5 mm. 
If the thickness of the node zone is greater than 25.0 mm, the steel of the chord in this 
zone must be type Z. 

The value γM5 = 1.00 shall be taken for the partial safety coefficient γM5 in this type 
of joint. 

The angle θ between adjacent bars should satisfy the condition θ ≥ 30º. 

Given that the expressions providing the resistance of these joints has been 
calculated primarily on the basis of analysis of a wide base of experimental results, its 
scope is strictly limited to that indicated in this section, and they may not be 
extrapolated to arrangements or dimensions not expressly admitted therein, since such 
extrapolation may give unsafe results. 

64.2 Definitions and terms 

The types of joints covered are indicated in fig. 64.2.a, although it is preferable to 
use those listed first: 

- Direct joints by welding between hollow sections or between hollow sections 
and hot-rolled H- or U-bars, without modifying the cross-section of any bar. 

- Direct joints by welding between hollow sections or between hollow sections 
and hot-rolled H- or U-bars, modifying the cross-section of one of the circular 
hollow bars in the joint by flattening. 

- Joints with welded blocks, without modifying the cross-section of any of the 
bars involved. 

The following shall apply in particular to direct joints: 

CHS , circular hollow section bar. 

RHS , rectangular or square hollow section bar. 

Chord, main bar that neither starts nor ends in the node in which the joint is 
made, but continues through it. It is expressly forbidden to perforate it to enable other 
bars can penetrate its interior, although this may be done with node blocks, if they are 
used. 

Diagonal, secondary bar that starts or ends in the node, and that forms an angle 
θ ≠ 90º with the corresponding chord. 

Upright, secondary bar that starts or ends in the node, and that forms an angle θ 
= 90º with the corresponding chord. 

Flat joint, joint in which the axes of all of the bars involved in the joint are located 
in the same plane. 

Spatial joint, joint in which the axes of all of the bars involved in the joint are not 
located in the same plane. 

T joint, flat joint between a chord and an upright, in which the forces in the upright 
are balanced by the shear and bending forces in the chord (Figure 64.2.a). 
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Y joint, flat joint between a chord and a diagonal, in which the forces in it are 
balanced by the shear and bending forces in the chord (Figure 64.2.a). 

X joint, flat joint between a chord and two diagonals or two uprights arranged in 
extension, in which the forces in the diagonals or uprights balance each other, passing 
through the chord (Figure 64.2.a). 

K joint, flat joint between a chord and two diagonals, in which the forces in it are 
balanced by axial forces in the chord (Figure 64.2.a). In general, this applies to Warren 
trusses. They may be gap or overlap joints. 

N joint, flat joint between a chord and brace member, in which the forces in the 
brace member are balanced by axial forces in the chord (Figure 64.2.a). In general, this 
applies to Howe or Pratt trusses. They may be gap or lap joints. 

KT joint, flat joint between a chord, two diagonals and one upright, in which the 
forces in the diagonals and the upright are balanced by axial forces in the chord (Figure 
64.2.a). In general, this applies to Warren trusses with uprights. They may be gap or 
lap joints. 

DK joint, flat joint between one chord and two pairs of diagonals that press the 
chord symmetrically in respect of its axis (Figure 64.2.a). The force in each diagonal is 
balanced by the force in the extended diagonal, passing through the chord. They may 
be gap or lap joints. 

DY joint, flat joint between one chord and two diagonals that press the chord 
symmetrically in respect of its axis (Figure 64.2.a). Axial forces in the chord balance the 
forces in the diagonals. 

TT joint, spatial joint between a chord and two uprights. The plane defined by the 
two uprights is perpendicular to the chord (Figure 64.2.a). The force in the uprights is 
balanced by shear and bending forces in the chord. 

XX joint, spatial joint between a chord and two pairs of uprights. Within each pair, 
the two uprights are in extension. The planes defined by the chord and each of the two 
pairs of uprights is perpendicular to each other (Figure 64.2.a). The force in the 
extended diagonal, passing through the chord, balances the force in each upright. 

KK joint, spatial joint between a chord and two pairs of diagonals. The planes 
defined by the chord and each of the two pairs of […] form a specific angle with each 
other (Figure 64.2.a). The force in the diagonals is balanced by shear and bending 
forces in the chord. 

Toe and heel, vertices of the most obtuse and most acute angles respectively in 
the joint between a diagonal or upright and the chord. 
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K joint 
KT joint N joint 

T joint 
X joint Y joint 

DK joint KK joint 

X joint TT joint 

DY joint XX joint 

Figure 64.2.a Types of joints in hollow section lattice girders 

Joint with gap, K, N or similar joint in which the feet of two contiguous diagonals 
or uprights do not touch (Figure 64.2.b). 
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Joint with overlap, K, N or similar joint in which the feet of two contiguous 
diagonals or uprights penetrate one another (Figure 64.2.c).The bar with the highest 
product tify or that is the widest (overlapped bar) must continue to the chord; the other 
bar (overlapping bar) must cross the overlapped bar and the chord. 

d, diameter of a bar (figure 64.2.b). 

b, h, Transversal dimensions of a bar, perpendicular to the plane of the 
joint and in the plane of the joint respectively (Figure 64.2.c). 

t, thickness of a bar. 

Subscripts: 

0, relating to the chord. 

i, relating to diagonals or uprights (I = 1, 2 or 3). 

f, relating to a beam. 

p, relating to a plate. 

Figure 64.2.b 
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Figure 64.2.c 

g, gap between the feet of two contiguous brace members in K, N or similar 
joints, measured along the chord face in the plane of the joint, regardless of the 
thickness of the weld (Figure 64.2.d).The following shall  be true in all cases: 

g ≥ t1 + t2 

where t1 and t2 are the thicknesses of adjacent brace members. 

Figure 64.2.d 

Gap joints 

p, in K, N or similar joints, length of the intersection of the overlapped 
member with the chord, measured along the face of the chord in the 
plane of the joint (Figure 64.2.e). 

q, in K, N or similar joints, theoretical overlap length, measured along 
the face of the chord in the plane of the joint (Figure 64.2.e). 
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Figure 64.2.e 

e, Eccentricity in the node, positive if the crossing point of the  braces is on a 
different side, in consideration of the axis of the chord, to the diagonals brace members 
themselves, or negative if this is not the case (Figures 64.2.f.a and 64.2.f.b). 

Figure 64.2.f.a Figure 64.2.f.b 

 When checking chords subjects to compression, it is advisable to take account 
of any moments arising from the existence of eccentricities. If the chord is in tension 
and the eccentricity is within the following range: 

 0,55 	 
e 
 0,25 or  0,55  

e 
 0,25 


d0 h0 


The resulting bending moments may be ignored in node and chord calculations. 

β, ratio of dimensions between a brace and the corresponding chord. The 
following values shall be taken as a function of joint type: 

For T, Y or X joints: 

d	 d b1	 1 1  ;  ; or   ;
d	 b b0	 0 0 

For K or N joints: 
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d  d d  d b  b  h  h1 2 1 2 1 2 1 2  ;  or   
2d 2b 4d0 0 0 

For KT joints: 

d  d  d d  d  d b  b  b  h  h  h1 2 3 1 2 3 1 2 3 1 2 3  ;   or   
3d 3b 6d0 0 0 

γ , ratio between the dimension of a chord and twice its thickness. 
Depending on the bar type, this shall be: 

d0 b0 b0  ;  or  
2t0 2t0 2t f 

η, ratio between the height of a brace member and the diameter or width of 
the corresponding chord: 

hi hi   or  
d0 b0 

λov, overlap ratio as a percentage: 

qov 100  (see Figure 64.2.e) 
p 

λov,lim limit or critical overlap ratio. 


To ensure the proper transfer of forces between the two bars, the following
 
condition should be satisfied: 

λov ≥ 25 

N0,Ed, M0,ed, design forces (axial and bending, respectively) in the chord. 

Ni,Ed, design axial force in the brace member i. 

A0, Wel,0  section and elastic modulus of the chord. 

N p ,Ed  N 0,Ed  Ni ,Ed cos i
 
i0
 

Np,Ed, is the value of the axial force disregarding the members of the diagonals 
or uprights parallel to the axis of the chord. 

N Mo,Ed 0,Ed  0,Ed A W0 el ,0 

N Mp,Ed 0,Ed  p,Ed A W0 el ,0 
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 0,Edn   (in chords of rectangular or square section); 
f y,0 

 
np  

f 	
p,Ed  (in chords of circular section). 

y,0 


64.3. Welds 

Direct joints between bars shall be made by welding. Joints between blocks and 
chords and joints between braces and blocks shall also be welded. 

In direct joints between bars, the weld shall be made along the entire contact 
perimeter of the diagonal or upright with the chord. Exceptionally, in joints with overlap, 
the overlapped part need not be welded, providing that the members perpendicular to 
the chord of the axial forces in the other two bars in the node do not differ from one 
another by more than 20 % of the larger of said members. If this is not the case, the 
most stressed bar shall be the passing bar, and it shall be welded in full to the chord 
before being overlapped by the other diagonal or upright. 

Said weld may be a butt weld with partial penetration or a fillet weld or a 
combination of these. In any case, the resistance of the weld must not be less than that 
of the bar, diagonal or upright, connected to the chord or to another brace. In specific 
lightly stressed zones, a lower weld resistance may be permitted provided that the 
Designer explicitly demonstrates that the welds are sufficiently resistant, both to enable 
non-uniform distribution of stresses and to ensure the deformation capacity necessary 
to enable the redistribution of secondary bending. 

This condition shall be assumed to be satisfied if the weld is full penetration or if 
its throat “a” is at least equal to the thickness ti of the bar to be joined. For this purpose, 
“A” shall be the effective throat determined by discounting the throat thickness 
provided, which depends on the clearance between the diagonal or upright and the 
chord, as shown in Figure 64.3.a.In any case, the clearance must always be less than 
3 mm, as shown in the Figures 64.3.b and 64.3.c. 

In the case of fillet welds, or partial penetration welds, the project execution 
monitoring plan shall include approval of the welding procedures, as per UNE-EN ISO 
15614-1 or UNE-EN ISO 15613, for all of the joint types required for the different 
geometry of diameters, thicknesses, number and angles of members in the node, 
degrees of gap or overlap, etc. Said procedures must explicitly define the following in 
particular: 

- Accreditation of the maximum clearances throughout the perimeter of the joint. 

- The start and end points of each pass and the number of passes required to 
guarantee the design thickness of the effective throat of the fillet weld along the 
entire perimeter of the joint, which requires a variable number of passes between 
the toe, heel and side zones of the joint. 

- Accreditation of the external geometry of the joint, once finished, to guarantee 
that the design thickness of the effective throat has been achieved throughout 
the entire perimeter. 

 The throat between curved edges is defined in Figure 64.3.a. 

For rectangular structural hollow the design throat thickness is defined in figures 
64.3.b and 64.3.c and circular sections respectively. More detailed recommendations 
are given in standard EN 1090-2. 
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 X DETAILS 

Edge prepared 
square to lattice rods 

Y DETAILS Z DETAILS 

EFFECTIVE S. 
EFFECTIVE S. 

GROSS  S.GROSS S. CLEARANCE CLEARANCE 

Blocks and their welded joints to chords shall be dimensioned to resist the forces 
resulting from the forces transmitted to the same by the diagonals or uprights in it, 
determined in accordance with the provisions of section 60.3. 

ALTERNATIVE 

y todos los espesores and all thicknesses 

Figure 64.3.b Weld preparation and fit-up Construction details of typical welds 
rectangular hollow sections 
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y todos los espesores and all thicknesses 

X DETAILS 

Edge prepared 
square to lattice rods 

Y DETAILS Z DETAILS 

ALTERNATIVE 

Figure 64.3.c Weld preparation and fit-up. Construction details of typical welds circular 
hollow sections 

64.4. Manufacture 

In direct joints, the ends of brace members shall be cut to fit the chord. Cutting 
the chord to enable the passage of diagonals or uprights is expressly forbidden. 

The use of automatic machines is recommended for said cut. If automatic 
machines are not available, the use of flat, single, double or triple cuts (Figure 64.4.a) 
shall be permitted provided that they satisfy the following limitations (Figure 64.4.b). 

g1 ≤ t1; g1 ≤ t0 ; g2 ≤ 3 mm 
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Where g1 is the distance from the outer face of the diagonal or upright to the face 
of the chord, and g2 is the distance from the inner face of the diagonal or upright to the 
face of the chord. 

Figure 64.4.a Figure 64.4.b 

64.5. Failure modes for hollow sections joints 

The design joint resistance between bars of hollow section or between bars of 
hollow section with bars of open section should be determined by studying the different 
failure modes of the joint, as detailed below. 

The sections below and Annex 9 provide formulas to calculate such resistance 
for given failure modes. To determine the design resistance for other failure modes, the 
general methods provided for in this Code should be applied. 

Although in general the resistance of a correctly welded joint is greater in tension 
than in compression, the design resistances given are based on the resistance of 
compressed joints to prevent possible excessive local deformation or reduced or 
inadequate rotation capacity. 

The possible failure modes to be studied in general are as follows: 

a) 	 Failure of the chord face, by plastic failure of the chord face or of the entire 
section of the chord itself. 

b) 	 Failure of the chord web or the chord side wall failure by plastification, flattening 
or local buckling under the compressed diagonal or upright. 

c) 	 Shear failure of the chord. 

d) 	 Punching shear of the chord face by crack initiation leading to the separation of 
the tensioned diagonal or upright of the chord. 

e) 	 Brace failure as a result of insufficient effective width. 

f) 	 Failure by local buckling of a brace or of a hollow section chord member close to 
the joint. 

The different types of failure for joints with CHS or RHS beams and open-section 
beams are shown in Figures A-9-1, A-9-2 and A-9-3 of Annex 9. 
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The design force of a brace shall not be greater than the resistance of the bar 
itself, calculated in accordance with the general principles contained in this Code, or 
the lesser of the resistances of its end joints, calculated in accordance with the 
provisions of this section. 

64.6. Welded joints between circular-section hollow beams CHS 

64.6.1. General 

The design resistance of the joint between circular-section hollow bars shall 
satisfy the conditions set out in sections 64.6.2 if the joint is flat or 64.6.3 if it is spatial. 

For joints that satisfied the geometric conditions set out in Table 64.6.1, it shall 
only be necessary to check the failure of the chord face and its punching shear. The 
design resistance shall be the smaller of the resistances obtained for the two possible 
failure mechanisms. 

For joints that do not satisfy the geometric conditions set out in Table 64.6.1, it 
shall be necessary to check all of the failure mechanisms indicated in section 64.5 
above. Furthermore, the secondary moments caused by the rotation stiffness of the 
node itself must be taken into account, on account of which, in this case, design 
models that consider the ends of diagonals or uprights to be articulated shall not be 
valid. 

Table 64.6.1 Geometric conditions for joints between circular-section hollow bars 

Ratio of diameters 0.2 ≤ di/d0 ≤ 1.0 

Chords Tension 10 ≤ d0/t0 ≤ 50 (in general) 

Except:10 ≤ d=/t0 ≤ 40 (for X joints) 

Compression Class 1 or 2 and 

10 ≤ d0/t0 ≤ 50 (in general), 

Except:10 ≤ d0/t0 ≤ 40 (for X joints) 

Braces Tension di/ti ≤ 50 

Compression Class 1 or 2 

Overlap 25 % ≤ λov ≤ λov,lim (see note below) 

Gap g ≥ t1 + t2 

NB: Joints between brace members  and the chord must be checked for shear if any of the 
following conditions are true: 

a) If the overlap exceeds λov,lim = 60 % and the hidden face of the overlapped upright or 
diagonal is not welded. 

b) If the overlap exceeds λov,lim = 80 % and the hidden face of the overlapped upright or 
diagonal is welded. 

c) If the braces are rectangular hollow section  with hi<bi and/or hj<bj 

64.6.2. Flat joints 

In joints whose diagonals or uprights are only subjected to axial forces, the 
design axial force Ni,Ed must not be greater than the design resistance of the joint Ni,Rd, 
as shown in Tables A-9-1, A-9-2 or A-9-3 of Annex 9. 

Joints whose braces are subject to axial force and bending moment must satisfy 
the following: 
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M op ,i ,EdN i ,Ed 
 M ip ,i ,Ed 




2 

    1,0 
N i ,Rd  M ip ,i ,Rd  M op ,i ,Rd 

where: 

Ni,Ed, Mip,i,Ed, Mop,i,Ed are respectively the design axial force, the design bending 
moment in the plane of the joint and the design bending moment in the plane 
perpendicular to the joint. These bending moments shall be determined at the point of 
intersection between the axis of the diagonal or upright and the chord face. 

Ni,Rd, Mip,i,Rd, Mop,i,Rd are the resistances of the joint to axial force, to bending 
moment in the plane of the joint and to bending moment in the plane perpendicular to 
the joint, as given in Tables A-9-1, A-9-2, A-9-3 or A-9-4 of Annex 9. 

DY, KT, DX and DK Joints should satisfy the additional requirements set out in 
Table A-9-5 of Annex 9. 

The values of the parameter kg used in Table A-9-1 of Annex 9 for K, N and KT 
joints are given in Figure A-9-4. 

64.6.3. Spatial joints 

The resistance of the joint of each brace member to the corresponding chord in 
the spatial joint is equal to that of the same joint if flat (section 64.6.2), but multiplied by 
a reduction factor μ given in Table A-9-6 of Annex 9 and in consideration of the suitable 
value of the parameter kp given in the corresponding table. 

64.7. Welded joints between CHS or RHS brace members and RHS chords 

64.7.1. General points 

The design resistance of the joint between hollow sections CHS or RHS brace 
members and RHS chords shall satisfy the conditions set out in sections 64.7.2 if the 
joint is flat or 64.7.3 if it is spatial. 

For joints within the range of validity given in Table 64.7.1, it shall only be 
necessary to check the failure mode given in the applicable table of Annex 9. The 
design resistance shall be the smaller of the values obtained for the possible failure 
mechanisms. 
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Table 64.7.1 Geometric conditions for joints between diagonals or uprights 

CHS or RHS and RHS chords 


Joint type 

Joint parameters [ i = 1 or 2, j = overlapped brace ] 

bi /b0odi 

/b0 

bi /tiy hi /ti or di /ti 
h0 /b0 

and hi 

/bi 

b0 /t0 

and h0 

/t0 

Gap or overlap bi 

/bj 

Compression Tension 

T, Y or X 
bi /b0 ≥ 
0.25 

bi /ti ≤ 35 and hi 

/ti ≤ 35 and 
Class 1 or 2 

bi /ti≤ 35 
and hi /ti≤ 

35 

≥ 
0,5but≤ 

2,0 

≤
 35 and 
Class 1 

or 2 

-

K gap N 
with gap 

bi /b0 ≥ 
0.35y≥ 
0.1 + 
0.01 
b0/t0 

≤ 35 
and 

Class 1 
or 2 

g/b0 ≥ 0.5(1 – β) 
but ≤ 1.5(1 

β)1)and at least g ≥ 
t1 + t2 

K overlap N 
overlap 

bi /b0 ≥ 
0.25 

Class 1 
Class 1 

or 2 
25 % ≤ λov ≤ λov,lim 

2) 

and bi /bj ≤ 0.75 

Circular brace 
member 

di /b0 ≥ 
0.4 but ≤ 

0.8 
Class 1 di /ti≤ 50 

As above, but with di replacing bI and di 

replacing bj. 

1) If g /b0> 1.5(1 - β) and g > t1 + t2, treat the joint as two separate T or Y joints. 
2) λov,lim = 60 % if the hidden part is not welded to the chord, and 80 % if the hidden part is welded to the 
chord. If the coating exceeds the value λov,lim or if the brace members  are of rectangular section with hi< bi 

and/or hj< bj, the joint between the braces  and the chord face must be checked for shear. 

For joints that do not satisfy the geometric conditions set out in Table 64.7.1, it 
shall be necessary to check all of the failure mechanisms indicated in section 64.5 
above. Furthermore, the secondary moments caused by the rotation stiffness of the 
node itself must be taken into account, on account of which, in this case, design 
models that consider the ends of diagonals or uprights to be hingen shall not be valid. 

64.7.2. Flat joints 

64.7.2.1. Un-reinforced joints 

In joints whose brace members are only subjected to axial forces, the design 
axial force Ni,Ed must not be greater than the design axial resistance of the joint Ni,Rd 

determined as follows: 

a) For welded joints between brace members of square or circular hollow 
section and chords of square hollow section, if the geometric conditions in Table 64.7.1 
are met and the additional conditions given in Table 64.7.2 are met, the design axial 
resistance may be determined from  the expressions given in Table A-9-7. 

b) For joints within the range of validity of Table 64.7.1, it shall only be 
necessary to check failure of the chord face and brace failure with reduced effective 
width. The design axial resistance of the joint should be taken as the minimum value 
arising from these two conditions. 
(NB: The design axial resistance for joints between braces of hollow section and chords of 
square section given in Table A-9-7 have been simplified, omitting those failure criteria that 
are not critical for joints that are within the range of validity of Table 64.7.2). 
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Design resistance of any welded non-reinforced joint between SHC or SHR braces and 
SHR chords that satisfy the geometric conditions of Table 64.7.1 may be determined using 
the expressions given in Tables A-9-8, A-9-9 and A-9-10, as applicable. For reinforced 
joints, see 64.7.2.2. 

Table 64.7.2 Additional conditions for the use of Table 64.7.1 
Type of brace Joint type Joint parameters 

Square hollow section T, Y or X bi /b0 ≤ 0.85 b0 /t0 ≥ 10 

K or N with gap 
0.6 ≤ 

1 

21 

2b 

bb  
≤ 1.3 

b0 /t0 ≥ 15 

Circular hollow section T, Y or X b0 /t0 ≥ 10 
K or N with gap 

0.6 ≤ 
1 

21 

2d 

dd  
≤ 1.3 

b0 /t0 ≥ 15 

Brace members connections subjected Joints to combined axial force and 
bending moment must satisfy the following requirement: 

Ni ,Ed  
M ip ,i ,Ed  

M op ,i ,Ed 

N M Mi ,Rd ip ,i ,Rd op ,i ,Rd 

where: 
Ni,Ed, Mip,i,Ed, Mop,i,Ed are respectively the design axial force, the design in-plane 

internal moment and the design  out-of-plane internal moment. These bending 
moments shall be determined at the point of intersection between the axis of the 
diagonal or upright and the chord face. 

Ni,Rd, Mip,i,Rd, Mop,i,Rd are the resistances of the joint to axial force, the design in
plane moment resistance and the design out-of-plane moment resistance, as given in 
Tables A-9-7, A-9-8, A-9-9, A-9-10 or A-9-11 of Annex 9. For reinforced joints, see 
section 64.7.2.2. 

The special types of welded joints included in Tables A-9-12 and A-9-13 must 
comply with the design criteria set out for each type of joint in these tables. 

64.7.2.2 Reinforced joints 

Various types of reinforcements may be used. The correct type depends upon 
the predominant failure mode in the design resistance of the joint, in the absence of 
reinforcement. 

Flange reinforcement plates may be used to increase the resistance of the joint to 
chord face failure, punching shear or failure of the brace on account of insufficient 
effective width. A pair of side plates may be used to reinforce joint against chord side 
wall failure or shear failure of the chord. 

The design resistance of reinforced joints must be determined using Tables A-9
14 and A-9-15. 
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64.7.3. Spatial joints 

Spatial joints must observe the design criteria for flat joints. 

The resistance of the joint of each brace to the corresponding chord in the spatial 
joint is equal to that of the same joint if flat (section 64.7.2), but multiplied by a 
reduction factor μ given in Table A-9-16 of Annex 9 and in consideration of the suitable 
value of the parameter kn given in the corresponding table. 

64.8 Welded joints between CHS or RHS brace members and I- or H-
section chords 

For welded joints between braces of hollow section and chords of I or H section 
that comply with the geometric conditions in Table 64.8, the design resistance shall be 
determined using the expressions given in Table A-9-17 or A-9-18, as applicable. 

Table 64.8 Geometric conditions for welded joints between CHS or RHS diagonals or 
uprights and I- or H-section chords 

Joint type 
Joint parameters [ i = 1 or 2, j= overlapped brace member ] 

dw /tw 
bi /ti and hi /tior di /ti hi /bi b0 /tf bi /bjCompression Tension 

X 
Class 1 and 
dw < 400 mm 

Class 1 or 2 
and h//t<35 
b / t / <  35 
d / t / <  50 

h/t<35 b / t <  35 
d / t <  50 

> 0.5 
but < 
2.0 

Class 
1 or 

2 

T or Y 

Class 1 or 
2 and dw < 
400 mm 

1.0 -K with gap 
N with gap (see note) 

K with overlap 
K with overlap 

> 0.5 
but < 
2.0 

> 
0.75 

NB: Joints between braces  and the chord must be checked for shear if any of the following 
conditions are true: 
a) If the overlap exceeds λov,lim = 60 % and the hidden face of the overlapped brace  is not 
welded. 
b) If the overlap exceeds λov,lim = 80 % and the hidden face of the overlapped upright or 
diagonal is welded. 
c) If the brace members  are rectangular hollow section  with hi<bi and/or hj<bj 

For joints that satisfy the geometric conditions in Table 64.8, it shall only be 
necessary to consider the design criteria set out in the corresponding table. The design 
resistance of the joint shall be the smaller of the values obtained from all of the 
applicable criteria. 

For joints that do not satisfy the geometric conditions set out in Table 64.8, it shall 
be necessary to check all of the failure mechanisms indicated in section 
64.5.Furthermore the secondary moments caused by the rotation stiffness of the node 
itself should  be considered . 
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In joints whose brace members are only subjected to axial forces, the design 
axial force Ni,Ed must not be greater than the design resistance of the joint Ni,Rd 

obtained in Table A-9-17. 

Joints whose brace members are subject to axial force and bending moment 
must satisfy the following: 

N Mi ,Ed ip ,i ,Ed  1,0 
N Mi ,Rd ip ,i ,Rd 

where: 

Mip,i,Ed and Mipj¡Rd are the design moments and moment resistance in the plane. These 
bending moments shall be determined at the point of intersection between the axis of 
the member diagonal or upright and the chord face. The moment resistance Mip,i,Rd 

shall be obtained using Table A-9-18. 

If stiffeners are used in the chord (see Figure 64.8) the resistance of the member 
Ni,Rd for T, X, Y or K joints with spacing and N joints with spacing (Table A-9-17) shall 
be determined as follows: 

Ni,Rd = 2 fyi ti (beff + beff,s) 

where: 


beff = tw + 2r + 7 tf fyo / fyi but< bi + hi - 2ti
 

beff,s = ts + 2a + 7 tf fyo / fyi but< bi + hi - 2ti 

beff + beff,s< bi + hi - 2ti 

in which: 

a Weld throat of the stiffener, ‘2a’ becomes ‘a’ if fillet welds are used on each side 
of the stiffener; 

s Relates to the stiffener. 

The stiffener shall have a thickness no less than the thickness of the web of the I
beam. 

Figure 64.8 Effective perimeter of the diagonal or upright without (left) and with 
(right) stiffeners 
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64.9. Welded joints between CHS or RHS brace members and U-section 
chords 

For welded joints between braces of hollow section and U-section chords that 
satisfy the geometric conditions in Table 64.9, the design resistance shall be 
determined using the expressions given in Table A-9-19. 

Table 64.9 Geometric conditions for welded joints between CHS or RHS braces 
and U-section chords 

Joint type 

Joint parameters [ i = 1 or 2, j = brace member ] 

bi /b0 

bi /tiy hi /tio di /ti hi /bi  bo /to Gap or overlap bi /bj 

Compression Tension 

K gap 

N gap 

≥0.4 and 
bo≤ 400 

mm 

Class 1 or 2 y 
hi/ti≤ 35 

bi /ti≤ 35 

di /ti≤ 50 

hi/ti≤ 35 

bi /ti≤ 35 di 

/ti≤ 50 

≥0.5 
but≤ 
2.0 

Class 
1 or 2 

0.5(1
β*)≤g/bo 

*≤1.5(1
β*)1) and g≥ t1 + t2 

K overlap 

N overlap 

≥0.25 y 
bo≤ 400 

mm 

25 % ≤λov≤λov,lim
2) 

bi/bj> 0.75 

β* = b1/b0 
* 

b0 
* = b0 - 2 (tw + r0) 

1) This condition shall only apply if β ≤ 0.85 
2) Joints between members  and the chord must be checked for shear if any of the following conditions are 

true: 

a) If the overlap exceeds λov,lim= 60 % and the hidden face of the overlapped upright or diagonal is not 
welded. 

b) If the overlap exceeds λov,lim = 80 % and the hidden face of the overlapped upright or diagonal is welded. 

c) If the uprights or diagonals are rectangular tubular with hi<bi and/or hj<bj 

The secondary moments in the joints caused by their stiffness must be taken into 
account. 

In gap joints, the design resistance to axial force of the chord N0,Rd shall be 
determined in consideration of the shear force transmitted by the diagonals or uprights 
to the chord, disregarding the related secondary moment. This shall be checked in 
accordance with the provisions of Chapter IX. 

Section 65. Joints in foundations 

65.1. General 

The support of the structure shall comply as closely as possible with the binding 
conditions provided for in the design. 

The support mechanisms shall be designed such that: 

- they can transmit to the foundations the forces considered in the 
design without causing in it any stresses that it cannot properly resist. 

- they enable the movements considered in the design without causing 
stresses not provided for therein. 
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- they can be inspected and maintained easily. 

The foundations shall in turn be dimensioned such that they are able to transmit 
to the ground the forces that they receive from the structure such that it can resist them 
without causing any settlement or movement that invalidates the support conditions 
considered in the structural design. 

The maintenance plan for the structure shall give details of how to change 
support mechanisms if required. 

The zones around these mechanisms shall be designed such that they are able 
to resist the stresses to which they may be subjected during such a change. 

65.2. Base plates 

Base plates are the support mechanism most frequently used to join a support to 
its foundations. 

The joint between a support and its foundations using a base plate may be 
considered to be a rigid joint or perfect restraint if the conditions set out in section 
65.2.5 are satisfied. If the end of the support is not intended to bend (hinged joint) a pin 
or similar device must be placed between the plate and the support. 

The base plate shall be dimensioned to transmit the axial tension and 
compression forces, shear forces, bending moments and torsional moments 
determined in the design. 

65.2.1. Transmission of shear stresses 

The shear stresses generated by the shear forces and potential torsional moment 
may be transmitted to the foundations by: 

- Friction. Where Nc,Ed is the design value of the normal compression 
force , which shall include any pre-loaded force of the anchor bolts. 
The maximum shear force that can be transmitted by friction is: 

M2 2 x,EdVRd=Cf,d Nc,Ed≥VEd,ef= Vy,Ed Vz ,Ed  
0,25b 

where b is the smaller dimension of the base plate, Vy,Ed and Vz,Ed are the 
components of the designed shear force and Mx,Ed the design torsional force, 
concomitant with Nc,Ed. 

The Friction coefficient Cf,d between base plate and the concrete shall be 
Cf,d = 0.20 for sand-cement mortar. For other types of mortar, the 
Friction coefficient should  be determined by testing in accordance 
with UNE-EN 1990, Annex D - Using one of the connector types 
admitted in the Recommendations for the design of composite 
highway bridges, RPX-95, of the Directorate General of Highways 
(DGC) and calculated in accordance with the same. 

- Using the anchor bolts provided for. This method is not recommended 
if the bolts are also required to resist significant tensile forces. 

The Designer may consider together the friction resistance and the resistance of 
the anchor bolts jointly to resist the total shear and torsional forces. 

If anchor bolts are used to transmit shear forces, the following conditions shall be 
taken into account: 
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- The holes made in the base plate for the bolts may have the 
clearance indicated by the Designer to facilitate their assembly, but in 
this case washers with standard drill holes shall be placed on them 
and welded to the base plate using a weld strong enough to transmit 
the shear force that the bolt is required to absorb. 

- The shear and flattening resistance of the bolt against the base plate 
or against the lock washer shall be the smaller of those determined in 
accordance with the provisions of Sections 58.6 and 58.7, and the 
value obtained from: 

 f Ab ub SF  ,V 2.Rd  M 2 

where b = 0.44 – 0.0003fyb, where fyb is the yield strength of the bolt anchor (in 

N/mm2), where 235 N/mm2 ≤ fyb ≤ 640 N/mm2. 

- The flattening resistance to concrete shall be calculated in 
accordance with the provisions of Article 7.3.2.1 of Recommendations 
RPX-95 for designing composite highway bridges, RPX-95. 

65.2.2. Transmission of compression forces 

The compression forces generated by the axial force and bending moments may 
be transmitted from the compressed members of the support to the foundations, 
distributed via the base plate. 

The distribution of forces shall be assumed to be in equilibrium with the axial 
force and the bending moment of the support at start, in accordance with section 56.2. 
As a simplification, the criteria given in Figure 65.2.2.a may be used. 
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a) Dominant compression axial force 

b) Dominant tensile force  

c) Dominant moment 

d) Dominant moment 

Figure 65.2.2.a Determination of the lever arm z for column base connections 

The resistance of the compression zone shall be determined as follows: 

FC,Rd=fjdA0 , 

where fjd is the maximum resistance of the concrete and A0 is the maximum distribution 
area in compression, both parameters as defined below. 

The maximum distribution area in compression shall be delimited by lines parallel 
to the surfaces of the profiles of the column, at a maximum distance (Figure 65.2.2.b). 

c = t 
03 Mjd 

y 

f 

f 

 
Where fy is the yield strength of the steel of the base plate and t its thickness. 

The maximum resistance of the concrete is given by: 

F
f  Rdu 

jd A0 
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where βj is a factor that may be taken as 2/3 if the levelling mortar between the 
plate and the concrete of the foundations has a resistance at least equal to 0.2fck and 
the thickness no greater than 0.2 times the smaller dimension of the plate; A’0 is an 
approximation of the maximum distribution area in compression and FRdu is the 
maximum concentrated compression force that can act on the concrete in accordance 
with the EHE-08 Code (taking A’0 as the restricted area in which the forces applied). 

Supporting area 

surface not included in supporting 
area 

Figure 65.2.2.b 

65.2.3. Transmission of tensile forces 

Tensile forces generated by the axial force and bending moments should be 
resisted by the anchor bolts. It is recommended that the bolts be screw to the plate. A 
washer shall always be placed between the nut and the base plate. 

Once the structure is assembled and the nuts tightened, they shall be 
immobilised, preferably using a lock nut or peening the thread. Weld spots may not be 
used for this task. 

The tensile resistance of an anchor bolt shall be determined in accordance with 
the provisions of Section 58.7.The shear resistance of the bolt shall be taken as the 
lowest value obtained from section 65.2.1.If the bolts are welded to the plate, the 
material in them must be weldable and the join weld shall be full strength (Figure 
65.2.3.a).In this case, suitable measures shall be taken to prevent the occurrence of 
lamellar tearing. 
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Figure 65.2.3.a 

Bolts should not be welded to the base plates using fillet weld on a foot formed at 
the end of the same to be welded to the plate (Figure 65.2.3.b). 

Figure 65.2.3.b Detailed to be avoided when welding the bolt to the base plate 

Bolts may be preloaded if they are of suitable quality. The preloading force shall 
be determined by the Designer, and shall not exceed the value N0 given in section 
58.8.This solution is recommended for structures subject to dynamic effects, impacts or 
fatigue loads. 

The transfer of the tensile force of an anchor bolt to the concrete may be done by 
adhesion, in which case the bolt shall end in a normal foot and its length shall be as 
provided for in the EHE-08 Code, or to an end plate, attached to the bolt by means of a 
nut and lock nut. 

In this case, the following should be true: 

TSd  f jApl 

where TEd is the tensile force in the bolt, Apl is the area of the plate and fj is the 
value of the pressure against the concrete. In this calculation, the depth of the plate L 
shall be used instead of the thickness of the shoe h. 

Transmission to the concrete shall be made by means of shear stresses in the 
side surface of a truncated cone or pyramid, depending on whether the plate is circular 
or square, extending from the plate to the surface of the footing with a half-angle at the 
vertex of 10°. 

These shear stresses shall be checked in accordance with the provisions of the 
EHE Code. 

65.2.4. Transmission of bending forces 

The resistance of the base plate and the anchor bolts shall be checked in 
accordance with the provisions of section 61.2, treating it as a joint with endplate. In 
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this case, to define the compression surface, the distance c (see Figure 65.2.2.b) 
defined above shall be taken instead of k in the zone of the flange in compression, and 
the distance c on both sides of the zone of the web in compression. 

65.2.5. Base plate stiffness 

Bases shall be deemed stiff in the following cases: 

For non-translational portal frames, if any of the following three conditions are 
satisfied: 

0  0,5 

7(2 1)EI
0,5  0  3,93 y S j  0 C 

LC 

0  3,93 and S j  
48EIC 


LC 


30EICIn any other case if S j 
 
LC
 

In the above expressions, λ0 is the slenderness of the column assuming it is 
bihinged, Ic and Lc are its corresponding second moment of area and length, and Sj the 
rotation stiffness corresponding to the base plate. 

The rotation stiffness of the base plate is given by the following expression: 

E2 
zS  ,j ,ini 

 
1 

k 

where ki is the stiffness coefficient for basic component (detailed below) and z is 
the lever arm (see Figure 65.2.2.a). 

The bending stiffness of the plate is given by: 

bef t
3 

Kp  0,85 3m 

where bef is the effective width as per Section 61.2 (establishing an analogy 
between plate and the endplate joints), t is the thickness of the base plate and m the 
corresponding distance between the bolt and the corresponding plastic hinge formation 
line. 

The stiffness of each bolt row is: 

Askat 1,6
 
Lb
 

where As is the resistance area of the bolt and Lb its length. 

Leverage may be generated in the plate if: 

3 A8,8m s
Lb 
 
bef t

3
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In this case, the factor 0.425 shall be taken instead of 0.85 for the bending 
stiffness of the plate, and the value 2.0 shall be taken instead of 1.6 for the stiffness of 
the bolt row. 

The stiffness provided by the concrete and base plate in compression shall be 
calculated as: 

E b C ef ef
kc  

1,275 E 

where bef and ef are the effective dimensions of the concrete area beneath the 
compressed flange of the column (Figure 65.2.2.b). 

65.3. Other methods for connecting columns to foundations 

A column may be connected to the foundations by embedding a certain length of 
the column into the foundations (Figure 65.3). 

Figure 65.3 

In this case, the axial force (tension or compression) is transmitted by means of 
connectors arranged in the shaft of the column. In the concrete, the necessary 
reinforcements shall be installed to transmit it from the grout to the concrete itself. 

The shear force and bending moments shall be transmitted by means of pairs of 
forces that compress the shaft to the foundations, chosen such that: 

- At no point shall the pressure of the shaft to the concrete be greater 
than its design resistance, fcd. 

- The shaft can resist the stresses generated by such forces. 

Section 66. Support members 

66.1. Neoprene support devices 

Neoprene support devices are used to create a non-slip-resistant nominally 
pinned connection at the end of the beam, enabling simultaneous movement in two 
directions and the absorption of vertical and horizontal loads. 
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The support may be made of neoprene plates only (unreinforced neoprene), 
although it is advisable to insert steel plates between the neoprene plates (reinforced 
neoprene) to restrain lateral expansion and reduce vertical settling of the support. 

The dimensions of the neoprene support should comply with the following 
conditions: 

Stability: the following condition must be satisfied to prevent buckling: 

en ≤ 0.2 b 

where en is the total thickness of the neoprene (excluding the thickness of the 
steel plates) and b is the smaller horizontal dimension of the support. 

Shape: The following condition must be satisfied to limit vertical shortening: 

ab
Rectangular shape:  12 

t(a  b) 

Strip shape: 
a 
 12 

t 

d
Circular shape:  12 

t 

where a is the larger horizontal dimension of the support, d is the diameter of the 
circular support and t is the thickness of each of the layers of neoprene. 

Contact pressure: The horizontal dimensions of the support should satisfy the 
following: 

N Nmax min ab 
 n 3 

where: 

a and b shall be provided in mm, 

Nmax and Nmin are the maximum and minimum vertical reactions in N, 

σn is the admissible compression stress of the neoprene in N/mm2.Unless data is 
provided by the Manufacturer, the following values may be taken: 
σn= 3 N/mm2 for unreinforced neoprene and σn = 5 N/mm2 for reinforced 
neoprene. 

NminThe condition ab  
3 need not be observed if the neoprene support is fitted 

into one or both of the parts to be joined. 

Angular distortion: Angular distortion γ should satisfy the following condition: 

   0,5 
en 

where δ is the relative movement between the upper surface and lower surface of 
the support. 

As a result, the horizontal force H that the support can transmit shall be limited by 
the following expression: 

Gab
 H   0,5Gab 

en 

TITLE 5 page 95 



 

 
 

  
 

 

 

 
 
 

 

 

 

 

 

 

 
 

 

  
 

 

 

	

	

	

	

	

	


 


 



 

 

	




 
 
 

 

where G is the transverse modulus of elasticity of the neoprene. If the Manufacturer 
provides no data, 1 N/mm2 may be taken for long-term loads and 2 N/mm2 for 
instantaneous loads. 

66.2. Metal support devices 

Metal support devices are used to create a slip-resistant or non-slip-resistant 
nominally pinned connection at the end of the beam. 

When transmitting compression reactions only and if the support device 
comprises a pair of plates, one connected to the structure and the other to the 
foundations, the following must be taken into account when dimensioning: 

- The plates should be rectangular, with a ratio of dimensions between 1:1 and 
2:3. 

- Their centre shall coincide with the crossing point of the reaction FEd. 

- The effect of friction between plates shall be taken into account, for which it 
shall be assumed that μ= 0.3. 

- If it is possible that the reaction could be a tensile reaction or, even if it is a 
compression reaction, its value is small, suitable devices shall be installed to 
prevent the separation of the plates. Such devices shall enable the movement 
of the plates in their contact plane if this is provided for in the part binding 
conditions. 

- The contact pressure of the plate to the concrete shall not exceed the value fj 
defined in section 65.2.2. 

- The contact pressure between metal plates shall not exceed 0.80fy. 

If the support comprises a sphere resting between two flat plates, the reaction 
FEd,ser in serviceability limit state, expressed in kN, shall satisfy the following: 

2 

FSd ,ser  1,64 f y 
3

 

r 

E
 



 

where fy is the lower yield strength of the sphere or of the plates, in N/mm2, r is 
the radius of the sphere in mm and E the modulus of elasticity of the steel in N/mm2. 

If the support comprises a cylinder of length  resting between two flat plates, the 
reaction FEd,ser in serviceability limit state, expressed in kN, shall satisfy the following: 

r2FSd ,ser  0,062 f y E 

where fy is the lower yield strength of the cylinder or of the plates, in N/mm2, and r 
is the radius of the cylinder in mm. 

In the expressions above, if the yield strength of the steel is equal to or greater 
than 500 N/mm2, it shall take a reduced value fy,red = 0.12fy + 440 (in N/mm2). If the 
yield strength is not known, but the Vickers hardness HV as per ISO 4964 is known, 
the following value may be taken fy,red = 0,273HV + 440 (in N/mm2). 

For cylindrical surfaces that have undergone a surface hardening treatment or 
had a special coating applied, the yield strength or the hardness of the surface layer 
may be used if its thickness is greater than: 
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f y HV
25r or 55r

E E 

respectively. In these expressions, r should be in mm and fy and E in N/mm2. 

In general, it shall not be necessary to check the ultimate limit state of spherical 
or cylindrical joints. 

Joints and rolls are commonly made of high-strength Martensitic chrome steels, 
quenched and tempered, in accordance with UNE-EN 10088-1.The mandatory 
certificate to be provided by the Manufacturer, in addition to the mechanical 
characteristics, shall give details of the manufacturing method, heat treatment, 
hardness and, if agreed, the toughness of the material. 

Brittle fracture safety shall be checked if the steel used has an yield strength 
greater than 1000 N/mm2 or an HV hardness of more than 450. 
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CHAPTER XV. STRUCTURAL MEMBERS 


Section 67. Beams 

This section includes verification of any prismatic member that satisfies the ratio 
L/h > 5 and is subject to axial forces, simple bending or torsion or any combination of 
these. 

This section covers full-web beams and light-web beams. Truss beams are 
covered in Section 72 on triangular structures. 

67.1. Full-web beams 

Full-web beams are rolled or welded beams with an opaque web whose cross
section is uniform or variable lengthways. 

Full-web beams should undergo the relevant checks in serviceability limit state 
(Chapter X) and ultimate limit state (Chapter IX). 

67.2. Light-web beams 

Light-web beams are beams whose web has several equal voids evenly arranged 
along it. 

67.2.1. Types of light-web beams 

The following types of light-web beams may be used: 

a) Hollow-core beams (hexagonal or circular cells) 
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b) Elevated hollow-core beams (octagonal cells) 

67.2.1.1. Ultimate limit state checks 

The lightest section should be checked in bending and shear, as should the 
section in which the interaction of shear force and bending moment is least favourable, 
causing the maximum longitudinal direct stress. Furthermore, the joint area between 
both parts of the hollow-core beam must be able to resist the shear force to which it is 
subjected. 

67.2.1.2. Serviceability limit state checks 

To check the deformation limit state, both deflection components caused by 
bending fM and shear fV should be taken into account. 

A conservative value for the bending deflection component fM may be obtained in 
a simplified manner by taking the value of the inertia of the section in the lightest zone, 
where the inertia is lowest Imin, as the inertia of the section. 

An average value of the inertia IM of both section types (most lightened and least 
lightened) may also be used to calculate said deflection fM. 

Shear deflection fV is obtained using the equivalent shear area of section Ae. 

Section 68. Latticestructures 

Lattices are flat structures formed by members arranged in two directions 
perpendicular to one another and loaded perpendicularly to the middle plane of the 
structure. 

There may be a predominant direction, in which the main beams are laid, in 
which case the structural members arranged perpendicular to this (secondary beams) 
are used to distribute loads transversely. Forces shall be calculated as with a grid. 

A simplified calculation of forces may be used for secondary beams, using a 
transversal distribution method for the loads applied in order to obtain the loads to be 
taken into account for the calculation and verification of the main beams. 

Once the forces in the beams that make up the lattice have been determined, 
they shall be checked for the corresponding ultimate and serviceability limit state, in 
accordance with the provisions of Section 67. 
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Section 69. Floor slabs 

Steel floor slabs are floor slabs whose resistance members are made of steel. 

Generally, these floor slabs are unidirectional floor slabs formed by steel joists 
with non-load-bearing ceramic or concrete beam fill members. 

Joists shall be checked like steel beams, in consideration of Section 67. 

In the case of industrial building floor slabs that are required to withstand large 
loads, the beam fill may be made of steel parts, forming a flat lattice in which the 
beams can provide similar dimensions in both directions. Details of checks are given in 
Section 68. 

In the case of inclined roof slabs with joists (purlins) supported on main beams or 
trusses, it should be noted that if the web of the purlin is not in a vertical plane, bending 
inclination occurs in the plane perpendicular to the web, the extent of which depends 
on the of the cover. 

In any case, the purlins shall be checked in accordance with the provisions of 
Section 67. 

Section 70. Columns 

This section sets out the checks to be carried out on structural steel members 
subjected predominantly to axial compression forces. The columns may be simple or 
combined. 

Simple columns are columns that are made up of a single section or by two or 
more main sections in contact or spliced to each other using steel shells at a distance s 
between joins, measured from centre to centre, ensuring that s ≤ 15imin, where imin is 
the minimum radius of gyration of one of the sections that make up the column in 
question or, where applicable, the chord, in the most generic manner. Under these 
conditions, for practical purposes, these columns may be checked as if they were a 
column made up of a single section. 

Combined columns are columns made up by two or more single sections spliced 
together. Joining members may be batten plates or trusses. Combined columns shall 
be checked in consideration of their shear deformability, in accordance with the 
provisions of 70.5 and Section 71. 

This section covers: 

- Columns of uniform section. 

- Columns of variable section. 

- Column subjected to continuous variable axial stress. 

- Columns subjected to concentrated loads along their directrix. 

- Columns of built-up section. 
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70.1. Columns of uniform section 

This section covers columns whose cross-section is constant throughout its 
directrix, regardless of its shape. 

The cross-sections may be open or closed and, depending on their symmetrical 
characteristics, they may have double symmetry, single symmetry or point symmetry. 

The provisions of section 35.1 shall be taken into account when checking the 
column in compression. 

In the presence of compression and bending forces, the provisions of sections 
35.2 and 35.3 shall be taken into account. 

If the centre of gravity and the shear centre of the section are not the same, the 
possibility of buckling by bending and torsion must be taken into account, and the 
provisions of Section 35.1.4 shall apply. 

If the shear centre is the same as the centre of gravity, and the cross-section has 
low torsional stiffness, the possibility of buckling by pure torsion must be taken into 
account, if the polar radius of gyration is greater than the radius of gyration in torsion, in 
which case the provisions of 35.1.4 shall apply. 

70.2. Columns of variable section 

This section covers columns made up of a single section or by several sections 
or plates spliced together continuously, whose cross-section varies slightly along the 
directrix. 

These columns may be checked for buckling by determining the value of an 
equivalent radius of gyration, obtained as a function of the variation in inertia and the 
way the cross-section varies along the directrix. 

70.3. Column subjected to continuous variable axial force  

In the case of columns of constant section subject to a variable axial force along 
the directrix, a buckling length may be used to check buckling such that its ratio β is 
determined as a function of the maximum and minimum values of the axial force and 
the way said axial force varies along the directrix. 

70.4. Columns subjected to concentrated loads along their directrix 

Columns of constant section with point loads applied along the directrix may be 
checked for buckling by using a buckling ratio β that is a function of the relative 
application position of the concentrated load or loads and the binding conditions of the 
column. 

In the typical case of application of n point loads along the directrix, the buckling 
ratio β may be obtained using the following expression: 

  
n 

ii 
1 

2 

in which: 
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Pii  n 

Pi 
1 

The ratio βi is the buckling ratio corresponding to the load Pi, as if it were acting 
independently.  

70.5. Columns of combined section 

Columns of combined section are columns made up of two or more sections, 
spliced together by means of sections or plates to ensure the combined resistive effort 
of the main sections. 

The joins may be made by means of Lattices with uprights and diagonals, 
forming a triangular combined column. 

If the joins are made only across uprights and these are plates, this forms a 
battened combined column. 

If the members of the join are arranged with the gap between them of less than 
15imin, where imin is the minimum radius of gyration of one of the main sections, the 
column is considered, for checking purposes, to be made up of a single section, with 
the mechanical characteristics of the group of main sections. 

The provisions of Section 71 shall be used to check combined columns. 

Section 71. Combined members 

71.1. General 

Combined members are structural members (columns, braces, etc.) made up of 
two or more single sections, parallel to the directrix, joined discontinuously and 
modularly by means of a lattice structure (diagonals or brace members) or by means of 
members perpendicular to the directrix (batten plates) with a view to ensuring a 
combined resistive effort from all of the sections that make up the built-up structural 
member. 

To ensure the transmission of forces, batten plates should also be placed at the 
ends of the combined member and joined to its end plates (base and head). 

The joint members of the main sections, whether diagonals or uprights, or batten 
plates, shall divide the member into equal portions of length a, where the number of 
portions in a single structural member is at least three. 

The length a of each portion into which the member is divided must not be larger 
than 50 imin, where imin is the minimum radius of gyration of one of the main sections (or 
main chords). 

The resistance of joint members, batten plates and/or brace members must be 
checked for the stresses indicated in 71.2.3 
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Joint members, batten plates and/or brace members are joined to the main 
sections using bolts or welding, and the resistance of these joints must be checked for 
the stresses indicated in 71.2.3 

The joint member systems of the lattice on opposite sides of a combined member 
with two planes of triangulation should have the same layout, i.e. one system must be 
the shadow of the other. 

If they are used as diagonal joint members, the angle that they form with the main 
sections shall typically be between 30° and 60°. 

If parallel batten plate planes are used, they must be arranged facing (one batten 
plate plane must be the shadow of the other). 

Furthermore, if loads are applied to intermediate points of the member in 
question, batten plates shall also be placed in these points. 

The checks set out in the sections below are based on the assumption that the 
combined member has articulated ends that prevent lateral movement. Furthermore, 
the centre of the combined member shall be considered to have an imperfection of 
value e0 = L/500. 

71.2. Checking built-up members for buckling 

71.2.1. General 

When checking built-up members in compression, a distinction shall be made 
between triangular built-up members and battened built-up members. 

Moreover, the existence of two possible buckling planes shall be taken into 
account, requiring different checks. The material axis of inertia is the main axis that 
passes through the centre of mass of the portions of all of the sections that make up 
the member. Principal axes that do not satisfy this condition are called free axes of 
inertia. 

71.2.2. Buckling checks in a plane perpendicular to the material axis of 
inertia 

When a built-up member is checked for buckling in a plane perpendicular to the 
material axis of inertia (buckling by bending around the material axis of inertia), the 
check shall be carried out as if it were a simple member with the cross-section 
characteristics corresponding to the built-up member. 

71.2.3. Buckling checks in a plane perpendicular to the free axis of inertia 

The single section portion (usually the chord) between two consecutive joins 
must be checked assuming a design axial force Ncor,Ed the value of which depends on 
the join type. 

The design value of the axial compression force on the chord Ncor,Ed in the case 
of two identical chords is: 

M Ed h AcorN  0,5N  0 
cor , Ed Ed 2Ief 
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where MEd is the design value of the maximum bending moment in the centre of 
the built-up member, taking account of second-order effects. 

N e  M Ed 0 EdM Ed  
N NEd Ed1 
Ncr Sv 

in which: 

 2EIefNcr= 3 is the effective elastic critical axial force of the built-up member. 
L 

NEd	 is the design value of compression axial force in the middle of the 
built-up member. 

 is the design value of the maximum bending moment to the builtM Ed 

up member, without second-order effects. 

h0	 is the distance between the centroids of the chords of the built-up 
member. 

Acor	 is the area of the cross-section of a chord. 

e0	 is the geometric imperfection taken as L/500. 

Ief	 is the effective inertia of the built-up member, the value of which 
can be obtained from section 71.2.3.1 (triangular members) and 
section 71.2.3.2 (battened members) below. 

Sv	 is the shear stiffness of the lacing used for the join or battened 
panel; said stiffness depends on the type of join used and its 
value can be seen in section 71.2.3.1 (triangular members) and 
section 71.2.3.2 (battened members) . 

The join members of the triangulations (triangulated members) or the battened 
panels (determination of bending moments and shear forces in the chords and batten 
plates of the battened members) must be checked for the end panel, assuming 
application of a shear force with the following value: 

M EdVEd   
L 

where MEd and L have the same meaning as in previous paragraphs. 

For chords subject to compression, the design value of the axial compression 
force Ncor,Ed obtained as explained above, must demonstrate that: 

Ncor,Ed ≤ Nb,Rd 

where Nb,Rd is the design buckling resistance of the compression  chord, using 
the buckling length given in Figure 71.2.3.1.b. 
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71.2.3.1. Laced members 

Figure 71.2.3.1.a sets out the shear stiffness values Sv for specific join 
geometries typically used in laced members. If the joined type used is not shown, the 
value of Sv may be obtained on the basis that it is the shear stiffness of the join or the 
shear force required to produce a unit shear deformation, which is the same thing. 

Triangulation 
system 

n is the number of planes of  lacing  

Ad and Av refers to   the cross-sectional area of the bracings respectively. 


Figure 71.2.3.1.aShear stiffness Sv of lacing of built-up members 


The effective inertia Ief of the laced member may be taken as: 


2 AIef = 0.5 h0 cor 

To determine the design buckling resistance Nb,Rd of the compressed chord, the 
buckling length given in Figure 71.2.3.1.b shall be used. 
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Figure 71.2.3.1.b Lacing on four sides and buckling length of chords Lcor 

71.2.3.2. Battened members 

Chords and batten plates, and the joints between them and the chords, should be 
checked under the stresses induced in the end panel and in span centre of the 
battened member. For the purpose of simplification, the maximum design axial force of 
the chord Ncor,Ed may be combined simultaneously with the maximum shear force VEd 

(see Figure 71.2.3.2). 
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Figure 71.2.3.2 Moments and forces in an end panel of a battened built-up  

The buckling length of the chord is the distance a between batten plates. 

The shear stiffness of a battened built-up member should be taken as follow. 
22 EIcor24EI


SV 
 
cor 
2 



 

a2Icor h02a 
nI p a 

 


1 

The effective second moment of area of battened built-up member may be taken 
as follow: 

Ief=0.5 h0
2 Acor+2 μIcor 
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in which: 

Icor is in plane second moment of area of one chord. 

Ip is in plane second moment of area of one of batten. 

n is the number of planes of lacing. 

μ is the efficiency factor from Table 71.2.3.2. 

Table 71.2.3.2. Efficiency factor μ 

Criterion Efficiency factor μ 

λ ≥ 150 0 

75<λ< 150 
μ=2

75
  

λ ≤ 75 1.0 

where 
0i 

L
 ; i0= 

corA 

I 

2 
1 ; I1=0.5 corcor Ih A 22 

0  

Section 72. Triangular structures 

72.1. General 

Triangular structures, commonly known as lattices, are frequently used in steel 
construction, both as lightweight members (lightweight lattices) for covering 
warehouses or spaces with medium or large spans, and as heavier members, such as 
in bridges. If the triangular structure is gabled and is normally used to column the cover 
of any sort of warehouse, this structure is known as a truss. If the laced structure has 
parallel upper and lower chords, the structure is referred to as triangular girder or lattice 
girder; this type of structure is used in floor slabs in medium-or large-span buildings, in 
cover warehouses and in bridges. 

The geometry of lacing may be very varied, as may the different profiles or 
sections of members that constitute the bars of the structure, which may be flat or 
spatial. 

Depending on the type of join between nodes of triangular structures, they may 
be classified as hinged-node structures or stiff-node structures. This classification may 
influence the design process to be followed to determine stresses. 

The scope of this section may be very wide, although the importance of 
compression members in the design and the checking of this type of structure is 
highlighted. 

72.1.1. Determination of stresses 

Stiff-node structures subjected to predominantly static loads in which the 
triangulation is regular and the angles formed between members are not very acute (α 
≤ 30°) may be deemed hinged at their ends for the purpose of determining stresses, 
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assuming that the potential stresses induced by the stiffness of the nodes are 
negligible. 

The above simplification shall not apply if there are highly stiff members or the 
structure is statically indeterminate. In this case, it shall be necessary to carry out a 
rigorous calculation to determine the stresses in the members. 

72.2. Checking members 

The procedure provided for any prismatic member, as specified in Chapter IX, 
shall be used to check the members of lacing. 

The buckling lengths given in the sections below shall be used to check members 
subjected to compression or to compression and bending. 

72.3. Buckling length of members in the plane of the structure 

For chord members generally the buckling length of braces may be taken as their 
real length. 

If the joints between uprights and diagonals to the chords of the truss or girder 
form a suitable fixing, i.e. they exercise a given rotation restraint in the plane of the 
structure, the buckling length of such brace members may be taken as 0.9 L, where L 
is the real length between their nodes. This may not apply to diagonals or uprights 
dimensioned with angle. 

A joint is deemed to have a suitable abutment if it is welded or, if it is bolted, if at 
least two bolts are used. 

Performing a rigorous check on brace members in compression that are 
dimensioned with angle and held by a single face to the main bars or members (for 
example: lattice angle in built-up members held to the rounds) is complicated. The 
geometry of the angle may cause buckling by bending and torsion, and they are 
subjected to eccentric compression. Furthermore, it is not easy to precisely determine 
the buckling length to be taken into consideration. These effects may be taken into 
account in a simplified manner assuming an effective slenderness ratio λef with the 
following value: 

For buckling about v-v axis: 

λef,v = 0.35 + 0.70 λv 

For buckling about y-y,  axis parallel to the flanges: 

λef,y = 0.40 + 0.70 λy 

For buckling about z-z axis: 

λef,z = 0.40 + 0.70 λz 

72.4. Buckling length of members out-of-plane members 

A distinction should be made depending on whether there is transverse bracing 
perpendicular to the plane of the structure of the compressed chord. 
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72.4.1. Compressed chord with transverse bracing 

When checking the compressed chord, the buckling length shall be the distance 
between two consecutive bracings. 

If there is an intermediate node between bracings, such that the portion of the 
compressed chord is subject to two compression forces, one in each portion, N1 and 
N2, where N1> N2, the buckling length shall be obtained by multiplying the distance 
between bracings by a coefficient β with the following value: 

0.75 + 0.25 N2 / N1 

If there are various intermediate nodes between bracings, such that along the 
portion of the compressed chord in question there is a variation of the axial force 
applied, the buckling length may be calculated in accordance with section 70.4 
(Columns subjected to concentrated loads along their directrix). 

72.4.2. Compressed chord without transverse bracing 

If there is no bracing on the compressed chord, the buckling length may be taken 
as the length of the entire chord. As there will be intermediate nodes causing a 
variation in the axial force along the chord, the buckling length may be estimated in 
consideration of the provisions of section 70.4. 

For a more precise estimation of the buckling length of the compressed chord, 
the transversal stiffness of the brace members and their joint conditions must be taken 
into account. 

72.4.3 Brace members 

Members may be calculated with a buckling length equal to the real length of the 
part. 

In the case of lattice uprights with K triangulation in which both portions of the 
upright are subject to axial forces N1 and N2, where N1 > N2, the upright shall be 
checked for buckling under the maximum axial compression force N1, assuming a 
buckling coefficient β with the following value: 

0.75 + 0.25 N2 / N1 ≥ 0.5 

If a diagonal of length d subject to an axial compression force N crosses another 
diagonal of length dt subject to an axial tension force Nt, being considered the crossing 
as a joint conditions, it shall be checked for buckling assuming the following coefficient 
β: 

Nt  d1  0,75  0,5 
N  dt 

72.5. Joints 

Joints of members or parts in a node may be welded or bolted. Joints may be butt 
joints or made using blocks gusset plates. 
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In the case of spatial triangular structures of hollow section (space frame) the 
joints may be made using special parts to which the members in the node are bolted. 

The joints shall be checked in accordance with the provisions of Chapter XIV. In 
particular, the provisions of Section 64 and Annex 9, as well as the provisions of 
Chapter XI on checking tubular joints for fatigue, shall apply when checking joints 
between members of tubular section. 

Section 73. Profiled steel sheets 

73.1. General 

This section is intended to set out specific rules for designing and calculating 
profiles steel sheets made up of cold-formed plates and profiles. On account of their 
reduced thickness and preparation, the characteristics of this type of part are different 
to hot-rolled plates and profiles such as: 

a) Partial modification of the yield strength. 

b) Greater influence of instability phenomena. 

c) Greater influence of dimensional tolerances. 

d) Potential variation of transverse dimensions. 

e) Specific joining methods. 

f) Frequent use of test-based design methods. 

g) Greater influence of corrosion protection. 

h) Effect of provisional maintenance and construction loads. 

This section covers the most important aspects, making the appropriate 
references to the other sections of this Code. 

This section does not apply to cold-formed hollow sections manufactured in 
accordance with product standard UNE-EN 10219, which are covered by the remaining 
sections of this Code. 

73.2. Scope 

This section applies to plates and sections cold formed from galvanised and 
ungalvanised steel and manufactured in accordance with the standards given in the 
attached lists, which specify the basic yield strength and the ultimate tensile strength in 
N/mm2, which must be used in calculations. 
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UNE-EN 10025-2 Hot-rolled products of structural steels. Part 2: Technical 
delivery conditions for non-alloy structural steels 

S 235 235 360 

S 275 275 430 

S 355 355 490 

UNE-EN 10025-3 Hot-rolled products of structural steels. Part 3: 
Normalized/normalized rolled weldable fine-grain structural steels. 

S 275 N / NL 275 370 

S 355 N / NL 355 470 

S 420 N / NL 420 520 

S 460 N / NL 460 540 

UNE-EN 10025-4 Hot-rolled products of structural steels. Part 4: 
Thermomechanical rolled weldable fine-grain structural steels 

S 275 M / ML 275 360 

S 355 M / ML 355 450 

S 420 M / ML 420 500 

S 460 M / ML 460 530 

UNE-EN 10346. Continuously hot-dip coated steel flat products. 

S 220 GD+Z 220 300 

S 250 GD+Z 250 330 

S 280 GD+Z 280 360 

S 320 GD+Z 320 390 

S 350 GD+Z 350 420 

UNE-EN 10149-2. Hot-rolled flat products made of high yield strength steels for 
cold forming. Part 2: Thermomechanically rolled steels. 

S 315 MC 315 390 

S 355 MC 355 430 

S 420 MC 420 480 

S 460 MC 460 520 
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UNE-EN 10149-3. Hot-rolled flat products made of high yield strength steels for 
cold forming. Part 3: Normalized or normalized rolled steels. 

S 260 NC 260 370 

S 315 NC 315 430 

S 355 NC 355 470 

S 420 NC 420 530 

UNE-EN 10268. Cold-rolled steel flat products with high yield strength for cold 
forming. 

HC 260 LA 240 340 

HC 300 LA 280 370 

HC 340 LA 320 400 

HC 380 LA 360 430 

HC 420 LA 400 460 

UNE-EN 10346. Continuously hot-dip zinc coated low carbon steels strip and 
sheet for cold forming. 

HX 260 LAD 265 350 

HX 300 LAD 300 380 

HX 340 LAD 340 410 

HX 380 LAD 380 440 

HX 420 LAD 420 470 

UNE-EN 10346. Continuously hot-dip zinc-aluminium (ZA) coated steel strip and 
sheet. Technical delivery conditions. 

S 220 GD+ZA 220 300 

S 250 GD+ZA 250 330 

S 280 GD+ZA 280 360 

S 320 GD+ZA 320 390 

S 350 GD+ZA 350 420 
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UNE-EN 10346. Continuously hot-dip zinc coated low carbon steels strip and 
sheet for cold forming. 

DX 51 D+Z 140 270 

DX 52 D+Z 140 270 

DX 53 D+Z 140 270 

If steel with an ultimate tensile strength greater than 550 N/mm2 is used, the 
resistance and ductility of the joints must be demonstrated by testing. 

The application limits in terms of design thicknesses are determined by the range 
used in the tests providing reliable results. Unless a design based on this method is 
used, the limit thicknesses shall be 0.45 mm and 15 mm. 

A different thickness limitation may be imposed depending on the joining 
methods used. 

73.3. Design thickness 

The design thickness should consider the significant influence that may be 
exerted by the protective coating and the delivery tolerances. If this is equal to or less 
than 5 %, the design thickness shall be obtained by deducting the thickness of the zinc 
coating tmc from the nominal thickness only. 

tcor=tnom-tmc 

If the thickness tolerance is greater than 5 %, the above value must be corrected. 

tcor=(tnom-tmc)(100-tol)/95 

73.4. Modification of yield strength 

Due to the process of cold deformation, in the corners and folds, there is an 
increase of the mechanical characteristics of the steel. This advantage may be used in 
some cases using an average yield strength fya: 

f ya  f yb  ( fu  f yb )knt 2 / Ag 

with the upper limit: 

f ya  ( fu  f yb ) / 2 

in which: 

Ag is the gross area of the section. 

k is the experimental coefficient, 5 for roll forming and 7 for other folding 
methods. 


n is the number of folds in the section of 90°. 


TITLE 5 page 114 



 

  

 
 

 
 

  
 

 

 

 

 

 
 

 

  
 

	

	

	

	

	

	

	

	

	

	

The average yield strength fya may be used to check the sections in tension. 
When checking for concentrated loads, buckling and local buckling by shear, the basic 
yield strength fya must be used, and it must also be used in formulas relating to the 
interaction forces. 

If the material is subjected to subsequent annealing or a heat treatment in which 
the temperature exceeds 580 °C for more than one hour, the basic yield strength fyb 

must be used. 

73.5. Terms and dimensions 

The parts are of uniform section formed by flat members and small-radius curved 
fillets. The description considers the stability offered by a member in compression 
along the axis of the part: 

a) 	 Unstiffened member: flat member joined on one edge only to another flat 
member. 

b) 	 Stiffened member: Flat member joined on both edges to other members or 
stiffeners. 

c) 	 Multi-stiffened member: Stiffened member that also has intermediate 
stiffeners. 

d) 	 Sub-member: portion of a multi-stiffened member between stiffeners or 
edges. 

To increase the capacity of members in compression, intermediate and edge 
longitudinal stiffeners are installed to increase the critical local buckling stress. These 
stiffeners may be straight or lipped, or may be made up of several folds. This section 
does not cover transverse stiffeners. 

Section characteristics (area, second moments of area, radius of gyration, etc.) 
may be determined using conventional material resistance methods. These 
characteristics may be obtained more simply by using the linear method, in which the 
material of the section is deemed concentrated along the centreline of the section such 
that all of the members are replaced by straight or curved members, introducing the 
design thickness once the calculation corresponding to this centreline has been made. 
In this case, the inertia of flat members in relation to the axis parallel to itself shall be 
disregarded. This method makes it possible to precisely determine the length of each 
flat member to calculate its non-dimensional slenderness and its consequent effective 
width. Curved members shall not be subject to reduction. 

If the internal radius of a fold is less than five times the thickness and one tenth of 
the length of the contiguous flat member, it may be assumed that the section is formed 
by square edges, without fillets, and the length of the flat members may be taken as 
the corresponding projection to the midpoints of the corners. This method is slightly 
conservative as it attributes a greater-than-real length to the flat members. 

The length of each flat member is referred to as the straight width bp. 
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Figure 73.5 Straight width bp 

73.6. Maximum width to thickness ratios 

Application of the expressions in this section is limited to the width to thickness 
ratios shown in the attached figure, which shows the scope of the tests on which the 
calculation formulas are based. 

b/t≤50 

b/t≤60 

c/t≤50 

b/t≤90 

c/t≤60 

d/t≤50 

b/t≤500 

45°≤Φ≤90° 

Figure 73.6 Maximum width to thickness ratios for application of the calculation 
expressions of this section 
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Stiffeners must provide sufficient stiffness to prevent their own local buckling, 
which means limiting their free length. On the other hand, they must be larger than a 
minimum size in order to stiffen the contiguous member. The sizes of stiffners should 
be within the following ranges 0.2≤c/b≤0.6 

0.1≤d/b≤0.3 

73.7. Flange curling 

There is a tendency for members wide (in relation to depth) flanges subjected to 
bending to curve towards the neutral fibre. This distortion may be disregarded if its 
magnitude does not exceed 5 % of the depth. 

Figure 73.7 Flange curling (u) 


The following expression may be used to calculate curling:
 

 2b4 
a su  2 
2 2E t z 

where: 


bs is one half the distance between webs in box hat sections or, width in Z or C
 
sections. 

t is flange . 

z is the distance of flange under consideration from the neutral fibre. 

σa is the mean stress in the flange, calculated with gross area 

73.8. Non-uniform distribution of stresses in flanges 

The deformation restraint caused by shear stresses generated in the flanges of 
beams with low span/width ratios disturbs the uniform distribution of direct stresses in 
them. This phenomenon is described as “shear lag” in Section 21, which sets out the 
formulas used to evaluate its effects. 

In order to simplify incorporation of the stress increase in the case of 
concentrated or distributed loads, the effective flange width, in tension or in 
compression, is given in the table below: 
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Table 73.8 Effective width for shear lag 

L/ bs 30 25 20 18 16 14 12 10 8 6 

Reduction 1.00 0.96 0.91 0.89 0.86 0.82 0.78 0.73 0.67 0.55 

73.9. Direct stress local buckling 

73.9.1. Introduction 

The effect of compression stresses may reduce stiffness and resistance capacity 
by causing local buckling, both local and as section distortion. The effect of local 
buckling due to direct stresses may be taken into account by using the effective width 
in compressed flat members in accordance with the rules set out below. 

The performance of the flat members that make up a section is determined by the 
post-critical resistance, which involves a redistribution of direct stresses equivalent to a 
maximum uniform stress σcom,Ed applied to a effective width ρbp, the product of 
performance ρ and straight width bp. 

73.9.2. Sheet slenderness 

The use of effective widths determines certain new geometric characteristics that 
depend on the acting forces. Consequently, in this type of structure there is 
dependence between the stresses and the geometry if the magnitude of the 
compression stresses exceeds certain limits. 

To characterise a member, the relative sheet slenderness p , calculated for a 
compression stress equal to the yield strength fyb, which depends on its ideal critical 
local buckling stress σcr, is determined. 

2f yb bp 12(1 ) f yb bp f yb bp / tp   
2 

 1,052 
 cr t  Ek t Ek 28,4 k 

The local buckling coefficient kσ can be obtained from Tables 73.9.2.a and 73.9.2.b. 
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Table 73.9.2.a. Compressed inner panels. Effective width 

Distribution of stresses (positive compression) Effective width (bef) 

Ψ=1: 

bef=ρ b 
be1=0.5bef  be2=0.5bef 

1>ψ≥0: 

bef=ρ b 

be1= efbψ5 
2 


 be2=bef-be1 

ψ<0: 

bef=ρbc = ρ b /(1-ψ) 

be1=0.4bef  be2=0.6bef 

ψ=σ2 / σ1 1 1>Ψ>0 0 0>Ψ>-1 -1 -1>Ψ>-3 

Local buckling coefficient kσ 4.0 8.2/(1.05+Ψ) 7.81 7.81

6.29ψ+9.78
2ψ 

23.9 5.98(1-ψ)2 

Table 73.9.2.b. Compressed panels with one free edge. Effective width 

Distribution of stresses (positive compression) Effective width (bef) 

1>ψ≥0: 

bef =ρc 

ψ<0: 

bef=ρbc = ρc/(1-ψ) 

ψ=σ2 / σ1 1 0 -1 

Local buckling coefficient kσ 0.43 0.57 0.85 0.57-0.21ψ+0.07ψ2 

1>ψ≥0: 

bef =ρc 

ψ<0: 

bef =ρbc = ρc/(1-ψ) 

ψ=σ2 / σ1 1 1>ψ>0 0 0>ψ>-1 -1 

Local buckling coefficient kσ 0.43 0.578/(ψ+0,3 
4) 

1.70 1.7-5ψ+17.1ψ2 23.8 
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If the maximum stress σcom,Ed is less than fyb/γM0, the effective plate slenderness 
will be used: 

 com ,Ed  p ,red p f yb /  M 0 

For the serviceability state, where the maximum compression stress is σcom,Ed,ser, 
the following slenderness shall be used: 

 com ,Ed ,ser  p ,ser p f yb 

In these formulas, which make it possible to determine the local buckling 
coefficient and consequently the relative sheet slenderness (see section 20.7), the 
stress ratio ψ must be realistic, i.e. it must correspond to the definitive distribution of 
stresses occurring in the set of members that make up the section once the effective 
widths have been reduced. However, in flanges this ratio may be kept the same as in 
the initial section without reduction; iteration should be used in webs. 

73.9.3. Effective width 

In stiffened members, the ratio ρ in the most general case is as follows: 

For  p , red  0,5  0,085  0,055 ρ = 1.00 

For  p , red  0,5  0,085  0,055 

1  0,055(3  ) / p ,red (p  p ,red )   0,18 
p ,red (p  0,6) 

In unstiffened members: 

For  ≤0.748 ρ = 1.00p,red 

1 0,188 / p ,red (p  p ,red )For p,red >0.748    0,18 
p ,red (p  0,6) 

When determining geometric characteristics in serviceability limit state, the 
effective plate slenderness λp,red in these formulas shall be replaced by λp,ser. 

A reasonably conservative simplification involves calculating the geometric 
characteristics corresponding to axial and bending extreme cases with maximum stress 
equal to the yield strength fyb. This simplification may be used when checking ultimate 
limit state with axial-bending interaction. The following values are obtained: 

Aef, effective area calculated for uniform stress fyb by axial force. 

Wef, modulus calculated for the maximum compression stress fyb by bending. 
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The effect of changing the centroid, which can be obtained by determining Aef, 
should be considered, as in the typical sections indicated in the attached figures: 

Figure 73.9.3 Effective cross-section under compression. Variation of the position of 
the barycentric axis of the section 

73.10.Shear stress local buckling 

The effect of shear stress local buckling shall be taken into account by limiting the 
shear capacity of the webs of the sections by means of shear stress local buckling 
resistance fbv. 

This resistance is based on the simple post-critical method and does not require 
the presence of transverse stiffeners. The formula for the shear capacity of a web is: 

hw tfbvsenV b,Rd  M 0 

in which: 

hw is the web height  between the midlines end of the flanges , . 

φ is the slope of the  web to the flanges. 

t is the design thickness. 

The value of fbv depends on the shear slenderness of the web w  according to 
Table 73.10 below, in which the second column covers the existence of devices 
preventing local distortion, such as purlin brackets. 
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Table 73.10 hear l buckling strength f b,vVb,Rd 

Relative slenderness of web Web without stiffening 
at the column 

Web with stiffening at 
the column 

w ≤0.83 0.58 ƒyb 0.58 ƒyb 

0.83< w <1.40 0.48 fyb/ w 0.48 fyb/ w 

w ≥40.1 0.67 fyb/ 
2 

w 0.48 fyb/ w 

The relative shear slenderness of the web w  shall be obtained, from the 
following: 

For webs without longitudinal stiffening: 

S w 
f yb  0 ,346 w t E 

equivalent to the general expression, assuming that shear stress at the start of 
plastification is the same as the Von Mises criteria 0.58 fyb and that the shear local 
buckling coefficient kτ is 5.34, as there is no transverse stiffening, 

crybw f  /58,0 

For webs with longitudinal stiffening that satisfy the following condition 

Spw  0,346 
t E 

f yb ,: 

Sd 
5,34 f ybw  0,346 

t k E 

Figure 73.10 Geometric data for calculating relative slenderness of the web, with 
intermediate longitudinal stiffening. Longitudinally stiffened web. 
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1 

2,10   I S  3 

With k  5,34   
 t  Sd 
 

in which:
 

Is is the second moment of area of the individual longitudinal stiffener 

about the axis a-a (Figure 73.10. 


sd is the total developed m slant height of the web. 


sp is the slant height of the largest portion of the web. 


sw is the slant height of the web. 


73.11.Ultimate limit states 

73.11.1. Section resistance 

Profiled steel sheets may be checked using the applicable criteria in Chapter IX, 
covering interaction of stresses, with the geometric characteristics of the effective 
section for the maximum compression stress σcom,Ed. If the section is class 3 in bending 
in the plane corresponding to its principal axis, section 73.11.2 may be applied. The 
following stress limitation criteria may also be used: 

σto,Ed ≤fya/γM0 

f / 3
  ya 

tot ,Ed  M 0 

2 2 ya  3  1,1 
f 

tot ,Ed tot ,Ed  M 0 

in which: 

σtot,Ed is the sum of direct stresses. 

τtot,Ed is the sum of shear stresses. 

Both stresses are calculated in the least favourable axis in consideration of all of 
the stresses acting on the section in question: 

σtot,Ed = σN,Ed + σMy,Ed + σMz,Ed + σw,Ed 

τtot,Ed = τVy,Ed + τVz,Ed + τt,Ed + τw,Ed 

where: 

σN,Ed is the direct stress due to axial load, using the effective section. 

σMy,Ed is the direct stress due to bending My,Ed, using the effective section. 

σMz,Ed is the direct stress due to bending Mz,Ed, using the effective section. 
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σw,Ed is the direct warping-torsion stress, using the gross section. 

τVy,Ed is the shear stress due to shear Vy,Ed, using the gross section. 

τVz,Ed is the shear stress due to shear Vz,Ed, using the gross section. 

τt,Ed is the shear stress due to uniform torsion, with the gross section. 

τw,Ed is the shear stress due to warping torsion, with the gross section. 

Unless demonstrated by testing, the plastic redistribution of bending forces 
between different portions of apart shall not be admitted. 

If bending causes the start of plastification in the axis in tension before the axis in 
compression, the plastic reserve of the zone in tension may be used, without any 
limitation of the deformation ε, establishing equilibrium with the zone in compression, in 
which fyb is reached in the edge axis. 

Figure 73.11.1 Plastic distribution stresses in the portion in tension 

73.11.2. Resistance of class 3 sections 

In resistance checks, an improved bending moment resistance Mc,Rd may be used 
if the greater slenderness λ of the members of the section is such that the section 
belongs to a class 3,. 

Figure 73.11.2 bending moment resistance as function of slenderness 

Mc,Rd = fyb [Wel + (Wpl – Wel)4(1- /  )]/el M 0 
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In this expression,  is the slenderness of the member with the largest 
ratio, which should be calculated with the stress corresponding to fyb i.e. / el 


equivalent to  . 

p 

The slenderness el used for this interpolation is as follows: 

el = 0.5 + 0,25  0,055(3  ) 

for flat members with two stiffened edges. For cantilevered members with an 
unstiffened free edge, el =0.673.For members stiffened on their free edge or at an 

intermediate point, =0.65, including in this case the compressed flanges of purlins. el 

73.11.3. Buckling resistance 

The members of profiled steel sheets shall be checked for buckling using the 
corresponding formulas in Section 35, depending on their classification. For class 4 
sections, the geometric characteristics Aef and Wef, calculated in accordance with the 
above guidelines, shall be used. 

Given the reduced thickness of this type of section, torsional stability tends to be 
limited, on account of which torsional buckling and torsional-flexural buckling must be 
checked in sections particularly susceptible to this phenomenon, such as sections 
whose centroid is not the same as the shear centre, as shown in Figure 73.11.3. 

Figure 73.11.3 Monosymmetric cross sections susceptible to torsional-flexural 
buckling 

Section 73.11.4 sets out the buckling curves to be used, depending on the type 
of cross-section. The non-dimensional slenderness of the member shall be obtained in 
consideration of the lower elastic critical axial force Ncr. 

Aef f y  
Ncr 

in which: Ncr = min (Ncr,F , Ncr,T, Ncr,TF) 

where: 
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Ncr,F is the elastic critical axial buckling force by bending. 

Ncr,T is the elastic critical axial buckling force by torsion. 

Ncr,TF is the elastic critical axial buckling force by bending and torsion. 

 Provisions of sections 35.1.3 and 35.1.4 shall be used to obtain these values. 

In front or cover structures in which the purlins are attached to corrugated sheet 
using self tapping screws on one of their flanges, a continuous cross-bracing may be 
deemed to exist if the following is true: 

S ≤ Sch 

where S is the required shear stiffness of the purlin, which can be determined 
using the following expression: 

  2  2 2  70 
s   EI  GIt  EI 0,25h  h is purlin height w 2 z 2 2L L h  

and Sch is the stiffness  provided by the sheet of thickness t, the height of the rib hw, the 
gap between the purlins s and bfal is the total uninterrupted length of the skirt (i.e. a 
multiple of the gap s) which may be determined using the following expression: 

s
3Sch 1000 t3 (50 10 bfal ) (in N), (all dimensions in mm) 


hw
 

If the fixings are made in alternate ribs, the stiffness of the sheet shall be reduced 
by one fifth. 

Members subjected to flexural compression may be checked for instability using 
the following interaction formula: 

0,8 0,8 
 N   M 

Ed Ed      1   N M b, Rd   b,Rd  

73.11.4. Buckling curves 

Table 73.11.4 sets out the buckling curves to be used for the different types of 
section in question. 
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Table 73.11.4 Appropriate buckling curves for various types of cross-sections  

Type of cross-section Buckling about 
axis 

Buckling 
curve 

If fyb is used Any b 

If fya is used *) Any c 

y-y 

z-z 

a 

b 

Any b 

or other cross
section 

Any c 

*) The average yield strength fya should not be used unless 

Aef (effective area)=Ag (gross area) 
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73.12.Serviceability limit states 

73.12.1. General 

When checking serviceability limit state, the general requirements shall apply with 
the specific additional details set out in this section. 

The geometric properties of the effective reduced section shall be obtained in 
accordance with 73.9.3.Given that these vary with the stress from the value 
  0.673, the members consequently have variable geometry and inertia, and for p ,ser 

the purpose of simplicity a fictitious second moment of area obtained using the 
expression: 

 gI fic  I  (I  I ,ef )g  g 

where: 

Ig is second moment of area of the gross section. 

σg is the serviceability 
calculated with Ig. 

maximum compression stress in service 

σ is the maximum compression stress σcom,E,ser in the span. 

Ief,σ is second moment of area of the effective cross section corresponding 
to σ. 

73.12.2. Plastic deformation 

In structures that admit global analysis based on tests, a plastic redistribution 
may occur in serviceability state, which must be taken into account. For this purpose, 
the verification of internal columns of continuous beams with bending and reaction 
must not exceed 0.9 the design resistance value. 

73.12.3. Deflections 

The deflections in purlins and enclosures must be limited so as not to adversely 
affect the water tightness, insulation or appearance of the building. 

This shall be determined using the linear calculation with real geometric 
properties, which may be obtained using the simplification given in 73.12.1In 
continuous systems of purlins with overlaps or bushings, provision must be made for 
the increase in deformation due to slipping of bolts in joints. 

A value of l/200 of the span length may be used as the deflection limit for variable 
short-term overloading. 

73.13.Joints 

73.13.1. General 

This section covers joints in cold-formed steel beams and plates, galvanised or 
otherwise, as well as their splices and reciprocal connections to form built-up members. 
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The general principles are as set out in the sections of Chapter XIV, the scope 
being extended here in to thicknesses of less than 4 mm. 

If steel with an ultimate tensile strength greater than 550 N/mm2 is used, the 
resistance and ductility of the joints must be demonstrated by testing. 

The joining means covered in this Code, for which calculation formulas are 
provided, are mechanical fixings (self-tapping bolts and conventional bolts) and welding 
(spot, resistance or fusion, and electric arc).Other joining means may be used with test
based resistance capacity values complying with the requirements of EN 1993-1-3. 

Given that in this type of structure local stability is the key in the design, it must 
be guaranteed that the joints between members subjected to compression are made 
through the effective part of the section, taking into account potential local 
eccentricities. 

The resistance capacity of joints and splices in tension must be at least half that 
of the net section. In the case of seismic-resistant design, the ductility requirement 
requires it to be 20 % greater than that of the net section. 

In members subjected to compression, regardless of the magnitude of the force, 
the joint must be able to resist their buckling capacity. This ensures that, in the event of 
failure, the member will fail before the joint or splice. 

73.13.2. Forces in joints and splices 

A method equivalent to determining second-order forces, which are added to 
those acting on a joint or splice, consists in taking into account the effect of an 
additional bending force Δ
M Ed and an additional shear force Δ
VEd , obtained using the 

following formulas: 

 1  WefM  N  1Ed Ed  A  ef 

  1  WefV  N  1Ed EdL  A  ef 

in which: 

Aef, Wef are the values of the effective section of the member. 

L is length. 

 is the buckling reduction coefficient in the least favourable buckling 
plane.
 

NEd is the design axial force.
 

73.13.3. Joints with mechanical fixing 

Joints using self-tapping screws shall comply with standard UNE-EN ISO 10666 
“Drilling Screws with Tapping Screw Threads. Mechanical and Functional Properties” 
and the remaining specific standards applicable to their specific geometry (hexagonal, 
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countersunk, roundhead, etc. in UNE-EN ISO 15480 to 15483). Conventional bolts 
shall comply with the requirements of Section 29. 

The arrangement of fixing members should be so as to enable assembly and 
subsequent maintenance, and must observe the reciprocal and edge distances 
indicated in the calculation formulas. 

A general principle of these joints is that the fail should be ductile, i.e. the shear 
capacity of the screw shall be greater than that of any other failure mode. 

73.13.3.1. Self-tapping screws 

This type of joint is used frequently to attach cover and front sheets to purlins, 
and to connect said sheets to each other along their longitudinal edges and transverse 
overlaps (perpendicular to the direction of the fretwork).They are also used to connect 
simple bars together to form built-up parts. 

The range of diameters tends to vary between 3 and 8 mm. Both self-tapping and 
self-drilling screws must comply with the assembly instructions given by the 
manufacturer concerning placement. The tightening torque applied must be slightly 
higher than that necessary to form the thread and less than the torsion breaking torque 
of the screw head. This threading torque must be less than two-thirds of the thread 
stripping torque or head-shear torque. 

The distances to free edge e1 and reciprocal distances between fixings in both 
directions p1 and p2 must be greater than three nominal diameters. In the transverse 
direction, the minimum distance e2 to the edge is one and a half times the diameter. 

A common load case is wind suction imposing tensile loads on fixing between 
sheets and purlins. For application of the formulas cited below to be valid, the thinnest 
sheet must have a thickness of between 0.5 and 1.5 mm, and the thickness of the 
thickest sheet must be greater than 0.9 mm in all cases. 

The screw head must always be in contact with the thinnest sheet. They must be 
provided with a washer stiff enough to mobilise the resistance capacity of the joint for 
two typical types of failure: 

a) By extraction or ripping of the threaded part, for example in purlin fixing in which the 
thread is pulled out 

b) By perforation or punching of the sheet in contact with the screw head, for example 
lifting with ripping of the sheet fixed to the purlins around the screw head or washer 
(pull through) 

The extraction capacity Fo,Rd depends on the thread pitch in relation to the 
thickness of the sheet affected tsup. 

tsupFor  1 Fo ,Rd  0,45dt sup fu ,sup /  
s 

tsupFor  1 Fo ,Rd  0,65dt sup fu ,sup /  M 2s 
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The perforation capacity depends on the diameter of the screw head or the 
washer dw, the thickness t of the sheet affected and the nature of the load. 

For static actions:	 F  d tf / p ,Rd w u M 2 

For actions that include wind: 	 F  0,5d tf / p ,Rd w	 u M 2 

The layout of covers must be as uniform and regular as possible, although on the 
edges of eaves and walls it is advisable to double the number of fixings along one tenth 
of the dimension in question to provide for the effects of a local wind amplification. 
Another best practice is to provide transverse cover sheet overlaps on a double purlin 
or with an oversized upper flange. 

The placement of fixings shall only be valid for structural purposes if they are 
located in the bottom of the trough. Crest fixings may only be used for the purpose of 
watertightness. If non-centred fixings are used, at half-width of the trough, the 
perforation capacity must be reduced by 10 %, and if two fixings are placed in each 
trough, one of them shall be reduced by 30 % (see Figure 73.13.3.1). 

Figure 73 13.3.1 Reduction of pull through resistance due to position of fasteners 

The tensile strength of the screw Ft,Rd shall be guaranteed by the Manufacturer 
and must exceed the extraction resistance Fo,Rd and perforation resistance Fp,Rd. It is 
advisable for extraction resistance to exceed perforation resistance to prevent abrupt 
tearing if the cover is subjected to upward loads. 

For shear stresses in the plane of the sheet, the flattening resistance of the fixing 
against the sheet depends on the thickness ratio: 

a) 	 If both thicknesses are equal: 

F  f dt /   in which   3,2(t / d )0,5  2,1 b ,Rd u M 2 

b) 	 If the larger thickness t1 is such that t1≥2.5t, where t is less than 1 mm, 
the above case shall apply. 

c) 	 If the larger thickness t1 is such that t1≥2.5t, but t≥1 mm, the following 
value shall be taken directly α=2.1 

d) 	 For intermediate cases, where t<t1<2.5t, α shall be obtained by 
interpolation. 

The shear strength of the screw Fv.Rd guaranteed by the Manufacturer must be 
20 % greater than the flattening strength Fb,Rd. 

The sum of individual resistances of screws must also be 20 % higher than net 
section resistance Fn,Rd. 
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Fn ,Rd  Anet fu /  M 2 

In flats and strips in tension, it is recommended that the above value not be less 
than the elastic capacity of the gross section to ensure plastification of the bar before 
the joints fail. 

Fy  Af y /  M 0 

In the event of combined tension and shear forces, the following expression shall 
apply: 

 F   F t ,Ed v,Rd      1 
 min(F  min(Fb,Rd , F 

p ,Rd , F0,Rd )  
 

n,Rd )  

73.13.3.2. Conventional bolts 

Bolted joints are frequently used to fix front or cover purlins to brackets and to 
connect purlins forming continuous-beam systems. They are also used to join the 
extremities of purlins near to the columns on lintels, using inclined struts or props in the 
lower flange of the lintels to prevent lateral buckling therein. 

The thickness of the thinnest sheet should be less than 3 mm and equal to or 
greater than 0.75 mm; the thickness of the thickest sheet t1 has no impact. 

The reciprocal distances between screws must be larger than three diameters 
both in the direction of the force and in transverse direction. One diameter is required 
for the front edge e1, and one and a half diameters for the side edges e2. 

These joints usually include a clearance between the nominal diameter d and the 
diameter of the hole d0, to facilitate assembly. Screws from metric M6 may be used, 
although the most advantageous diameter is M-16, with a hole d0 = 18 mm for C and Z 
purlins. 

The quality of the screw material may be 4.6 to 10.9, but the pre-loading effect of 
high-strength screws may not be taken into account. 

Screw calculations in tension and shear are determined by the provisions of 
Chapter XIV. No pull-through is foreseeable when using standard sets of nuts and 
washers. 

Shear resistance must be checked to prevent sheet flattening or net section 
failure. This latter suffers a comparatively more unfavourable reduction than in self
tapping screws. 

The flattening strength of the sheet is: 

Fb,Rd = 2,5 αbktfudt/γM2 

in which: 

 e1 b  min ,1
 
 3d 
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kt  (0,8t 1,5) / 2,5 for 0.75 ≤ t ≤ 1.25 

kt=1 for t> 1.25 

The resistance in the net section is: 

 d  A f 0  net uFn,Rd  1 3r  0,3
 
  u   M 2 


in which:
 

r = number of screws in the section/total number of screws.
 

u = min(e2, p2) 


where the variables set out in the formulas have the same meaning as in Chapter 

XIV. 

73.13.4. Spot welds 

Joints between members, galvanised or otherwise, up to 4 mm thick, may be 
made by spot welds, provided that the thinner connected parts is not more than 3 mm 
thick. 

Spot welds may be either fusion or resistance welding. Unless pre-production 
tests are carried out, the design diameter of a spot weld shall be: 

For fusion welding ds=0.5t+5 (in mm) 

For resistance welding ds=5t0.5 (in mm) 

Resistance weld Fusion weldi 

Figure 73.13.4 Test specimen for shear tests of spot welds 

The distance between the last spot-weld and the front edge e1 shall be between 
two and six times the design diameter ds. The distance between a row of spots and the 
parallel edge e2 shall be less than four times the design diameter ds. 

The reciprocal distances between spots must be larger than three diameters and 
less than 8 for p1 and six diameters for p2. 

This type of joint is only suitable for transmitting forces in the plane of the sheets. 
The shear capacity of each spot Fv,Rd must be 25 % greater than the tearing or 
flattening capacity and the sum of them must be 25 % greater than the net section 
resistance capacity Fn,Rd. 
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There are four failure types: 

2a) Shear: F   / 4d f / v,Rd s u M 2 

b) Net section: F  A f / net ,Rd net u M 2 

c) End failure: Ftb ,Rd  1,4e1 fu /  M 2 

d) Flattening and tearing if t ≤ t1 ≤ 2.5 t: F  2,7 td f / net ,Rd s u M 2 

If t1>2.5t, the same formula shall apply with the following upper limits: 

2Ftb,Rd  0,7ds fu /  M 2 Ftb ,Rd  3,1d stf u /  M 2 

73.13.5. Lap welds 

Members up to 4 mm thick may be joined using the electric arc method in 
accordance with the specifications of this section. The throat thickness should be 
chosen such that the resistance of the joint is determined by the thickness of the 
thinnest sheet. If a throat thickness equal to the thickness of the thinnest sheet is 
chosen, the above condition is deemed satisfied automatically. 

73.13.5.1. Fillet welds 

The design resistance of a fillet welded connection, parallel to the direction of the 
force, depends on the gap between them, coinciding with the width b of the welded flat 
or strip. 

If the length of the chord is such that Lw,s ≤ b: 

L f w.s  uF  tL 0,9  0,45 w,Rd w,s 
 b   M 2 

If the length of the chord is: Lw,s> b: 

Fw ,Rd  0,45tbf u /  M 2 

For an end fillet where Lw,s ≤ b: 

F  tL 

1 0,30 

Lw.e 
 fu  where Lw,e is the length of the end  filletw,Rd w,e 


 b   M 2 


weld 

The centroid should be determined in advance in sets of side and frontal chords, 
and the forces transmitted by the member must be referred to it. The effective lengths 
of the chords shall match the geometric lengths, including end returns, with no 
reduction for start and termination of the weld. 

Weld chords whose length is less than 8 times the thickness of the thinnest sheet 
shall not be deemed structural weld chords 
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73.13.5.2. Spot arc welding 

As in fusion or resistance spot welding, covered in 73.13.4, only shear forces 
may be transmitted in the plane of the sheet. The total thickness of the sheets must not 
exceed 4 mm and the design interface diameter ds must not be less than 10 mm. 

sheet 
Connected part of 

Weld washer (optional) 

Supporting member 

Figure 73.13.5.2.a Arc spot weld with weld washer 

The formulas to be applied depend on the contact area between sheets and the 
peripheral area, along the edge, characterised by the peripheral diameter dp. Both 
values are obtained from the visible diameter dw obtained in the outermost weld washer 
or sheet. 

dp = dw – t for two sheets 

dp = dw – 2Σt for multiple connected sheets or parts of total thickness 

ds = 0.7dw – 1.5Σt >0.55dw 

a) Single connected sheet (Σt = t) 

a) Two connected sheets (Σt = t1 + t2) 

TITLE 5 page 135 



 

 

  

 
 

 

 

 

  
 

  

  

  

 

  

 

 

 
 

 

   

   

	 
   

	 	 

 	   

   
	   
 

   
 

 

	

 

 
 

 

   

   

   

   

  
  
   

 

a) Single connected sheet with weld washer 

Figure 73.13.5.2.b Arc spot welds. The distance to the end free edges of the last 
spot weld must be sufficient to prevent local flattening, checking that: 

F 
e  2,1 w,Ed 

min f

t u
 

 M 2 

where Fw,Ed is the design shear resistance of the spot weld, which must be less 
than: 

2 fFw,Rd  0,625( / 4)ds uw /  M 2 

where fuw is the ultimate tensile strength of the material of the electrode. 

The value of Fw,Rd is limited by the perimeter resistance given by the following 
cases: 

d p 420
a) If  18 Fw,Rd  1,5d p  tfu /  M 2 t fu 

420 d p 420 420 2 fub) If18   30 : F  27  t 
f  t f w,Rd f u u u M 2 

d p 420
c) If  30 : Fw,Rd  0,9d p  tfu /  M 2 t fu 

Elongated slot welds of length LW have a capacity limited by the lesser of the 
following formulas: 

   f2  L uwIn sheet contact: Fw,Rd   ds wds 0,625 
 4    M 2 

fuIn the perimeter surface: F  0,5L 1,67d tw,Rd w s  M 2 
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Section 74. Meshed fabrics 

74.1. Tubular structures 

Tubular profiles are manufactured with steels similar to those used for other types 
of steel profile, on account of which in principle there is no difference between them; 
the mechanical and resistance properties are obtained using standard parameters. 
Chapter VI and sections 28.2 and 28.3 cover hot-rolled and cold-formed hollow profiles 
respectively. With regard to structural analysis, the provisions of Chapter V shall apply, 
along with the provisions of this chapter regarding the analysis of triangular or lattice 
structures. Furthermore, the dimensioning and checking of structural members of 
hollow section shall be carried out in consideration of the ultimate limit states, covered 
in Chapter IX, and the serviceability limit states, covered in Chapter X. 

Moreover, when designing meshes in general or tubular structures, whether 
spatial or flat, it is important to consider the performance of the nodes from the 
beginning. Section 64 of this Code sets out the principles and rules for properly 
dimensioning joints between members of hollow section. Furthermore, Chapter XI 
specifies construction details of joints in tubular structures liable to be analysed for 
fatigue. 
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TITLE 6.  EXECUTION  

CHAPTER XVI. PREPARATION AND ASSEMBLY 

Section 75.  Preparation and assembly 

75.1.  General  

This Chapter stipulates the minimum requirements for adequate execution at the 
intended level of safety according to the design criteria of this Code.  

In general, this Chapter applies to all structures subjected to predominantly static 
loads. For structures subject to fatigue, higher levels of execution are also required 
according to the classification of the relevant construction details.  

The Special Technical Specifications shall include all requirements relating to the 
manufacture, assembly and materials necessary to ensure the level of safety in the 
design, and may include additional stipulations without compromising the technological 
requirements or invalidating the minimum quality values set out in this Code.  

Structures that require more careful execution are those that belong to execution 
classes 3 and 4, in accordance with subsection 6.2.  

75.2.  Workshop drawings  

The Builder shall use the design drawings to draw up workshop drawings in order 
to completely define all the members of the steel structure, and the specification of 
levels and compatibility with the rest of the construction shall be checked on site. 

75.2.1.  Content  

Workshop drawings shall contain the following in complete form:  

– the dimensions necessary for defining all members of the structure 
unequivocally; 

– beam cambers where planned; 

– the arrangement of joints, including temporary joints; 
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– bolt-hole diameters, stating the machining form; class and diameter of bolts;  

– shape and dimensions of welded joints, preparation of edges, welding process 
and position, input material and order of execution where necessary;  

– indications for machining or treatment of members as required;  

– auxiliary members (lugs, patterns, reinforced members, holes, etc.) for fixing, 
turning, straightening or hoisting the main metal members, stating their position 
and connection to other members, as well as any cleaning up required after they 
have been removed.  

The position and radius of vent holes for overlapping welds.  

All workshop drawings shall state the beams, steel class, weight and brand of all 
the members of the structure contained in the plan.  

75.2.2.  Review and modifications  

Before executing the design at the workshop, the Builder shall send two copies of 
the workshop drawings to Project Management, who shall review them and return a 
signed, authorised copy specifying any corrections that need to be made if necessary. 
In such cases, the Builder shall send new copies of the corrected workshop drawings 
for finalization.  

If the design is modified during the execution of the work, the drawings shall be 
amended so that the finished work is still defined exactly by the drawings.  

If it is necessary to make detailed modifications to the content of the workshop 
drawings during the execution phase, this must be done with the approval of Project 
Management and included in the plans  

75.3.  Preparation of material  

Before manufacture begins, the products should be handed over in accordance 
with Chapters VI and XXI, so as to avoid any subsequent rejection that may be 
attributed to material that might come into conflict with execution.  

Appropriate methods shall be used to eliminate surface defects on products, such 
as burrs, cracks and, where so dictated by the protective treatment, the lamination 
scale. Should such action cause concealed defects to be detected when the material is 
handed over, such as inclusion, blowholes, losses outside the tolerances, etc., the 
delivery is to be reconsidered if corrections are not feasible.  

75.3.1.  Marking, handling and storage  

For all the phases of manufacture, a suitable permanent and distinctive marking, 
in accordance with the representation system used for the workshop drawings, must 
identify the parts.  

The marking allows different members of the structure to be monitored so as to 
facilitate the checks set out in Chapter XXI, and any storage or warehousing prior to 
assembly.  
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Preferably, the marking should be done using paint. For members not subject to 
fatigue loads or strong tensile stress, which may include those in execution classes 1 
and 2, Project Management may authorise marking by means of an imprint or stamp.  

For storage, particular attention should be paid to ensuring that the members are 
not affected by water accumulation, nor come into contact with the ground, and that the 
durability conditions in Section 31 and subsection 79.2 are maintained.  

Appropriate precautions shall also be taken for the storage of auxiliary members 
such as bolts, electrodes, paint, etc., in accordance with the instructions issued by their 
Manufacturer.  

75.3.2.  Straightening  

Before performing any other activities, it must be ensured that the tolerances in 
Chapter XVIII are complied with, and covering the possibility of using straightening to 
make any necessary corrections to any deviations from those tolerances.  

Stamps or roller machines are therefore to be used for sheets and profiles. 
Attenuation may also be used for highly slender light profiles.  

If the cold straightening cannot be done using the stated procedures, it is to be 
done in accordance with subsection 75.3.4.  

75.3.3.  Cutting  

Cutting may be performed by awing, shearing or flame cutting. Wherever the 
finish remains free of irregularities and there is no local hardening above 380 HV10, no 
subsequent machining will be required.  

The cutting equipment used must be reviewed at regular intervals so that it 
ensures any irregularities are smaller than the maximum permitted size.  

Sawing, plasma and automatic oxycuts are preferred to shearing and manual 
oxycuts. The latter process is not to be used for execution classes 3 and 4 unless 
machining follows it. The Designer or Project Management may stipulate the cutting 
method to be used for classes 1 and 2.  

Shearing may be used with the express permission of Project Management for 
thicknesses of up to 25 mm, although mandatory machining shall be used for parts of 
any thickness in execution class 4 and parts in execution class 3 that have a thickness 
greater than 15 mm. The removal of burrs and damaged parts is mandatory unless 
they are cast for subsequent welding.  

Cuts shall be made to sheets and profiles in such a way that there are no re-
entrant angles with sharp edges, so as to avoid any notching effect. Re-entrant angles 
shall be rounded at the edges, with a minimum radius of 5 mm. The minimum radius 
shall be 8 mm for execution classes 3 and 4.  

75.3.4.   Shaping  

This may be performed by bending or folding until the required form is obtained, 
using either heat or cold, provided that the properties of the worked material are not 
reduced below those specified.  
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For cold folding or bending, the minimum radii recommended by UNE-EN 10025 
shall be adhered to. In the event of non compliance with the tables in that standard, 
and wherever the extreme tensioned fibre does not exceed an elongation equal to one 
quarter of the fracture in the material, a specific procedure must be drawn up, stating 
the heat treatment to be applied and the relevant control measures. Hot-forming of 
steel by means of thermomechanical treatment is not permitted (UNE-EN 10025-3 and 
UNE-EN 10025-4), and the same applies to hardened and tempered steel unless it 
satisfies the requirements of UNE-EN 10025-6:2007+A1.  

The supplier’s instructions for heat-forming must be followed, particularly in the 
case of fine-grained steel. The duration and speed of both the mechanical work and of 
cooling must be sufficient to avoid deterioration of the steel’s tenacity and resistance. In 
particular, no manipulation of any kind is permitted in the blue colour range (from 
250°C to 380°C). The folding or bending must be carried out at a light cherry red 
temperature (from 950°C to 1050°C) and must be stopped if the temperature falls 
below dark red (approximately 700°C). The working temperature must be determined 
effectively.  

In view of the limitations above, the shape may be corrected by means of the 
controlled application of heat using a blowtorch.  

All forming processes shall be subject to a procedure drawn up by the Builder, 
which must be approved by Project Management. It may set out relevant tests or 
control procedures to ensure that the process is adequate, particularly if a blowtorch is 
used to apply heat to structures of execution classes 3 and 4.  

75.3.5.  Holing  

Bolt-holes may be made by drilling or punching. The hole may be made at the 
final diameter or at a diameter 2 mm smaller, by means of subsequent reaming.  

Punching is only permitted at the final diameter if there are no fatigue loads. The 
material must be less than 25 mm thick, and the diameter of the hole should not 
exceed this thickness.  

For parts that are subjected to fatigue loads, in execution class 4, the holes are to 
be made by drilling.  

In the case of holes for bolts with countersunk heads, the countersunk angle 
must be identical to that of the head on the bolt.  

Long slotted holes may be punched once or even drilled using two holes, but 
they require subsequent finishing to ensure displacement of the bolt throughout the 
oval if such slippage is foreseen, and they must also be machined.  

Wherever possible, the holes for two parts of the same joint should be drilled at 
the same time.  

Burrs must be removed from holes before assembly, except where the holes are 
drilled as a single operation through members that are solidly joined together and 
which do not need to be separated after drilling.  

The Special Technical Specifications must state whether all or part of the 
structure belongs to any of the execution classes indicated in subsection 6.2, or 
classes for which more careful manufacture is required. In such case, the edges of 
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holes that attain local hardening greater than 380HV10 for classes 3 and 4 must be 
corrected.  

75.4.  Pre-assembly at the workshop  

This operation consists of presenting the members prepared at the workshop and 
assembling them before they are assembled on site. The joints must fit within the 
tolerances in Section 80 that apply, without forcing or damaging the members.  

The adjustment of supporting contact surfaces must be checked with regard to 
dimensions, orthogonality and flatness.  

Where the applicable tolerances are adhered to, it is acceptable to use saw 
machining on the contact surfaces.  

Unaligned and non-coincident holes may be corrected by means of reaming if 
they fall within the limits defined in subsection 76.2, otherwise the members in question 
will be rejected. In order to avoid such inconvenience, the use of patterns or a drill set 
is recommended.  

For butt-welded joints, it must be ensured that the geometric tolerances between 
edge preparations are within those required for the intended type of welds.  

Adequate safety measures shall be adopted for all temporary joints or parts used 
for assembly in the workshop, and the criteria of this Code shall apply as if the 
members were the final ones to be installed on site.  

All requirements relating to cambers or pre-adjustments stated in the Special 
Technical Specifications shall be complied with.  

Where it is not possible to assemble certain sections at the workshop owing to 
lack of space, patterns may be prepared so that it may be checked whether the 
adjacent parts have been assembled correctly.  

Section 76.  Mechanical fastening  

76.1.  General  

This Code discusses various possibilities for construction arrangements that 
allow for reasonable execution in accordance with the structure’s quality and safety 
requirements in every specific case.  

The execution of joints using bolts must consider the specific design 
characteristics, the requirements of which are set out in Section 58, and the properties 
of the materials used, which appear in Section 29. Hole diameters, shared and edged 
partitions, tightening systems and surface state, among other data, must therefore be 
stated in the Special Technical Specifications, and it is recommended that they also 
appear in the drawings.  

The Builder shall recognise the classification of the bolted joints that are to be 
made in accordance with subsection 58.2, in such a way that the workshop drawings 
may be developed using construction arrangements that allow the hypothesis 
considered in the design to be fulfilled.  
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76.2.  Position and size of holes  

The diameter of holes in relation to the diameter of bolts must be appropriate for 
the principles stated in the preceding subsection. For base plates and head plates that 
house anchor bolts in concrete, other arrangements apply that are not discussed here.  

The nominal clearances that give the diameter of the hole when added to the 
diameter of the bolt are:  

a)  normal round holes:  
1 mm for M12 and M14 bolts;  
2 mm for M16 to M24 bolts;  
3 mm for M27 and greater bolts;  

b)  oversized round holes in joints with slip resistance:  
3 mm for M12 bolts;  
4 mm for M14 to M22 bolts;  
6 mm for M24 bolts;  
8 mm for M27 and greater bolts;  

c)   Long slotted holes of short length in joints that are resistant to normal slippage:  
4 mm for M12 and M14 bolts;  
6 mm for M16 to M22 bolts;  
8 mm for M24 bolts;  
10 mm for M27 and greater bolts.  

The clearances for long-slotted holes are, strictly speaking, identical to those of 
round holes.  

Calibrated bolts are placed in holes with a clearance of 0.3 mm.  

For joints that are resistant to slippage, clearances greater than those given for 
length may be used if they do not exceed two and a half times the nominal diameter of 
the bolt.  

For external joints, long-slotted holes must remain covered by flashing or 
washers with adequate dimensions, the holes on which must be of normal clearance.  

The distances between the axes of bolts and those of edges must comply with 
the minimum and maximum values set out in the design, particularly if the joint has 
been designed to allow plastic redistribution of force in bolts and its capacity is 
determined by resistance to flattening.  

76.3.  Use of bolts  

Unless otherwise specified that shear in the threaded part has been considered, 
the bolt length must be determined so that the shearing plane remains outside the 
threaded part of the shank for all sheet thicknesses and washers.  
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In this case, bolts that are threaded as far as the head may be used. The above 
does not apply to calibrated bolts.  

After tightening, at least one full thread shall remain clear between the nut and 
the un threaded part of the sank. Bolts that are not pre loaded must also have at least 
one full thread on the other side of the nut, i.e. inside the joint. For pre-loaded bolts, 
this latter requirement shall be for a minimum of four fillets.  

Bolts shall not be welded unless a qualified welding process is specified in 
accordance with UNE-EN ISO 15609-1 and explicitly stated in the Special Technical 
Specifications.  

76.4.  Use of nuts  

Nuts shall be adequate for the type of bolt that is used, particularly where they 
are pre-loaded in accordance with the tables in Section 29.  

It should run freely on the bolt before they are fitted. Their designation must be 
visible for inspection after assembly Special measures shall be taken for structures that 
are subjected to vibrations, so as to avoid loss of thread and any possibility of the bolt 
falling out. In such case, bolts with a vertical axis shall have their head in the upper part 
of the joint. Nuts for bolts that are not pre-loaded must be fitted with lock nuts or 
another effective mechanism. It is not necessary to use lock nuts for preloaded bolts.  

The provisions for bolts in the preceding subsection shall apply to the welding of 
nuts.  

76.5.  Use of washers  

Irrespective of their quality, bolts that are not pre-loaded do not require the use of 
washers unless the surfaces have a very thick coating where local damage should be 
avoided.  

Washers may be used to fulfil the requirement of keeping the threaded part 
outside the hole in the case of calibrated bolts, or even outside the shear plane if so 
stipulated in the Special Technical Specifications for bolts, whether pre-loading or not.  

Washers of variable thickness or with a wedge are to be used for sloping 
surfaces in all cases. The use of washers under the part that is to be turned during 
tightening, or the bolt head or nut is mandatory in the case of pre-loaded bolts. It is 
recommended that this requirement be extended to the fixed portion, particularly under 
the aforementioned assumption that bolts that are not pre-loaded will protect coatings. 
Flat or chamfered washers that are to be used with pre-loaded bolts shall comply with 
UNE-EN 14399-5 and UNE-EN 14399-6.  

If direct tension indicators are used, they shall be fitted with the protrusions in 
contact with the part that does not turn during tightening. In any case, the 
Manufacturer’s instructions shall be followed, and they must be set out in detail in the 
Special Technical Specifications.  

76.6.  Tightening of non-preloaded bolts 

Bolts for joints that are not preloaded shall be tightened up to the adjusted 
contact condition for components surrounding each bolt. Local clearances of 2 mm are 
permitted to remain separate from the area where the bolts are arranged. Bolts should 
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be tightened gradually, working from the inside outwards so as to avoid exceeding the 
limit.  

Determination of the tightening torque value by obtaining the adjusted contact 
condition is unnecessary. It is the value corresponding to that given by a worker using 
a normal key without an extension, and equivalent to the point at which a pneumatic 
key starts to have an effect.  

Where the clearance limit of 2 mm or less is exceeded, wedges or lining may be 
inserted if stated in the Special Technical Specifications, or even comb gauges that 
cover the bolts.  

Any of the bolt types given in Section 29 may be used for joints that are not pre-
loaded. This class of joint includes base plates with anchor bolts in concrete.  

76.7.  Tightening of preloaded bolts  

For joints that use pre-loaded bolts, only types 8.8 and 10.9 may be used, in 
accordance with Section 29. These joints are considered resistant to slippage, and are 
subject to the requirements of the corresponding subsection.  

The maximum clearance between contact surfaces is limited to 1 mm. In cases 
where such clearance exceeds this value and is not greater than 2 mm in corrosive 
environments and 4 mm in internal environments, it is possible to use a lining-based 
adjustment system.  

The bolts may start to be preloaded once the adjusted contact condition has 
been obtained. Preloading should be carried out in an ordered, gradual way. Unless 
otherwise stated in the Special Technical Specifications, it is considered that the pre-
stress force that must be obtained in the bolt shank is 70 % of the traction resistance of 
the bolt, fub, multiplied by the resistant area, As:  

N0 = 0.7 fub As 

Table 76.7. Minimum pre-load force, N0 (kN) 

Bolt diameter (mm)  
 Property class 12  16  20  22  24  27  30  36 

Bolt class  8.8  47  88  137  170  198  257  314  458 

Bolt class  10.9  59  110  172  212  247  321  393  572 

This pre- load force may be obtained using one of the following methods:  

– Torque; 

– direct tension indicator;  

– combined method.  
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76.7.1.  Torque method  

The torque applied to bolts induces a pre- load force in the bolt shank, depending 
on its diameter and on a factor that sums up the characteristics of friction between the 
components and the part that turns.  

Torque wrench shall have a level of precision that avoids errors greater than 4 % 
when the torque is applied. This must be verified daily throughout assembly.  

As a guideline, where the nut and bolt are delivered in lightly lubricated condition, 
the torque value will be:  

Mt = 0.18 d N0 

The torque shall be recommended by the Manufacturer of the nut and bolt set, in 
accordance with the classification set out in standard UNE-EN 14399-1. It shall be 
applied without any amendments to the supply conditions (it is standard practice to use 
molybdenum disulphide-based lubricants or wax on galvanised bolts so as to reduce 
the internal slip factor to values similar to those of non-galvanised bolts).  

If there are no such recommendations, one of the following two procedures shall 
be followed:  

a)  the torque shall be determined on the basis of the k values given by the 
manufacturer, applying the formulae in Section 8.5.2 of standard EN 1090-2;  

b)  the torque shall be determined by means of a test in accordance with Annex H to 
EN 1090-2.  

In order to ensure that the force N0 is achieved, at least two steps shall be carried 
out based on the adjusted contact condition with gradual tightening:  

– application of 75 % of the required torque value Mt;  

– tightening until 110 % of Mt is achieved.  

It is not advisable to exceed this value, since it might result in the bolt fracturing if 
the friction in the thread is less than that given.  

A torque value obtained by means of a test in accordance with UNE-EN 14399-2 
may be used.  

76.7.2.  Direct tension indicator (DTI) method  

This method consists of using special washers, in accordance with standard 
EN 14399-9, that are arranged below the fixed part. When a turning force is applied to 
the opposite part, a pre-load force is induced in the bolt shank, which acts on some 
protrusions or protuberances on the washer. In order to achieve the prescribed value, 
these protrusions are flattened and direct contact is made with the nut or bolt head, 
eliminating the clearance that they occupy.  

The Manufacturer’s instructions must be followed, and the requirements in Annex 
J to standard EN 1090-2 relating to flatness and mean clearance must be met.  
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76.7.3.  Combined method  

Based on the adjusted contact condition, 75 % of the torque is applied. The 
position of the nuts is then marked, and an additional turn is applied in accordance with 
previous tests and UNE-EN 14399-2.  

The following table may be used for joints with flat surfaces, depending on the 
total thickness, including washers and lining.  

Table 76.7.3. Additional rotation depending on joint thickness  

Joint thickness  Further angle of rotation 
to be applied, degrees  

t < 2d  60 degrees  

2 d < t < 6  90 degrees  

6d < t < 10d  120 degrees  

76.8.  Contact surfaces in slip-resistant joints  

Preloading the bolts for joints of this type involves a compression state of the 
joined surfaces that is affected by the slip factor between those surfaces and prevents 
relative slippage. The final state of these surfaces is determined by their slip factor.  

The Special Technical Specifications must stipulate which surface class is to be 
obtained, particularly if the design uses high values for the slip factor. The surfaces 
must be clean and free of grease. Blowtorch cleaning is not acceptable.  

The table that follows gives the surface treatments and the corresponding slip 
factor. In the first two cases, blast cleaning and shot blasting mean that grade Sa 2½ 
must be obtained in accordance with UNE-EN ISO 8504-1.  

In the event that contact surfaces have not been protected by priming at the 
workshop and they have been assembled in a different way, incipient oxidation and any 
other contamination must be removed using a wire brush made of mild steel.  

Table 76.8. Slip factor values depending on surface treatment 
Class  Treatment  μ factor  

A  A1 – Blast with shot of grit  without pitting  0.50  

A2 – Blast cleaning or shot blasting and spray 
metallized with Alluminium  

0.50  

A3 – Blast cleaning or shot blasting, spray metallized 
with a zin based c A pulverisation, and slippage test  

0.50 

B  Blast cleaning or shot blasting, with alkali-zinc silicate 
paint with a  thickness of 80 microns  

0.40  

C  Wire brushed  or flame cleaning  and removing all scale 
or rust  

0.30  

D  Untreatment 0.20  
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Contact surfaces made of galvanised steel and treated with wire brushing shall 
be regarded as class C. Untreated galvanised surfaces shall be class D.  

For cases not covered by this table, or in order to fit the design, the slip factor 
value may be determined by means of checking, following the instructions in Annex G 
to standard EN 1090-2.  

76.9.  Special fixing  

This subsection includes three types of fasteners for joining steel structures to 
concrete:  

– bolts embedded in concrete;  

– bolts anchored in drill holes filled with mortar;  

– bolts anchored mechanically, of the expansion or wedge type.  

In addition to fulfilling the anchoring requirements according to adherence and 
shape, they must also satisfy all the requirements for bolts in this Code, according to 
their material and assembly, with the exception of those that refer to hole diameters.  

Other joint systems or methods that are not covered by this Code may be used if 
they are stipulated in the Special Technical Specifications and there is adequate 
experience of them, and they are covered by other standards, and always under the 
responsibility of the Designer or Project Management.  

76.10.  Using special types of bolt  

76.10.1.   Countersunk head bolts   

Bolts with countersunk heads must keep the same level of flush as the surface of 
the outermost sheet. They may be preloaded not, and they shall be subject to all the 
preceding subsections.  

The countersinking dimensions and tolerances must be specified in every case. 
The countersinking depth shall be 2 mm less than the nominal thickness of the outside 
sheet.  

Should this operation affect more than two sheets, it must be carried out with 
both sheets joined firmly.  

76.10.2.  Calibrated bolts and pins  

Calibrated bolts and pins, in hinges or rockers, are considered to be special types 
of bolt for the purposes of this Code.  

Their mechanical properties must comply with subsection 29.2 and their 
tolerances shall correspond to shank class H13 in UNE-EN 20286-2 (ISO 286-2).  

Holes shall be pre-drilled to 3 mm less, and reamed to the final diameter when 
done in situ. In the case of a joint with several sheets, they must be reamed 
simultaneously and attached firmly during the operation. Reaming must be done using 
a fixed screw.  
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The tolerance for calibrated bolts and pins in holes shall be of class H11 in 
accordance with UNE-EN 20286-2 (ISO 286-2). If a pin does not need to be calibrated, 
the clearance defined in subsection 76.2 shall apply.  

The thread shall not remain inside the joint in the case of calibrated bolts. For 
pins, this requirement is not mandatory but avoids the presence of a threaded area on 
the shearing planes.  

This shall be done by striking them lightly and without damaging the thread.  

76.10.3.  Injection bolts  

Injection bolts have a perforated head into which resin is injected to fill any gaps 
between the shank and the hole.  

They are suitable for replacing rivets or other bolts without modifying the existing 
hole. When resin is injected, they become resistant to flattening. They may be pre-
loaded or not.  

Their use shall comply with the provisions of Annex J to EN 1090-2.  

Section 77. Welding  

77.1. General   

The quality requirements for welding that are to apply to each execution class in 
accordance with the requirements of the relevant part of UNE-EN ISO 3834 are those 
given in Table 77.1.  

Table 77.1. Quality requirements for welding, depending on the execution class 

EXC  1  Part 4, elementary quality 
requirements 

 EXC 2  Part 3, standard requirements  

 EXC 3 and 4  Part 2 comprehensive quality 
requirements  

77.2.  Content of a welding plan  

 A welding plan should be provided that applies to the steel defined in Chapter VI 
and includes adequate precautions against the risk of lamellar tearing in the event that 
tensile stresses are transmitted perpendicular to the thickness of the material.  

Implementations of the welding plan shall include as relevant  

– joint detail;  

– size and type of joint;  

– specifications such as electrode type and pre-heating;  

– welding sequence, limiting to discontinuous welding, or intermediate tests;  
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– any turning or flipping of the part that is required in order to weld it;  

– detail of temporary fixings;  

–  Measures to be taken to avoid lamellar tearing;  

– reference to the inspection and checking plans;  

– all requirements for identifying welds.  

77.3.  Welding processes  

All welding processes to be applied to joints shall be included among the 
following and be in accordance with the definition given in UNE-EN ISO 4063:  

111.  . Metal-arc welding with covered electrode. 

114.  . Self-shielded tubular cored arc welding. 

121.  Submerged arc welding with one wire electrode.  

122.  Submerged arc welding with strip electrode.  

131.   Metal inert gas welding; MIG welding.  

135.   Metal active gas welding; MAG welding.  

136.  Tubular-cored arc welding with active gas shield; MAG welding.  

141.  Tungsten inert gas welding; TIG welding.  

783. Drawn arc stud welding with ceramic ferrule or shielding gas.  

784.   Short-cycle drawn arc stud welding.  

 Other welding processes shall be specified explicitly in the Special Technical 
Specifications.  

77.4.  Qualification of welding procedures  

77.4.1. Welding procedure  

Welding must be carried out according to a qualified procedure in UNE-EN ISO 
15609-1. The method for qualifying the procedure  shall be one of those set out in the 
various parts of UNE-EN ISO 15609-1, unless explicit, details of which must be 
provided in every case. If so specified in the Special Technical Specifications, the 
welding process shall be qualified by means of advance tests in accordance with UNE-
EN ISO 15614-1.  

For automated sheet processes that incorporate priming at the workshop, and 
deep penetration welding carried out with a single pass, it is mandatory for such 
qualification to be carried out by means of tests prior to production. In the case of 
primed sheets, it must be carried out using the greatest permitted coat thickness. If a 
process that has been qualified through checking has not been used for more than 
three years, a full-size sample from a production test must be inspected in order for the 
process to be approved.  
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Where deep penetration electrodes are used, or where both sides are welded 
without open roots, a specimen must undergo a destructive test every six months, in 
addition to the qualification test prescribed for the process.  

77.4.2.  Welders qualification  

Welders shall be qualified in accordance with UNE-EN 287-1; in particular, fillet 
weld welders must qualify through adequate fillet weld tests.  

All documentation proving that welders are qualified by examination must be 
archived and remain available for verification. An accredited body chosen by Project 
Management must certify the aforementioned qualification in accordance with UNE-EN 
287-1, or EN 1418 for welders.  

77.4.3.  Welding coordination 

In order to ensure that sufficient attention is paid to the welding process, a 
specialist called a “welding coordinator” must be present during welding-related 
activities in structures corresponding to classes 2, 3 and 4.  

The welding coordinator shall be professionally trained and experienced in the 
welding operations he supervises, as stated in UNE-EN ISO 14731.  

77.5.  Preparation and execution of welding  

77.5.1.  Joints preparation 

The aim of preparing the edges of parts that are to be butt-welded together is to 
ensure complete penetration, adapting to the different technical and financial conditions 
existing in each specific case. The surface of parts and edges should, strictly speaking, 
be free of visible cracks and notches.  

The surfaces that are to be welded shall be dry and free of any material that 
could have a negative impact on the quality of welding. Priming may be permitted if the 
welding process that uses such priming has been qualified.  

The preparation of edges forms part of the welding process. The welding 
coordinator is responsible for selecting the correct type. UNE-EN ISO 9692-1 gives the 
most highly recommended types for various processes.  

Any deviations in shape or alignment of faces should be less than the maximum 
permitted ones given for the welding process in question. The welding process must 
consider any correction of defects due to notching or geometrical errors in the 
assembly through welding. In all cases, the area affected must be ground, with its 
surface remaining smooth and flush to the rest of the part. The cutting area must 
always be ground for execution classes 3 and 4.  

77.5.2.  Storage of welding consumables  

Input material, electrodes and wire must be stored and handled in accordance 
with the Manufacturer's recommendations, particularly for basic coating that is 
susceptible to deterioration by moisture. Any defect or damage in the form of cracks or 
flaking of the wire’s oxide coating shall result in rejection. UNE-EN ISO 3834 includes a 
section that discusses the storage of consumables and base materials.  
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77.5.3.  Weather protection 

Both the welder and the working area shall be adequately protected from wind, 
snow and rain, particularly where the welding process is carried out using gas 
protection. It is usually advisable for all welding activities to be carried out at a 
workshop. The areas that are to be welded must be kept dry and free of condensation.  

77.5.4.  Assembly for welding  

Components to be welded shall be brought into aligned and positioned correctly, 
and remain immobile while they are being welded. Spot welding may therefore be used 
between them, or even external arrangements such as patterns or reinforced members 
that have adequate means of fixing.  

The longitudinal and transverse contraction that the welds undergo during cooling 
shall be taken into account. To that end, the aforementioned initial relative position 
between parts must be such that the final result complies with the dimensional 
tolerances in Chapter XVIII. In any case, straightening may be used as indicated in 
subsection 77.5.13.  

For the purposes of fixing during assembly, joints must not be made with 
reinforced members or other external parts during spot welding, since this may cause 
residual stress owing to limited deformation during cooling. No additional welding, 
drilling or clipping may be done if it is not defined in the plans.  

Making the dimensional tolerances compatible with the welding plan for all 
members may mean that execution sequences have to be established, whereby some 
bracing or secondary bars should be fitted last.  

77.5.5.  Preheating  

The aim of pre-heating the surfaces on the members that are to be joined is to 
change the cooling time so as to reduce the probability that fragile elements will form in 
the input material and in the area affected by the heat of the base material. Preheating 
may be necessary for large thicknesses or for steel with high equivalent carbon 
content. It must form part of the welding plan in all cases where required. The welding 
coordinator shall be responsible for defining it.  

The preheating shall extend to at least 75 mm on each side of the elements that 
are to be joined. It must also be considered whether it is worth pre-heating joints that 
are provisional or due to be spot-welded, particularly in the case of members that have 
very different thicknesses from each other.  

The surface hardness value 380 HV10 in the area affected by the heat is a 
maximum limit above which the risk of fragile fractures increases. This value must be 
avoided in welding process tests. In some processes, such as 783 “ Drawn arc stud 
welding with ceramic ferrules or shielding gas ” and 784 “ Short-cycle drawn arc stud 
welding ” in standard UNE-EN ISO 4063, this value may be exceeded if so stipulated in 
the Special Technical Specifications.  

77.5.6.  Temporary attachments 

If it is necessary to use temporary joints by means of spot welding, for ease of 
erection or assembly, such welds shall be so positioned that they may subsequently be 
removed without damage to the permanent steel work.  
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All temporary joint welds shall be executed according to specific instructions. If 
they are to be removed by cutting or chiselling, the surface of the parent metal shall 
subsequently be carefully ground smooth.  

Once the temporary joints have been removed, the affected areas must be 
inspected in order to ensure that there are no defects.  

This last precaution will be particularly necessary in the case of structures that 
are subjected to fatigue loads. In such case, the removal of temporary joints shall be 
mandatory for structures of class 3 and 4.  

77.5.7.   Tack welds  

This type of welding may be used to fix members together so that they maintain 
their position during welding. The minimum length of the tack shall be lesser than of 
four times the thickness of the thicker part or 50 mm, In automated processes, the 
conditions for executing such welds shall be considered for the welding process. If they 
form part of a final weld, they must take a suitable shape for that purpose. For manual 
processes, welders who carry out this type of welding must also be qualified as stated 
in subsection 77.4.2, unless these welds are not included in the final weld.  

In such case, these welds shall be removed.  

77.5.8.   Fillet welds  

Members that are to be joined using fillet weld seams should be in the closest 
possible contact.  

The throat thickness and chord length must not be less than those stated in the 
design, taking into account the use of deep penetration electrodes or partial penetration 
as indicated in the detail.  

77.5.9.  Butt welds  

77.5.9.1.  General  

The finish on a surface where chords are butt-welded must be such as to ensure 
a sound weld with full throat thickness.  

The Special Technical Specifications must state where it is necessary to use 
additional parts to extend the chord so as to ensure that the outside end of the chord 
maintains the throat thickness whilst avoiding the craters produced by striking and 
cutting the steel. These additional parts may be used for any destructive tests that are 
required.  

After completion of welds, both the additional extension parts and any other 
additional members shall be removed.  

If a flush surface is required, the excess weld metal shall be removed. This may 
be necessary for aesthetic reasons or in order to attenuate the effect of fatigue loads.  

77.5.9.2.   Single sided welds  

Full penetration welds may be done on only one side, either with or without a 
back plate (backing). This back plate may consist of permanent backing only if the 
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Special Technical Specifications so permit and the approved welding process meets 
the corresponding requirements for it.  

Backing material shall fitted be tightly to the parent metal and should be 
continuous throughout the weld chord. If the back plate is made of copper, it must be 
removed after the welding is finished, whilst all the while taking the precaution of not 
priming the arc on it so that there is no copper inclusion, which may cause cracks.  

The disadvantage of welding on only one accessible side using a back plate is 
that it may produce notching effects in the root area, so it is not suitable for fatigue 
loads. Although the welding is done on one side, as is the preparation of V-shaped and 
U-shaped edges, it is advisable to put a back chord on the root (backing chord) once it 
has been cleaned up.  

77.5.9.3.  Back gouging  

For all full penetration butt welding with accessible sides in execution classes 3 
and 4, the root should be cleaned up before the sealing chord or the first chord on the 
back is applied. This cleaning up may be done using the slot for the arc air torch, or 
chiselling with rounded tools and honing.  

This must be done to a sufficient depth to ensure that input material deposited 
previously penetrates the cleaned metal. Cleaning up should follow a U-shaped 
groove, with the sides easily accessible for the welding.  

77.5.10.  Slot welds  

Slot welding is used to join sheets using angle chords placed at the edges of 
button holes made in the outstanding sheet. The arrangement and dimensions of such 
button holes shall be specified.  

The slots may be square, oval or circular in shape. The recommended width must 
not be greater than double the thickness of the sheet, nor greater than seven times that 
thickness within reasonable bounds, depending on the number of button holes, any 
mutual separation, and the edges that allow the welding to be executed easily.  

It is not recommended to use this type of joint in structures that are subjected to 
fatigue or dynamic loads (classes 3 and 4).  

Unless otherwise specified, not all of the free space needs to be filled by the weld 
after the angle chord has been applied to the contour. This type of finish, which is 
called plug welding, is more harmful, if such a thing is possible, than fatigue or dynamic 
loads, and may only be applied once the angle chord on the contour has been 
inspected.  

77.5.11.  Stud welding  

Studs (connectors) shall comply with UNE-EN ISO 13918 and be located in areas 
without rust, lamination scale and grease. Where the surface is painted, the paint is to 
be taken off and removed completely, unless the welding process has been qualified 
by this special protection system.  

The studs may be welded through cold-formed, corrugated sheet steel on beams 
that meet the following requirements:  
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– non-galvanised corrugated sheets shall have a nominal thickness of less than 
1.5 mm;  

– galvanised corrugated sheets shall have a nominal thickness of less than 
1.25 mm and a nominal galvanised thickness of no more than 30 microns on 
each side;  

– the areas where the studs are to be welded, including beneath and between 
corrugated sheets, must be dry and free of any condensation;  

– the sheets must be in the closest possible contact with the beams when they are 
welded. The welding process must be qualified for a maximum limit clearance. 
Clearances in excess of 2 mm are not acceptable under any circumstances;  

– unless the welding process provides for this option, welding done in areas where 
sheets overlap or if it affects the edges of such areas is not acceptable;  

– studs shall be concentrated within a sheet or even alongside it, as an alternative, 
if there is a small stiffening rib in the middle.  

77.5.12.  Treatment after welding  

For structures that are subject to fatigue loads, it may be beneficial to apply 
attenuation procedures for residual stress by means of heat treatment. In this case, the 
Builder must show in the welding plan that the proposed treatment is in accordance 
with the Special Technical Specifications.  

77.5.13.  Straightening  

In order to comply with the tolerances, or for aesthetic reasons, distortion may be 
corrected, both under cold conditions using a stamp or roller machines, and under hot 
conditions by using flames to apply heat locally. In this case, the maximum temperature 
that the steel will achieve and the cooling procedure must be established beforehand.  

77.5.14.  Execution of welding at the workshop  

The projection of erratic sparks from striking the arc must be avoided and, where 
such sparks are produced in classes 3 and 4, the surface affected must be ground and 
inspected. Weld projection and spatter must also be avoided, and removed if it does 
occur. For each run, dross shall be removed and any defects that emerge on the 
surface must be rectified before  deposition of further runs .  

The welding plan must consider what steps to take in order to repair defective 
welds and to rectify and grind the weld surface finish.  

77.6.  Welding acceptance criteria  

Members that comprise welds shall comply with the requirements specified in 
Section 80.  

Unless otherwise stated in the Special Technical Specifications, the welding 
approval criteria shall be based on UNE-EN ISO 5817. The quality levels in that 
standard are D (moderate), C (intermediate) and B (high), and depend on the severity 
and extent of the defects found. Table 77.6.a sets out the following levels for each 
execution class.  
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Table 77.6.a. Weld quality levels for the different execution classes 

EXC  1  Level D  

 EXC 2  Level C, in general,  except  level D for: 
undercut  (5011, 5012), overlap (506),  
stary arc (601) and  en d crater pipe  (2025)  

 EXC 3  Level B  

 EXC 4  Level B and additional requirements  

The additional requirements for execution class 4 are given in Table 77.6.b; this 
is because aspects relating to fatigue must be taken into account for this execution 
class. There is also a set of more stringent requirements that must be applied to bridge 
decks, both for welding executed at the workshop and welding executed on site. Such 
requirements are set out in EN 1090-2.  

Table 77.6.b. Additional requirements for execution class 4 

Imperfection designation   limit for imperfections 

Undercut  (5 011 and 5 012)  Not permitted  

Excessive surplus thickness (502)  < 2 mm  

Incorrect toe  (505)  < 165 º  

Internal pore or gas pores (2 011 to 2 014)  < 0.1 throat thickness; max. 2 mm  

Solid inclusion (300)  Width smaller than 0.1 throat 
thickness; max. 1 mm  
Length smaller than throat 
thickness; max. 10 mm  

Linear misalignment (507)  < 0.05 t; max. 2 mm  
Root concavity   (515)  Not permitted  

If any of the limits above are exceeded, a special evaluation should be 
performed. It will consider the function and stress level of the member affected, and the 
characteristics of the defect (type, size, location) in order to decide whether the weld 
may be acceptable or if it needs to be repaired. Such an evaluation may be done by 
means of a calculation in order to decide whether the weld is either acceptable or shall 
be repaired. 
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CHAPTER XVII.  EXECUTION ON SITE  

Section 78.  Assembly  

78.1.  Site conditions  

Assembly of the structure shall begin when the requirements in the safety plan 
are met. Among other things, these include the following items: 

– car parks and loading bays, machinery in general and warehousing; 

– access routes to the site and within the site;  

– installation of cranes; 

– preparation of ground with regard to soil, surface drainage and slope stability 
conditions, if relevant; 

– checking of services affected, including underground pipes, aerial cables and 
any other physical determining factors; 

– checking to see whether the largest and heaviest parts can be delivered onto the 
site;  

– adjacent zones affected by assembly; 

– weather and environmental conditions; 

– checking of ground conditions that allow any movement to be predicted or 
corrected, such as settling of column bases or turning of wall facings during 
erection Activities before or after assembly  should  also have a compatible 
safety plan, irrespective of their nature (excavation, concreting, finishing, 
covering, flooring, installations, etc.). Coordination of the various activities must 
in particular taking the following into account: 

– availability of services;  

– the value of construction loads during the various phases of the work, including 
possible warehousing areas;  



 TITLE 6 page 21 

– control of concrete placement. 

78.2. Assembly programme  

The assembly programme shall be prepared by the Builder, and must be 
approved by Project Management before commencement. However, the Special 
Technical Specifications must include a preliminary assembly method that is adequate 
for the resistance properties of the structure during the various phases. This will help 
the Builder to draw up the final assembly programme.  

This preliminary programme should take the following into account: 

– the location of nodes and splices; 

– maximum bar lengths; 

–  sequence of erection; 

– provisional stability, including shoring and restraints; 

– conditions for removal of shoring and restraints; 

– parts with reduced lateral non torsional stability and moment during assembly, 
which require special hoisting or handling;  

– execution of column bases and supports with regard to tamping base plates with 
mortar;  

– cambers and alignments in expansion joints;  

–  use of profiled steel sheets to ensure  to stability; 

– the possibility that execution loads will exceed those in the design. 

When drawing up the final assembly plan, the Builder may modify the indications 
in the preliminary plan and introduce other methods or systems that it did not consider, 
wherever this is justified to Project Management using calculations or references to 
similar works. In any case, it must be ensured that the plan is compatible with the other 
stipulations in the Special Technical Specifications and that adopting such a 
programme would not entail any financial deviation from the estimated budget. 

In addition to the requirements listed above, the programme should also provide 
details on the following points:  

sequence of erection, with activity times and dates based on the start and end of 
each one, including the necessary coordination for preparation at the workshop and 
transportation to the site;  

– equipment for each phase, including cranes; 

– personnel, specifying their professional qualifications; 

– special precautions against weather conditions that could prevail during 
assembly. 

This document shall be consistent with the health and safety plan. It must include 
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the blank assembly executed at the workshop so as to ensure that all the parts are as 
intended, as well as all auxiliary construction members that are necessary for 
assembly, such as provisional centring, shoring or restraints. 

78.3.  Supports  

78.3.1.  Setting out and suitability of supports 

All foundations, both column foot and slabs or anchor blocks, must have been 
inspected beforehand, including anchor bolts that are embedded in them, so as to 
ensure that their position and alignment are in accordance with the drawings.  

It is advisable that embedded bolts should have a certain clearance so as to 
allow for slight displacement thus making it easier to insert them into support base 
plates. To this end, boxing or sleeves may be used in the upper part of the foundation, 
with a width three times greater than the diameter of the bolts that they house.  

Care must be taken to ensure that the position of supports is not modified in 
excess of the tolerances, throughout assembly (see Section 80).  

Both the actual anchor bolts and the levelling blocks or wedges for base plates 
must be capable of supporting the assembled structure, before they are tamped with 
levelling mortar. If the temporary members are embedded, it must be ensured that their 
durability is equal to that of the structure and that they retain a minimum coating of 25 
mm. 

78.3.2.  Concreting 

The space between the base plate and foundation must be concreted using 
cement mortar or special non-shrinking mortar. A minimum thickness of 25 mm is 
recommended, as well as ensuring that filling can be done easily and that there is 
sufficient space to position and handle the wedges or lower nuts for levelling. 

The mortar shall be poured in as quickly as possible once the columns and 
beams immediately above them are correctly plumbed and aligned. The material must 
not be mixed or used at temperatures lower than 0ºC unless the Manufacturer has 
instructed otherwise. In any case, adequate fluidity for filling all the space completely 
must be obtained.  

Any residual grease, ice or dirt must be removed beforehand. For base plates 
with dimensions in excess of 400 mm, it is advisable to have ventilation openings of 50 
mm to facilitate penetration of the product. 

In the case of fixed-ended supports in column foot with calyx-type receptacles, 
the concrete or filling mortar must have a characteristic strength not less than that of 
the foundation. In its initial position, the concrete must cover two-thirds of the fixity 
length. It must not be subjected to any additional loads as long as the concrete does 
not reach half its characteristic resistance. Final execution shall be completed by 
concreting for the last third. 

78.4.  Erection 

78.4.1.  Erection drawings 

The assembly drawings for the structure shall be drawn up on the basis of the 
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workshop drawings. They shall be prepared showing the drawings and elevations at 
such scale that the erection marks for all components can be shown on them. 
Drawings shall show the members and their joints, as well as any special tolerances. 
Foundations drawings must provide details of the position and orientation of the base 
plates and any other members that are in direct contact with the concrete. 

They shall show the setting out of each plane. The number, type, diameter and 
position of the anchor bolts shall be shown in the base plates, as well as the clearance 
to be filled by levelling mortar. 

Any temporary members, such as bracing, ladders or temporary access, must be 
included in the assembly drawings. 

Drawings shall show the weight of all components or assembly over 50 KN and 
centre of gravity of all large irregular pieces  

78.4.2.  Marking  

Marking methods must comply with subsection 75.3.1. In some cases where the 
orientation cannot be deduced or where there is a risk of error caused by inversion of 
forces in the parts or structural subsets, they should  be marked with its erected 
orientation (internal/external; face up/down; upper/lower, etc.). 

For serial production using identical members in all respects, the assembly 
marking may be repeated. 

78.4.3.  Handling and storage on site 

Handling and storage on site must be carried out so as to minimise the risk of 
damage to members. Particular attention should be paid to lifting for unloading and 
hoisting operations. 

Any damage that may be sustained by any member affected by its tolerances, 
protective coating or joints should be repaired. 

Bolts, fixing members, covers and accessories must be adequately packaged 
and identified. 

78.4.4.  Trial erection 

For complex structures, or even where there is desire to ensure proper, adjusted 
assembly on site, the Special Technical Specifications may require blank assemblies to 
be made at the workshop, in accordance with subsection 75.4. The Builder may include 
the blank assembly in the final assembly programme mentioned in subsection 78.2, in 
order to evaluate the time required for or the duration of complex assembly operations. 

78.4.5.  Erection methods 

The erection of the steel structure shall be assembled in conformity with the 
assembly programme mentioned in subsection 78.2. The resistance and stability of the 
site must be ensured throughout the process. 

For buildings, it is advisable to start assembly with the rigid cores that make the 
whole structure immovable and give stability to the parts that are assembled 
afterwards.  
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Anchor bolts at column bases that do not have fixed ends must be considered 
ineffective. This is in order to avoid overturning, unless it has been checked using a 
calculation. 

The effect of execution loads, including the weight of personnel and equipment, 
must be anticipated during assembly, as well as the action of wind on the unfinished 
structure.  

Provisional bracing or stiffening must be maintained until the assembly is 
sufficiently advanced, so that they may be removed without compromising safety.  

It may be necessary, in very tall buildings or structures, to release the bracing 
from the effects of heavy loads so that construction may progress. In such cases, 
which must be stated explicitly in the Special Technical Specifications and considered 
in the structure's design, it is possible to release only one panel each time and use 
other provisional, alternative bracing where necessary.  

The Special Technical Specifications apply to temporary member joints. Such 
joints must be made so that they do not limit either resistance or the service capacity of 
the final structure.  

If the erection procedure involves rolling or otherwise moving the structure or part 
thereof to its final position, provision shall be made to control braking of the moving 
mass, and preferably to take action by reversing the direction of movement may need 
to be considered.  

All temporary anchoring devices shall be secured against unintentional release.  

The Builder shall be responsible for ensuring that no part of the structure is over-
stressed or distorted by the warehousing of materials or assembly loads throughout 
construction.  

78.4.6.  Alignment  

Each part of the structure must be aligned, levelled and adjusted as soon as 
possible after they have been assembled; their joints must be made immediately 
afterwards. 

If such joints are final, it must be ensured that their execution does not 
compromise the adjustment, levelling or plumb of subsequent members. 

Levelling nuts, wedges and lining may be used to align and adjust the structure. 
Where there is a risk of wedges being displaced, they may be welded. In such case, 
they must be made of steel and have a minimum thickness of 4 mm where they are 
used externally.  

Where it is not possible to correct assembly or adjustment errors by means of 
wedges in the form of blocks or lining, the manufacture of members must be 
adequately modified, and the changes must be made in the assembly drawings.  

Particular attention should be paid to ensuring that the adjustment is not forced if 
this would introduce forces in bars that have not been considered by the structure 
design. 

The possibility of having oversized or pierced holes in order to facilitate assembly 
must be considered. 
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Section 79.  Surface treatment 

79.1.  General  

This Section shall apply both to structures treated off-site and on site. The 
Special Technical Specifications must define the corrosion resistance protection 
system and the additional requirements for achieving service conditions according to 
the working life of the structure (see subsection 5.1) and the maintenance plan (see 
Section 94), considering the level of atmospheric corrosion and the class of exposure 
of the different members.  

With regard to the type of members and the detail of joints, the design must avoid 
areas where moisture and dirt may be deposited, both in internal members and in 
external structures. 

Particular care should be taken with drainage for covers and fronts, so that the 
structure is protected as well as possible. 

The Special Technical Specifications shall consider an adequate protection 
system for the members on the outside. 

In conjunction with this, fire protection treatment (see Chapter XII) shall also be 
considered, since the requirements for this may define a degree of corrosion protection 
that is much higher than is strictly necessary, particularly in the case of intumescent 
coatings and grouting. 

In case of painting, the Special Technical Specifications must define the 
treatment system, and provide details of at least the following aspects: 

– preparation of surfaces; 

– type and thickness of the  against corrosion prime coat; 

– type and thickness of intermediate coats; 

– type and thickness of the top coat and retouching. 

The project budget should state clearly whether the cost of the steel structure 
includes the protection system. 

If so, the list of unit prices must state the specific protection system for each item 
(particularly on sites where preparation and painting are done off-site). 

For coats of paint applied on site, it is possible to estimate them according to their 
area, instead of using the total weight of the steel; in this case the estimate shall be 
made according to the surface of each specific section. 

79.2.  Preparation of steel substrates  

All surfaces to which paints of are to be applied shall be prepared cleaned and 
prepared for treatment with the corresponding paint. In principle, dirt, lamination scale, 
residual dross from welding, grease and surface moisture must be removed. If there 
are any previous coats, they must also be removed. 
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The applicable standard is UNE-EN ISO 8504-1, and UNE-EN ISO 8504-2 for 
blast cleaning and UNE-EN ISO 8504-3 for mechanical and manual cleaning. 

The preparation methods should achieve the degree of roughness defined in the 
Special Technical Specifications in accordance with UNE-EN ISO 8503, parts 1 to 5. 
Permanent blast-cleaning facilities should be inspected on a regular basis. In order to 
facilitate such inspections, it is necessary to know the initial state of the surface, in 
accordance with UNE-EN ISO 8501-1.  

Surfaces on site must be prepared under environmental conditions that do not 
compromise the quality of the finish. It should therefore be avoided, when relative 
humidity exceed than 85 % or low temperatures that may produce condensation. The 
temperature of the substrate to be painted must be 3 ºC above the dew point 
temperature. Suitable precautions must be taken to ensure that other surfaces are not 
damaged.  

Where surfaces are prepared at the workshop using abrasive methods, this must 
be followed by scrupulous removal of dust, in accordance with UNE-EN ISO 8502-3, 
and the application of a quick-drying primer that does not change the following phases. 

79.3.  Protection methods  

79.3.1.  Metalising  

This protection method is used by projecting pulverised zinc or aluminium in 
accordance with UNE-EN ISO 2063.  

Metalised surfaces must be treated with a special anti-corrosion primer that acts 
as a sealant and filler to avoid the formation of blisters before the paint is applied.  

79.3.2.  Galvanizing  

Protection through galvanizing consists of the formation of a zinc coating or 
zinc/iron alloys, by immersing parts and members made of iron and steel in a cast zinc 
bath at a temperature of 450 ºC. Such coatings are governed by standard UNE-EN ISO 
1461.  

When designing a member that is to be protected by galvanizing, it is important to 
consider of certain requirements that may be the dimensions of such members, which 
must adhere to the size of the galvanisation bath, although in some cases where the 
size of the part is greater than that of the baths available, the part may be partially 
submerged and then turned round so that the untreated portion may be treated.  

Preparation of the surfaces of the members that are to be galvanised must 
include cleaning all surface contaminants that cannot be removed by descaling, as is 
the case for grease, paint, welding dross, etc.  

UNE-EN ISO 14713 (Annex A) discusses various design questions in detail, 
which must be taken into account in order to achieve an adequate, good-quality 
coating.  

In the event that members have to be welded once they have been galvanised, 
or have been restored if they have minor galvanisation defects, it is possible to restore 
the area affected by the coating by means of thermal projection of zinc (in accordance 
with UNE-EN ISO 2063) or using a zinc-rich paint with a high content of metallic zinc in 
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the dry film (minimum 80 % by weight). The most suitable types of paint for this 
purpose are those that have epoxy binders of air-drying polyurethane (1 element) and 
air-drying ethyl silicate (1 element).  

If the protection system specifies any subsequent painting of galvanised 
surfaces, it is necessary for them to be adequately treated through degreasing followed 
by priming treatment to ensure adherence of the paint, in accordance with UNE-EN 
ISO 12944-4. Finally, base coat and top coat are applied, depending on the 
environmental corrosion, in accordance with UNE-EN ISO 12944-5 (Table A9).  

As a supplement to galvanisation, painting with powder and polymerisation in a 
furnace may be used in accordance with standards UNE-EN 13438 and UNE-EN 
15773.  

Members made from continuously galvanised steel sheets (thickness of up to 3 
mm; in accordance with UNE-EN 10346) must be specified at a thickness or mass of 
coating that is adequate for the environmental corrosion category in accordance with 
UNE-EN ISO 14713.  

79.3.3. Paint systems 

Paint must be applied in accordance with the data sheet supplied by the product’s 
Manufacturer.  

Check should be carried out beforehand to ensure that the surface state is as 
anticipated by the preceding phase, i.e. both the degree of cleaning and roughness in 
the case of a primer coat, and the sealing, compatibility and nature of the previous coat 
for subsequent coats.  

The separate paints that make up a painting system must be mutually 
compatible.  

It is advisable to use products from the same manufacturer. 

The site plan must set out the phases for applying the protection, paying due 
regard to the other activities. If painting is done on site, the members must be primed at 
the workshop to a minimum thickness that impedes incipient oxidation before assembly 
where there is a chance of prolonged warehousing or storage.  

In order to facilitate checks, it is advisable for each coat to have a different colour 
or shade, in accordance with UNE 48103.  

Once the surface has been executed and retouched, the drying and hardening 
period advised by the Manufacturer must be observed strictly, preventing any contact 
with water.  

79.4.  Special requirements  

Surfaces that are to be embedded in concrete do not require protection starting 
from 30 mm below the level of the concrete, wherever the surface of the concrete is in 
turn safe from carbonation processes. Only brushing is required to remove lamination 
scale, dirt and grease. If it is delivered primed from the workshop, no additional 
operations are required.  
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 Surfaces that are to transmit forces by friction and those that house pre-loading 
bolts shall satisfy the requirements for contact surfaces mentioned in subsection 76.8. 

Damage to or contamination of such surfaces must be avoided during 
transportation and assembly by using adequate cover of impermeable protection.  

Bolted joints must be inspected before paint is applied on site. 

Joints made by welding must be done on unpainted strips with a width of 150 mm 
or a coat of compatible primer. The weld and the adjacent part must be painted once all 
dross has been completely removed and the joint has been accepted. 

Areas and surfaces that are difficult to access after assembly should be treated 
before assembly Surfaces made of self-weathering steel, which is resistant to 
atmospheric corrosion by self-oxidation, must have an acceptable appearance after 
they have been exposed to bad weather. It may therefore be necessary to blast-clean 
them using pressurised water, in order to ensure a similar texture and uniform colour. It 
must be borne in mind that the self-protection mechanism that develops in steel of this 
type only works in alternating dry and wet cycles, and wherever there is no acidic or 
saline atmospheric pollution. The design must adopt the construction details necessary 
to prevent any runoff of oxide due to rainwater from affecting the rest of the 
construction. It must be taken into account that this type of steel may use different 
passive fire protection systems as steel in UNE-EN 10025.  

The Special Technical Specifications shall state whether or not closed beams or 
hollow sections require internal treatment. In the event that water tightness is ensured 
by structural welding or even by seal welding at ends, it shall be considered that the 
internal space will be protected once such welding has been accepted. Seal welding 
only requires a visual inspection. Special precautions must be taken concerning the 
water tightness of fixing members that may go through members in box girders or 
sealed sections.  

Closed beams and sections are also protected by their internal surfaces where 
they are protected by galvanizing, which also renders it unnecessary to seal the 
extremities.  

79.5.  Protection of fixing members 

Fixing and anchor members must be supplied with adequate protection for their 
environmental exposure class. 

The most suitable protection for fixing members that are to be used in structures 
protected by galvanisation or thermal projection of zinc is also galvanizing in 
accordance with UNE-EN ISO 1068, so as to ensure there are no joints with possible 
signs of corrosion caused by galvanic couples. 

Any additional protection that is to be applied on site shall be applied once the 
joint has been inspected. Anchor bolts do not require any treatment unless otherwise 
stipulated in the Special Technical Specifications.  
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CHAPTER XVIII. TOLERANCES  

Section 80. Tolerance types  

Tolerances are classified as: 

– normal tolerances; (functional) 

– special tolerances. (essential) 

Normal tolerances are those that are specified in this Code. The permitted 
deviations given must not be exceeded under any circumstances, since doing so would 
compromise the resistance and stability of the structure, bearing the essential 
tolerances in mind.  

The tables further on show other, stricter, deviations within the maximum 
permitted deviations, compliance with which would allow 1.00 instead of 1.05 as the 
partial safety factor for γM0 and γM1 for all types of structure other than bridges. 

The special tolerances are stricter, and apply to cases where requirements 
relating to adjustment, finish, aesthetic appearance or operating conditions have to be 
met. In special cases for assembly, or in order to increase safety or serviceability of 
structural members, it may be necessary to use special tolerances.  

The Special Technical Specifications must give the design tolerances. In the case 
of special tolerances, it is necessary to stipulate to which members the tolerances 
apply.  

80.1.  Normal tolerances. General  

The normal tolerances are given in the tables in this Chapter. It must be 
understood that these are requirements for final acceptance of the structure; the 
tolerances of pre-fabricated members that are fitted on site are therefore subject to the 
final check on the executed structure.  

If the permitted deviation limits (the tolerance value) result in non-compliance, 
they should be dealt with in accordance with Chapters XIX to XXII of Title 8, “Controls”, 
of this Code.  
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An uncorrected deviation from the essential tolerances may be justified by 
redesigning the structure, explicitly including the deviation value.  

Tolerances for measurements or dimensions and the shape of flat steel products 
obtained from cold-forming are given in UNE-EN 10131:2007.  

The deviations permitted for straight sections of hot-finished structural members 
are those specified in the following standards: UNE-EN 10024, UNE-EN 10034, UNE-
EN 10051, UNE-EN 10056-2, UNE-EN 10079, UNE-EN 10279, UNE 36559, UNE-EN 
10210-2.  

The deviations permitted for straight sections of cold-finished structural members 
are those specified in standard UNE-EN 10219-2.  

80.2. Normal tolerances. Manufacturing 

Where standard products are added to a member, the stricter tolerances shall 
apply to the assembly. Every single product must comply with its own relevant 
standard: 

a)  the standards for beams in the case of reinforced sections welded to rolled 
profiles;  

b)  standard UNE-EN 10162 for cold-formed profiles. Table 80.2.a applies to press 
manufacture; 

c)  Tables 80.2.b and 80.2.c for manufactured members; 

d)  shells of revolution in accordance with the specific execution classes for this type 
of structure in accordance with EN 1993-1-6 shall have the tolerances given in 
Annex D to EN 1090-2; 

e)  the permitted deviation is 2 mm for the position of bolt-holes, both individually and 
as a group; 

f)  Table 80.2.d for cold-formed ribbed sheets.  
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Table 80.2.a. Essential manufacturing tolerances cold-formed profiles  

No  Criterion  Parameter Permitted deviation 
1  

Internal elements width   

 

Width A between bends   

-Δ=A/50 
(note  negative sign) 

Stricter deviation: 

│Δ│=A/80 

2  
l “outstand element width  

 

Width B between a bend  and 
free edge  

-Δ=B/80 
(note negative sign) 

Stricter deviation: 

│Δ│=B/100 

3  Flatness  

 

Convexity or concavity  

│Δ│=D/50 

Stricter deviation: 

│Δ│=D/80 

4  

Straightness of compressed parts  

 

Eccentricity Δ  

│Δ│=L/750 

Stricter deviation: 

│Δ│=L/1 000 
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Table 80.2.b. Essential manufacturing tolerances Welded profiles  

No  Description Parameter Permitted deviation 
1  

Depth  

Overall depth  

-Δ=h/50 
(note negative sign) 

Stricter deviation: 

-Δ=h/100 

2  

Flange  

 width:  

B1 or b2 

-Δ=b/100 
(note negative sign) 

Stricter deviation: 

-Δ=h/150 

3  

Squareness at bearings 

 

Total web eccentricity for 
components  without bearing 
stiffners   

│Δ│=h/200 

but │Δ│≥ tw 

Stricter deviation: 

│Δ│=h/300 

4  
Section dimensions 

 

External or internal dimensions 

where b=b1 b2 b3 or b4 

-Δ=b/100 
(note negative sign) 

Stricter deviation: 

-Δ=b/150 
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Table 80.2.b. Essential manufacturing tolerances for reinforced beams 

No  Description Parameter Permitted deviation 
1  Edge 

 

Total edge h: 

-Δ=h/50 
(note negative sign) 

Stricter deviation: 

-Δ=h/100 

2  Width 

 

Flange width: 

b1 or b2 

-Δ=b/100 
(note negative sign) 

Stricter deviation: 

-Δ=h/150 

3  Perpendicularity of supports 

 

Total web eccentricity for 
members without stiffened 
supports 

│Δ│=h/200 

but │Δ│≥ tw 

Stricter deviation: 

│Δ│=h/300 

4  Width 

 

External or internal 
dimensions 

where b=b1 b2 b3 or b4 

-Δ=b/100 
(note negative sign) 

Stricter deviation: 

-Δ=b/150 
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5  

Plate curvature 

 

Deviation over plate height b 

│Δ│=b/100  

but │Δ│≥ tw  

Stricter deviation: 

│Δ│=b/150 

6  Web distortion  

 

Deviation Δ on gauge length L 
equal to plate length web b 

│Δ│=b/100  

but │Δ│≥ tw  

Stricter deviation:  

│Δ│=b/100 
7  Web undulation  

 

Deviation Δ on gauge length L 
equal to plate length b 

│Δ│=b/100  

but │Δ│≥ tw  

Stricter deviation:  

│Δ│=b/150  

N.B. Notations such as │Δ│=b/100 but │Δ│≥ tw mean that the larger of the two values is permitted  
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Table 80.2.b (continued). Essential manufacturing tolerances Flanges of welded 
profiles  

N
o   Parameter  Permitted deviation  

8  Flange distorsion of  in I sections  

 

Deviation on gauge n Δ  

 length L 

 where L= flange width b 

│Δ│=b/100  

No more stricter deviation is 
required.  

9  Flange undulation of  I sections  

 

Distortion on gauge  Δ  
length L 

 where L= flange width b 

│Δ│=b/100  

No more stricter deviation is 
required.  

10  Out of plane imperfection of plate panels  between 
webs or stiffeners  (general case)  

 

 Distortion Δ  perpendicular 

to the t plane of the plate 

if a≤2b 

if a>2b 

│Δ│=a/250  
│Δ│=b/125  

No more stricter deviation is 
required.  

11  Out of plane Imperfections of the plate panels   
between webs or stiffeners  (special case with 
transverse compression) The general case applies 
unless this special case is specified 

 

 Distortion Δ  perpendicular 

to the t plane of the plate 

if b≤2a 

if b>2ª 

│Δ│=b/250  

│Δ│=a/125  

No more stricter deviation is 
required.  
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12  Straightness for components to be used 
unrestrained  

 

Deviation y Δ from 
straightness 

│Δ│=L/750  

Stricter deviation:  

│Δ│=L/1000  

Table 80.2.c. Essential manufacturing-stiffened plating tolerances for  

 
Longitudinal stiffeners in longitudinally stiffened 

plating 

 
Transverse  stiffeners in longitudinally and 

transversely plating 
    

No Criterion  Parameter Permitted deviation 
1 

Straightnessof 
longitudinal stiffeners 
in longitudinally 
stiffened plating 

Deviation 
perpendicular to the 
plate 

 

│Δ│= a/400 

Stricter deviation: a/500 

2 Deviation parallel to 
the plate 

 

│Δ│= a/400 
Stricter deviation: a/500 

3 

Straightness of 
transvers stiffeners in 
Transversely and 
longitudinally stiffened 
plating 

Deviation 
perpendicular to the 
plate 

 

│Δ│= a/400 
│Δ│= W400 

Stricter deviation: a/500 
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4 Deviation parallel to 
the plate 

 

│Δ│= b/400 

Stricter deviation: a/500 

5 Alignment of beams or 
transversal stiffeners 

Relative difference in 
level between 
contiguous stiffeners 

 

│Δ│= a/400 

Stricter deviation: a/500 

 

Table 80.2.d. Essential manufacturing tolerances for cold-formed profiled sheets 

N
o  

Criterion  Parameter  Permitted deviation  

1  Flatness of unstiffened or stiffened 
flanges or webs,  

 

Deviation Δ from flatness 
of nominally flat element  

│Δ│≤b/50  

Stricter deviation:  

│Δ│=b/80  

2  Curvature of flanges or webs  

 

Deviation Δ from 
intended shape of e web 

or flange over  curve 
width  b 

│Δ│≤b/50  

Stricter deviation:  

│Δ│=b/80  

 

80.3. Normal tolerances. 

Erection Deviations in fitted members should be measured relative to a grid of 
predetermined fixed points.  

No deviation more than ± 6 mm is permitted for the centre of a group of anchor 
bolts or other type of support base.  

The centre of a pillar or column may not deviate by more than ± 5 mm from its 
theoretical plane position.  

It is advisable to have bolt-holes in the base plate with adequate clearance 
(pierced or of larger diameter) in order for this requirement to be met more easily. In 
such case, larger washers must be used.  
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The level of the base plates may not deviate by more than ± 5 mm.  

The tolerances for the assembly of pillars are given in Tables 80.3.a and 80.3.b.  

The arithmetical mean value of 6 contiguous pillars in a building with several 
planes must comply with Table 80.3.b in both directions (orthogonal frames).  

In a group of 6 pillars that comply with this tolerance, an individual deviation of 
h/100 may be permitted.  

The deviation between lines of adjacent pillars shall be within the tolerance of 
± 5 mm of theoretical dimension.  

This theoretical grid shall be set out before assembly commences.  

Where it is anticipated that the groups of bolts will be displaced or misaligned 
from the theoretical lines, the deviation of ± 6 mm shall apply to displacement in 
relation to the network of pillars thus formed.  

The length standing out from an anchor bolt (in its optimal adjustment position, if 
it can be adjusted) shall be vertical to within a range of 1 mm to 20 mm. A similar 
requirement shall apply to a set of horizontal bolts and other angles.  

Holes for settling and fixing plates shall be designed bearing in mind the 
clearances consistent with the permitted deviations for the bolts.  

Pillars adjacent to lift shafts may require special tolerances.  
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Table 80.3.a Essential erection- Single storey columns tolerances  

No  Criterion  Parameter  Permitted deviation  

1  Inclination of any column 
that supports a crane 
gantry a track  

 

Inclination from floor level 
to bearing of crane beam  

│Δ│=h/1 000  

No more stricter deviation 
is required.  

2  Inclination of pillars for 
frames without bridge 
cranes  

 

Most unfavourable 
inclination of the pillars for 
each frame 

Δ=(Δ1+Δ2)/2 

│Δ│=h/500  

No more stringent deviation 
is required.  

3  inclination of single- storey 
columns generally 

 

Overall inclination in storey 
height h  

│Δ│=h/300  

Stricter deviation:  

│Δ│=h/500  

4  straightness of a single 
storey column 

 

Location of the column in 
plan, relative to a straight 
line between position points 
at top and bottom: 
Generally 
structural hollow sections 
Deviation Δ 

│Δ│=h/750  

Stricter deviation:  

│Δ│=h/1 000  
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Table 80.3.b. Essential erection – Multi-storey columns tolerances  

No  Criterion  Parameter  Permitted deviation  

1  Combined inclination  

 

Overall inclination in 
relation to their base 

 
 

No more stricter deviation 
is required.  

2  Inclination of a column   
between adjacent storey  levels  

 

Overall inclination in 
relation to the bottom 

│Δ│=h/500  

No more stricter deviation 
is required.  

3  Straightness of a continuous 
column  between adjacent 
storeys  

 

Maximum eccentricity in 
relation to the directrix 

│Δ│=h/750  

Stricter deviation:  

│Δ│=h/1 000 

4   straightness of a spliced 
column with links between 
adjacent storeys levels  

 

Eccentricity in the link in 
relation to the directrix 

│Δ│=h/750  

Stricter deviation:  

│Δ│=h/1 000  

80.3.1.  Total contact supports  

Where a total contact support is specified, the surfaces shall be arranged so that 
when the support and bars that are in contact are aligned locally within an angular 
deviation of 1 in 1 000, the maximum clearance between the contact surfaces shall not 
exceed 1 mm locally, nor shall it exceed 0.5 mm throughout at least two-thirds of the 
contact area, as shown in Table 80.3.1.a.  



 TITLE 6 page 41 

Where the size of the clearance exceeds the specified limits but is not less than 
6 mm, wedges or blocks may be used to reduce such clearance to the permitted 
deviation limits. The wedges shall be made of rubber tyres or strips of mild steel (with 
low carbon content).  

Table 80.3.1.a tolerances contact  

No  Criterion  Parameter  Permitted deviation  

1  

 
j) 

Local angular misaligment  
where h is the height of the 
storey 

│Δθ│=h/500  

No more stricter deviation is 
required.  

2  

 
Gap at x 

│Δ│=0.5 mm  

 over at least two-thirds of the 
c area, and  a local maximum 
of 1 mm  

No more stricter deviation is 
required. 

80.4.  Normal tolerances for bridges  

Supports/piles for bridges shall comply with a tolerance of ± 5 mm on the vertical 
and the plane. 

The webs of main beams shall comply with a tolerance of edge verticality/300.  

Other tolerances specific to bridges are given in Table 80.4. 
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Table 80.4. Functional erection tolerances f bridges 

No  Criterion  Parameter  Permitted deviation  
1  Span length  Deviation Δof distance 

between two consecutive 
supports, measured on 
top of upper flanges 

Δ =  3 L /1 000  

2 elevation or plan profile 
bridge 

Deviation Δ from nominal 
profile adjusted for as-
built levels of supports 

L ≤ 20 m: 

L > 20 m: 

│Δ│=L/1 000 

│Δ│=L/2 000+10 mm≤35 mm 

3 
 Fit-up of orthotropic decks 
of thickness T after erection 

Gauge length: L 

 
Deviation: Pr 

Slope : Dr 

 

Difference in level at 
junction: 

T ≤ 10 mm:  
10 mm < T < 70 mm:  

T > 70 mm: 

Slope at 
junction T ≤ 
10 mm:  

10 mm < T < 70 mm: 

T > 70 mm: 

Flatness in all  direction:  
T ≤ 10 mm; 

T > 70 mm;  
General case:  
Lengthwise: 

N.B.  values for Pr may 
be interpolated  for  
10 mm <T ≤ 70 mm: 

 

 

Ve= 2 mm 

Ve= 5 mm 

Ve= 8 mm 

 

Dr = 8 % 

Dr = 9 % 

Dr = 10 % 

 

Pr = 3 mm over 1 m* 
Pr = 4 mm over 3 m* 
Pr = 5 mm over 5 m* 

Pr = 5 mm over 3 m* 

Pr = 18 mm over 3 m* 

(*) gauge length 

4 Orthotropic deck welding 

 

Protusion kness Ar of 
weld above surrounding 
surface 

Ar = +1 / -0 mm 
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80.5.  Special tolerances  

For special tolerances, it is recommended that the supplementary tolerances in 
Annex D to EN 1090-2 be followed. These set out two levels or classes for 
manufacture and assembly.  

It should be stated to which members the tolerances apply, since they may be 
used for a single member or also a set. 

In some cases where Annex D is cited without specifying the tolerance class, it is 
to be understood as meaning tolerance 1, which is less strict than class 2. 

An example of tolerance class 2 being applied is where a glazed facade is 
assembled, so as to reduce clearances and improve adjustment. 

It should be keep in mind that, in order to specify the supplementary tolerance 
class (especially class 2), the beams and lintels of moving frames may have relatively 
large deflection and shift.  

Apart from bars that are subjected to dynamic forces, the applicable tolerance 
may be one five-hundredth of its length. 
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TITLE 7.  CONTROLS  

CHAPTER XIX.  GENERAL BASES FOR 
CONTROLS  

Section 81.  General criteria for controls  

Project Management, representing the Owner, must conduct sufficient control 
tests for structure compliance with the requirements for which it has been intended and 
designed.  

Where the Owner decides to carry out a control on the structure's design, he may 
check its compliance in accordance with Section 85.  

During the execution of the works, Project Management shall carry out the 
following controls:  

– control on compliance of the products supplied to them, in accordance with 
Chapter XXI; 

– control on the execution of the structure, in accordance with Chapter XXII.  

This Code sets out a series of checks that allow the above controls to be carried 
out. However, Project Management may also opt for:  

– other control options, under their supervision and responsibility, wherever they 
consider these to be equivalent and do not assume any decrease in the level of 
guarantee for the user;  

– an equivalent control system that improves the minimum guarantees for the user 
as set out in this paragraph, for example by means of using materials and 
products that have quality features that are officially recognised as complying 
with Annex 10, for which the special considerations specified for them in this 
Code may apply.  

In any case, it must be understood that decisions deriving from the control are 
conditional upon proper functioning of the structure throughout its working life as 
defined in the design.  
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Wherever so permitted by the relevant legislation, the cost of the reception 
control included in the design must be considered independently in the budget for the 
works.  

81.1.  Definitions  

For the purposes of the control activities discussed in this Code, the following 
definitions shall apply:  

– Item: quantity of product of the same name and origin contained in the same 
transportation unit (container, lorry, etc.) and received at the site or the place 
intended for its receipt;  

– Consignment: set of products (partly or fully prefabricated members) of the same 
origin, individually identified, contained in the same transportation unit (container, 
lorry, etc.) and received at the place where receipt takes place; 

– Warehousing: quantity of product, coming from one or more items or 
consignments, stored jointly after their arrival on the site and until they are finally 
used; 

– Product batch: quantity of product subjected to receipt as a set; 

– Execution batch: part of the works, the execution of which is subject to 
acceptance as a set; 

– Inspection unit: set of activities corresponding to the same execution process, 
and subjected to control for the receipt of an execution batch. 

81.2.  Quality control players  

81.2.1.  Project Management  

Project Management, in the performance of its duties and acting on behalf of the 
Owner, shall have the following control obligations: 

– to approve a quality control programme for the works, which shall include 
preparation of the monitoring plan included in the design; and  

– to ensure that control activities are developed and validated in the following 
cases:  
– receipt control of products that arrive at the site; 
– execution control; and  
– where relevant, receipt control for products that arrive at the site in order to be 

transformed at the site's facilities.  

Project Management may also require additional justification of compliance of the 
products used at any industrial facility that supplies products to the site. They may also 
decide to conduct checks, take samples, perform tests or inspections on such products 
before they are transformed, in order to avoid any additional costs related to carrying 
out such checks and tests on members that have already been transformed.  

In the field of building, in accordance with Section 13 of Act 38/1999 of 5 
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November 1999, on Building Arrangements, these are obligations for the Director of 
Execution.  

81.2.2.  Quality control laboratories and bodies  

The Owner shall entrust the performance of control tests to a laboratory that 
complies with subsection 81.2.2.1. He may also entrust quality control bodies with 
other technical assistance activities relating to control of the design or the products 
used in the works, in accordance with subsection 81.2.2.2. Where relevant, the taking 
of samples may be entrusted to any players referred to in this subsection, wherever 
they have the corresponding accreditation, unless this is not required in accordance 
with the specific regulations in force.  

Quality control laboratories and bodies must be able to demonstrate their 
independence in relation to the other players involved in the works. Before the works 
begin, they shall make a declaration to the Owner, signed by a natural person, 
guaranteeing such independence. Project Management must incorporate the 
declaration into the final documentation for the works.  

81.2.2.1.  Control laboratories  

The tests conducted to check compliance of the products when they are received 
at the site in accordance with this Code shall be entrusted to private or public 
laboratories with sufficient capacity and which are independent of the other players 
involved in the works. Such independence shall not be a necessary condition in the 
case of laboratories that belong to the Owner.  

Private laboratories must justify their capacity for the corresponding tests by 
means of accreditation obtained in accordance with Regulation (CE) 765/2008 of the 
European Parliament and the Council, of 9 July 2008, and for what is not considered in 
such Regulation and whenever it does not contravene the former, in accordance with 
Royal Decree 2200/1995 of 28 December 1995, or in accordance with Royal Decree 
410/2010 of 31 March 2010.  

Control laboratories with sufficient capacity that belong to any of the Government 
Directorates with competence in the field of building or public works may also be used.  

In the event that a laboratory cannot carry out one of the tests established for 
control using its own resources, it may subcontract the test to a second laboratory, 
subject to the approval of Project Management, wherever the latter laboratory can 
demonstrate its independence and that it has sufficient capacity in accordance with this 
Section. Any laboratories situated on site must be connected to laboratories that can 
demonstrate that their capacity and independence comply with the preceding 
paragraphs of this subsection, and must be integrated into their corresponding quality 
systems.  

81.2.2.2.  Quality control bodies  

Reception control of products, execution control and, where relevant, design 
control, may be carried out using the technical assistance of quality control bodies with 
sufficient capacity and which are independent of the other players involved in the 
works. Such independence shall not be a necessary condition in the case of quality 
control bodies that belong to the Owner. 
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For building works, the quality control bodies shall be those referred to in Section 
14 of Act 38/1999 on Building Arrangements. Such bodies may justify their capacity by 
means of accreditation awarded by the Autonomous Governments for the areas of 
control set out in this Code.  

A public quality control body with sufficient capacity that belong to any of the 
Government Directorates with competence in the field of building or public works may 
also be used.  

Section 82. Conditions for compliance of the structure  

The structure shall be executed in accordance with the design and any 
modifications that are authorised and documented by Project Management. During 
execution of the structure, any documentation required by the regulations shall be 
drawn up and shall include, without prejudice to the provisions of other regulations, the 
documentation referred to in this Code.  

All activities connected to reception control may be performed in the presence of 
a representative of the player responsible for the controlled activity or product (the 
Designer, Supplier of materials or products, Builder, etc.). Where samples are taken, 
each representative shall obtain a copy of the corresponding certificate. Where there is 
any impact on reception owing to non-compliant test results, the Supplier or, where 
relevant, the Builder may request a copy of the corresponding control laboratory report, 
which shall be supplied by the Owner.  

82.1.  Control plan and programme  

The execution design for any steel structure must include an annex to the report, 
containing a control plan that identifies any tests that may result from it, as well as an 
estimate of the total costs of control, which shall be reflected as an independent 
chapter in the design budget.  

Before commencing control activities on the works, Project Management shall 
approve a control programme drawn up in accordance with the control plan defined in 
the design and considering the Builder’s plan. The control programme shall discuss at 
least the following aspects:  

– identification of products and processes that are subject to control, defining the 
corresponding control batches and inspection units, describing the tests to be 
conducted in each case and the criteria to be followed in the event of non-
compliance;  

– a plan for the material and human resources intended for control, and identifying 
activities that may be subcontracted, if relevant;  

– the control programme, depending on the Builder’s self-check procedure and the 
works plan anticipated for its execution;  

– the name of the person responsible for taking samples, where relevant; and  

– the control documentation system to be used during the works.  

82.2.  Design compliance  

The design control is intended to check whether the design is compliant with this 
Code and the other regulations that may be applicable, as well as checking its 
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definition grade, quality and all aspects that may affect the final quality of the structure 
that has been designed.  

The Owner may decide to carry out the design control using the technical 
assistance of a quality control body in accordance with subsection 81.2.2.2.  

82.3.  Product compliance  

The aim of reception control of products is to check that the technical properties 
of the products fulfil the requirements of the design.  

For products that must bear the CE mark in accordance with Directive 
89/106/EEC, their compliance may be checked by means of verifying that the values 
stated in the documents accompanying the CE mark allow it to be concluded that the 
specifications given in the design and, failing that, in this Code are complied with.  

In other cases, reception control of products shall include:  

– control of documentation for supplies that arrive at the site, conducted in 
accordance with subsection 82.3.1;  

– where relevant, control using quality marks, in accordance with subsection 
82.3.2; and  

– where relevant, control using tests, in accordance with subsection 82.3.3.  

Chapter XXI of this Code contains some criteria for checking compliance with this 
Code by products received at the site.  

Project Management may at any time have additional checks or tests carried out 
on consignments or items of products supplied to the site or on those used to prepare 
such products.  

82.3.1.  Supply documentation control  

Suppliers shall provide the Builder with any product identification documents 
required by the regulations in force or, where relevant, required by the design or 
Project Management, and the Builder shall make such documents available to Project 
Management. Without prejudice to the additional provisions set out for each product in 
other Sections of this Code, the following documents at least shall be provided:  

Before supply:  

– compliance documents or administrative authorisations as required by the 
regulations, including documentation for the CE marks of products, in accordance 
with Royal Decree 1630/1992 of 29 December 1992 laying down provisions for 
the free movement of construction products, pursuant to Directive 89/106/EEC;  

– where relevant, a declaration by the Supplier, signed by a natural person with 
adequate power of representation, stating that, on the date of the declaration, the 
product has an officially recognised quality mark. 

During supply: 

– supply records for each item or consignment. 
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After supply:  

– the guarantee certificate for the supplied product, signed by a natural person with 
adequate power of representation.  

82.3.2.  Reception control using quality marks  

Suppliers shall provide the Builder with a copy, certified by a natural person, of 
the certificates guaranteeing that the supplied products have an officially recognised 
quality mark, in accordance with Section 84, and the Builder shall make such 
certificates available to Project Management.  

Before supply begins, Project Management shall assess, in accordance with the 
design and this Code, whether the documentation provided is sufficient for acceptance 
of the supplied product or, where relevant, what checks need to be carried out.  

82.3.3.  Reception control using tests  

In order to verify whether the requirements of this Code have been complied with, 
it may be necessary in certain cases to conduct tests in accordance with this Code or 
in accordance with the design or as ordered by Project Management.  

Where tests are conducted, the control laboratories shall send the results, 
accompanied by the level of uncertainty of the measurement for a given level of 
confidence, as well as information relating to dates, both the date of the sample’s 
arrival at the laboratory and the date on which the tests were conducted.  

The control bodies and laboratories shall send the results of their activities to the 
player that commissioned them and, in all cases, to Project Management.  

82.4.  Compliance of execution processes  

During construction of the structure, Project Management shall control the 
execution of each part, verifying the setting out, the products used, and whether the 
construction members are available and executed properly. They shall also carry out 
any additional checks that they may deem necessary in order to check compliance with 
the design, the relevant regulations and Project Management’s own orders. They shall 
also check that the necessary measures have been adopted to ensure compatibility 
between the different products, members and construction systems.  

The execution control shall include:  
– the production control check by the Builder, in accordance with subsection 

82.4.1; and  
– the performance of process inspections during execution, in accordance with 

subsection 82.4.2.  

82.4.1.  Execution control using the Builder’s production control  

The Builder is obliged to define and develop a monitoring system that allows 
execution compliance to be checked. He shall therefore prepare a self-check plan that 
includes all the activities and processes of the works and which incorporates the 
programme planned for its execution, considering all its special requirements. Project 
Management must approve the plan before the works commence.  

The results of all the checks carried out in the self-check must be recorded on a 
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physical or electronic medium that must be available to Project Management. Each 
record must be signed by the natural person who has been designated by the Builder 
for the self-check on each activity.  

During the works, the Builder must make available to Project Management a 
permanently updated record reflecting the names of the people responsible for carrying 
out each point of the self-check relating to each execution process. Once the works 
have been finished, this record must be incorporated in the final documentation.  

Furthermore, depending on the level of execution control, the Builder shall define 
a warehousing management system that is sufficient to provide the traceability required 
of the products and members located on the site.  

82.4.2.  Execution control using process inspections  

Project Management shall, with the technical assistance of a control body where 
relevant, check compliance with the basic requirements of this Code, by conducting 
detailed inspections of execution processes where necessary, in accordance with the 
design and this Code or as ordered by Project Management.  

82.5.  Check on compliance of the finished structure  

Once the structure has been finished, either completely or any of its phases, 
Project Management shall ensure that the checks and load tests required, where 
relevant, by the applicable regulations in force are carried out, as well as those that 
may be set out voluntarily in the design or decided upon by Project Management, and 
defining the validity of the results obtained, where necessary.  

Section 83.  Documentation and traceability  

All activities relating to controls set out in this Code and documented by the 
corresponding physical or electronic records, and which provide documentary evidence 
of all the checks, test certificates and inspection reports that are implemented, must be 
included in the final documentation for the works, once the works have been 
completed.  

The records shall be signed by the natural person responsible for carrying out the 
control activity and, if present, by the representative of the supplier of the product or 
activity being controlled.  

A natural person shall sign supply records on behalf of the Supplier in an 
adequate capacity.  

In the case of electronic procedures, the signature must be adapted to the 
provisions of Act 59/2003 of 19 December 2003.  

Compliance of the structure with this Code requires the attainment of adequate 
traceability between products that are permanently incorporated into the works and any 
other products used, where relevant, to prepare them.  

Where the design stipulates intensive execution control for the structure, 
compliance with this Code shall also require the attainment of traceability of the 
suppliers and the items or consignments of products for every structural member 
executed as part of the works. In this case, and in order to achieve this traceability, the 
Builder must include a warehousing management system in his activities, preferably 
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using electronic procedures.  

Section 84.  Guarantee levels and quality marks  

Conformity of products in relation to the requirements defined in this Code shall 
require a set of specifications to be satisfied with an adequate guarantee level. 

They may, voluntarily, have a higher guarantee level than the minimum level 
required, by means of incorporating systems (such as quality marks, for example) that 
use the corresponding audits, inspections and tests to guarantee that their quality 
systems and production controls meet the requirements for such higher-level 
guarantee systems. 

For the purposes of this Code, such additional warranties, and those at a higher 
level than those required by the regulations, may be demonstrated by any of the 
following procedures: 

a) having an officially recognised quality mark, in accordance with Annex 10 to this 
Code; 

b) in the case of products manufactured on site, an equivalent system that has been 
validated and supervised by Project Management and which ensures that 
equivalent guarantees to those required by Annex 10 for officially recognised 
quality marks are fulfilled. 

This Code considers the application of certain special considerations for the 
reception of products that offer a higher level of guarantee using either of the 
procedures mentioned in the preceding paragraph. 

The reception control may take account of guarantees associated with the 
possession of a quality sticker, wherever it fulfils certain specific conditions. Therefore, 
in the case of products that do not bear a CE mark under Directive 89/106/EEC, this 
Code allows certain special considerations to be applied to their reception when they 
bear a voluntary quality mark that is officially recognised by a Government Directorate 
with competence in the field of building or public works and which belongs to the 
Government of any Member State of the European Union or any of the signatory states 
to the Agreement on the European Economic Area. 

The preceding paragraph shall also apply to construction products manufactured 
or marketed lawfully in states that have customs association agreements with the 
European Union where such agreements treat such products in the same way as those 
manufactured or marketed in a Member State of the European Union. In such cases, 
the level of equivalence shall be confirmed by applying the proper procedures as 
stipulated by the aforementioned Directive. 

For the purposes of compliance with the basic requirements of this Code, quality 
marks must comply with the conditions set out in Annex 10 in order to be recognised 
officially.  

Quality marks that have been recognised or, where relevant, renewed or 
cancelled, may be listed in the specific register created by the Technical General 
Secretariat at the Ministry of Public Works, Sub-Directorate General for Standards and 
Technical Studies, which shall decide to include it, where relevant, on the website of 
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the Permanent Interministerial Committee on Steel Structures (www.fomento.es/cpa), 
for its dissemination and public knowledge.  
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CHAPTER XX.  QUALITY CONTROL FOR THE 
DESIGN  

Construction products may be used under this Code if they are manufactured and 
marketed lawfully in the Member States of the European Union and the signatory 
states to the Agreement Creating the European Economic Area, wherever such 
products comply with the legislation of any Member State of the European Union and 
guarantee an equivalent level of safety to that required by this Code, in respect of their 
intended purpose.  

This level of equivalence shall be justified in accordance with Article 4(2) or 
Article 16 of Directive 89/106/EEC of the Council of 21 December 1988 on the 
approximation of laws, regulations and administrative provisions of the Member States 
relating to construction products.  

The preceding paragraphs shall also apply to construction products 
manufactured or marketed lawfully in states that have customs association agreements 
with the European Union where such agreements treat such products in the same way 
as those manufactured or marketed in a Member State of the European Union. In such 
cases, the level of equivalence shall be confirmed by applying the proper procedures 
as stipulated by the aforementioned Directive.  

Section 85.  Design control  

85.1.  General  

The Owner may decide to have a design control carried out by a quality control 
body as referred to in subsection 81.2.2, in order to check that:  

– the works to which the design relates are sufficiently defined for their execution; 
and  

– the requirements relating to safety, functionality, durability and environmental 
protection set out in this Code are met, as well as those set out in the applicable 
regulations in force.  

In the case of works promoted by the Government, the design control shall be 
carried out, where relevant, without prejudice to the provisions of Royal Legislative 
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Decree 2/2000 of 16 June 2000 approving the recast text of the Act on Government 
Contracts, and the provisions of the regulations defined therein.  

Where the Owner decides to carry out a design control, this shall not under any 
circumstances entail any changes to the powers and responsibilities of the Designer.  

85.2.  Design control levels  

Where the Owner decides to carry out a design control, he shall choose one of 
the following levels:  

– normal control;  

– intensive control.  

The control body shall identify the aspects to be checked and shall develop a 
control procedure adapted to the type of works.  

The frequency of checks, according to the control level adopted, must not be less 
than that given in Table 85.2.  

Table 85.2. Frequency of checks on members according to the control level adopted 

Member type 
Control level 

Observations 
normal intensive 

    

Containment members 
and sheet piles 10 % 20 % At least 3 different sections 

Columns and bridge piles 15 % 30 % At least 3 sections 

Girders 10 % 20 % At least 3 girders from at least two 
spans 

Ring beams 10 % 20 % At least two ring beams 

Decks 10 % 20 % At least two spans 

Arches and vaulting 10 % 20 % At least one section 

Headers 10 % 20 % At least 3 headers 

Staircases 10 % 20 % At least two sections 

Surface and floor 
members 15 % 30 % At least 3 panels 

Unique members 15 % 30 % At least 1 of each type 

N.B.: Notwithstanding the above, 100 % of members subject to principal torsion 
and, in general, members that are susceptible to fragile fracturing or which contain 
complex nodes, complicated geometrical transitions, etc. shall be tested. 

85.3.  Design control documentation  

Irrespective of the control level applied, the control body shall send the Owner a 
report written and signed by a natural person, stating his qualifications and 



 TITLE 7 page 12 

responsibility within that body. The report shall be consistent with the control procedure 
adopted and shall reflect at least the following aspects:  

requesting Owner;  

– identification of the quality control body or organisation endorsing the 
documentation;  

– precise identification of the design subject to the control;  

– identification of the control level adopted;  

– control plan in accordance with the adopted procedures;  

– tests conducted;  

– results obtained;  

– any instances of non-compliance detected, indicating whether such instances 
relate to adequate definition of the design for execution or if they have any impact 
on safety, functionality or durability;  

– evaluation of any instances of  conforming ;  

– conclusions and, in particular, explicit conclusion on the existence of any 
reservations that could cause undesired events if the works are bid for or 
executed. 

In light of the above report, the Owner shall take any pertinent decisions prior to 
the bidding for or, where relevant, execution of the works. In the event that there are 
instances of non-conformity, before any decisions are made the Owner shall 
communicate the content of the control report to the Designer, who shall: 

– correct the instances of non-compliance detected in the design control, where 
relevant; or  

– submit a written report, signed by the Designer, which ratifies and justifies the 
solutions and definitions adopted therein, accompanied by any supplementary 
documentation that may be deemed necessary.  
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CHAPTER XXI.  COMPLIANCE CONTROL FOR 
PRODUCTS  

Section 86.  General  

Project Management, on behalf of the Owner, is obliged to check compliance with 
the design in respect of products received at the site and, in particular, those that are 
permanently incorporated into the structure.  

Activities relating to this control must be reflected in the control programme and 
comply with subsection 82.1  

 

Section 87.  General criteria for checking product 
compliance  

In cases where materials and products bear the CE mark in accordance with 
Directive 89/106/EEC, their compliance may be checked by means of verifying 
documents to the effect that the values stated in the documents accompanying the CE 
mark allow it to be concluded that the specifications considered in the design.  

Project Management, in the performance of its duties, may at any time have 
checks or tests carried out on materials and products used on the site.  

For products that do not bear the CE mark, the compliance check shall include:  

– a documentation check;  

– where relevant, a control using quality marks or procedures that guarantee an 
additional equivalent level of guarantee, in accordance with Section 84; and  

– where relevant, an experimental control by means of conducting tests.  

Notwithstanding the provisions of this Code, the Special Technical Specifications 
may determine the tests deemed pertinent.  
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87.1.  Documentation check  

In general, the supply of materials covered by this Section must comply with the 
documentation requirements set out in subsection 82.3.1.  

Wherever there are supplier changes for materials covered by this Section, the 
documentation for the new product must be submitted.  

87.2.  Inspection of facilities  

Project Management shall evaluate the usefulness of conducting an inspection 
visit to facilities that manufacture the products covered by this Section. Such a visit 
shall preferably be conducted before supply commences, and shall be intended to 
check suitability for manufacture and establishing a production control in accordance 
with the legislation in force and this Code.  

Similarly, tests may also be carried out on supplied materials, in order to 
guarantee compliance with the required specifications.  

87.3.  Taking samples and conducting tests  

Where it is necessary to conduct reception tests, they shall be conducted by a 
control laboratory in accordance with subsection 81.2.2.1. 

Where samples are not taken directly at the site or the facility where the material 
is received, this must be done by a quality control body or, where relevant, a test 
laboratory in accordance with subsection 81.2.2.1. 

Section 88.  Specific criteria for checking product 
compliance  

88.1.  Steel products  

88.1.1.  Compliance test  

Compliance of steel products with the design shall be checked during their 
reception on site. The check shall include the mechanical and geometrical properties of 
the steel products.  

Steel products must bear the CE mark in accordance with Directive 89/106/EEC, 
and so, in accordance with subsection 82.3, the compliance of steel products may be 
checked adequately by verifying that the categories or values declared in the 
documentation accompanying the CE mark indicates compliance with the design 
specifications.  

88.1.2.  Taking samples  

Project Management may itself, or through a control body or control laboratory, 
take samples at the facility where steel products are located. Unless there are 
exceptional circumstances, samples shall be taken at the workshop before the 
members are assembled.  

Representatives from Project Management, the Builder and the Supplier of the 
members may be present when the samples are taken.  
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The quality control body shall ensure that the sample is representative, and shall 
not under any circumstances accept samples taken from products that do not 
correspond to the design plans, nor from products specifically intended for the 
performance of tests. Once the samples have been taken, parts of members that have 
been changed during the taking of samples shall be replaced, where relevant.  

The quality control body shall draw up a certificate for each sample, showing all 
the parties present. One copy shall be given to each party. It shall be drawn up 
according to a certificate template approved by Project Management at the start of the 
works.  

The sample size must be sufficient so as to allow performance of all the checks 
and tests that need to be carried out. All samples shall be moved to the control 
laboratory for testing after having been duly sealed and identified.  

88.1.3.  Performance of tests  

Any test on steel products decided upon by the Designer or Project Management 
shall  be conducted in accordance with their instructions. In the case of the Designer, 
such instructions shall be reflected in the corresponding Special Technical 
Specifications.  

88.2.  Control on joint members  

88.2.1.  Control of bolts, nuts, washers and pins  

88.2.1.1.  Specifications  

Bolts, nuts, washers and pins included in subsections 29.2, 29.3 and 29.4 of this 
Code must meet the requirements set out in those subsections respectively. In other 
cases, the specifications set out in the respective Special Technical Specifications 
must be complied with.  

88.2.1.2.  Tests  

A batch of bolts, nuts or washers shall be considered for each of the types and 
classes of bolt used in the works.  

The control on the properties of bolts, nuts and washers shall be carried out 
according to attributes (dimensions and mechanical properties, in addition to the 
functional properties of the whole assembly) on at least ten samples, using the tests 
set out in this Code or in the Special Technical Specifications, where relevant.  

Tests on bolts should be conducted in accordance with standard UNE-EN ISO 
898-1, those on nuts in accordance with ISO 898-2, and those on washers in 
accordance with the applicable product standard.  

88.2.1.3.  Acceptance or rejection criteria  

Bolts, nuts, washers and pins shall be accepted where there is no non-
compliance with the required specifications once they have been tested. Should this 
not be the case, the batch shall be rejected.  
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88.2.2. Check on input material for welding  

88.2.2.1.  Specifications  

Input material used for welding shall meet the suitability requirements for the 
welding process and the requirements relating to compatibility with the basic steel 
product as defined in subsection 29.5 of this Code.  

88.2.2.2. Tests  

In the event that the material is supplied accompanied by a certificate of 
guarantee from the Manufacturer, which is specific to the works and signed by a 
natural person, Project Management may decide to dispense with the corresponding 
tests.  

Where relevant, tests shall be carried out using the procedures set out in UNE-
EN ISO 15792-1, as well as those specifically included for this purpose in the 
corresponding Special Technical Specifications.  

88.2.2.3.  Acceptance or rejection criteria  

In general, submitting to Project Management the guarantee certificate referred to 
in subsection 88.2.2 shall allow the corresponding batch to be accepted. In the case 
that tests are conducted to check compliance of the batch, the criteria set out for that 
purpose in the Special Technical Specifications shall be complied with.  

88.3.  Control on protection systems  

88.3.1.  Specifications  

Protection systems must comply with the provisions of subsections 30.3 and 
30.4, depending on the exposure class to which the structural member is to be 
subjected.  

All supplied constituent products shall be documented from the Manufacturer, 
specific to the works and signed by a natural person.  

88.3.2.  Tests  

Tests shall be carried out on samples that fulfil the following conditions:  

– are of the same type of steel as that to be used in the works;  

– have the same zinc coating as that to be used, where relevant;  

– have a minimum size of 150 x 70 mm2;  

– have a thickness of not less than 2 mm and compatible with the test to be carried 
out;  

– fulfil the preparation and surface state conditions set out in UNE-EN ISO 12944-
6;  

– fulfil UNE-EN ISO 1461, in the case of heat-galvanised surfaces;  

– fulfil UNE-EN ISO 2063, in the case of surfaces subjected to zinc metallization.  
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At least three specimens shall be tested for each assembly of the protection 
system and each type of steel used for the works.  

Tests on painting systems shall be carried out in accordance with the methods 
defined in subsection 30.3 of this Code.  

With regard to heat-galvanisation, in the event that the material is supplied 
accompanied by a certificate of guarantee from the galvaniser, which is specific to the 
works and signed by a natural person, Project Management may decide to dispense 
with the corresponding tests. Where relevant, tests shall be carried out using the 
procedures set out in UNE-EN ISO 1461, as well as those specifically included for this 
purpose in the corresponding Special Technical Specifications. For surfaces that are 
subjected to zinc metallization, the tests shall be carried out in accordance with 
standard UNE-EN ISO 2063.  

In the event that the protection product has an officially recognised quality mark, 
Project Management may dispense with the corresponding tests.  

88.3.3.  Acceptance or rejection criteria  

Having an officially recognised quality mark r may generally be understood as 
sufficient to guarantee compliance of the protection system supplied without any 
specific tests being conducted, unless Project Management stipulates to the contrary.  

If any tests are conducted on painting systems, they shall be considered as 
complying with the specifications when:  

– the specimen is classed as 0 or 1 before the test according to UNE-EN ISO 2409. 
Where the dry-film density of the protection system is greater than 250 μm, this 
requirement must be replaced by a requirement to ensure that the paint substrate 
does not blow during the adherence test according to UNE-EN ISO 4624, unless 
the traction values are greater than or equal to 5 MPa;  

– the specimen does not show any defects according to the evaluation methods set 
out in parts 2 to 5 of UNE-EN ISO 4628 and it is classed as 0 or 1 after the test 
according to UNE-EN ISO 2409, with the duration in hours given in subsection 
30.3 as relevant for the required exposure class and durability grade. Where the 
dry-film density of the painting system is greater than 250 μm, this requirement is 
also replaced in the same way as in paragraph a). The condition after the test 
according to UNE-EN ISO 2409 or according to the substitution test shall be 
evaluated after the specimen has been reconditioned for 24 hours. 

The specimen shall be considered not to have any defects, where relevant, when 
it meets the following requirements:  

– applying UNE-EN ISO 4628-2, where there is blistering 0 (S0);  

– applying UNE-EN ISO 4628-3, where there is Ri oxide 0;  

– applying UNE-EN ISO 4628-4, where there is cracking 0 (S0);  

– applying UNE-EN ISO 4628-5, where there is flaking 0 (S0).  

It should also be checked that, once artificial ageing has been carried out in 
accordance with UNE-EN ISO 9227, there is no progression of substrate corrosion 
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from the incision that is greater than 1 mm, determined in accordance with UNE-EN 
ISO 12944.  

When evaluating the aforementioned defects, no defects that emerge at less than 
10 mm from the edges of the specimen shall be taken into account.  

With regard to galvanizing and zinc metallisation, submission to Project 
Management of the certificate of guarantee referred to in subsection 88.3.2 shall 
generally allow the corresponding batch to be accepted. In the case that tests are 
conducted to check compliance of the batch, the criteria set out for that purpose in the 
Special Technical Specifications shall be complied with.  
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CHAPTER XXII. CONTROL OF EXECUTION  

Section 89.  General criteria for control of execution  

89.1.  Organisation of control  

The execution control prescribed by this Code is intended to check that 
processes carried out during construction of the structure are organised and developed 
so that Project Management may assume that they comply with the design, in 
accordance with this Code.  

The Builder shall develop the works plan and the self-check procedure for 
execution of the structure. This shall consider the specific peculiarities of the works, in 
relation to resources, processes and activities, and shall develop the sequence for 
execution in such a way as to allow Project Management to check compliance with the 
design specifications and with this Code. Therefore, the Builder shall document in the 
self-check records the results of all tests conducted. He shall also implement 
warehouse management that allows the traceability of items and consignments 
received at the site to be maintained and justified, in accordance with the level of 
control established for the design of the structure.  

Project Management, representing the Owner, is obliged to carry out the 
execution control, checking the Builder's self-check records and conducting a series of 
detailed inspections, in accordance with this Code. He may therefore use the technical 
assistance of a quality control body, in accordance with subsection 81.2.2.  

89.2.  Planning the execution control  

Before commencing execution of the structure, Project Management must 
approve the control programme that develops the control plan defined in the design, 
taking account of the plan of works submitted by the Builder for construction of the 
structure, as well as the self-check procedure, in accordance with subsection 82.1 of 
this Code.  

The execution control plan shall identify the following aspects, among others:  
– control levels;  
– execution batches;  
– inspection units;  
– test frequencies.  
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89.3.  Execution control levels  

For the purposes of this Code, two levels of control are considered:  

a) normal execution control;  
b) intensive execution control.  

The intensive control shall only apply where the Builder has a quality control 
system that is certified in accordance with UNE-EN ISO 9001.  

89.4. Execution batches  

The control Programme approved by Project Management shall consider a 
division of the works into execution batches that are consistent with the anticipated 
progress of execution in the plan of works, and which complies with the following 
criteria:  

a) they shall correspond to successive parts of the workshop assembly process 
and execution on site;  

b) they shall not mix members that have a different typological structure and belong 
to different columns in Table 89.4;  

c) the batch size shall not be greater than that given, depending on the type of 
members, in Table 89.4.  

Table 89.4. Batch size 

Type of works  Vertical members  Horizontal members  
Buildings  – Beams and pillars 

corresponding to 500 m2 in 
surface, without exceeding 
the two storeys  

– Beams, surface members and 
floors corresponding to 
250 m2 plane  

Bridges  – 200 m3 of piles, without 
exceeding 10 m pile length;  

– two abutments  

– 500 m3 of deck without 
exceeding 30 m linearly, 
neither for a section nor for a 
segment  

Chimneys, towers, deposits  – Elevations corresponding to 
500 m2 in surface or 10 m in 
height  

– Horizontal members 
corresponding to 250 m  

89.5.  Inspection units  

For each execution batch, all processes and activities that are liable for 
inspection shall be identified in accordance with this Code.  

For the purposes of this Code, an inspection unit shall generally be the maximum 
dimension or size of a controllable process or activity during an inspection visit at the 
site. Depending on the progress of processes and activities anticipated by the works 
plan, each inspection of works by Project Management or the control body may check 
a given number of inspection units, which may correspond to one or more execution 
batches.  

For each process or activity, the corresponding inspection units shall be defined 
with the dimension or size complying with Table 89.5. 
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Table 89.5. Size of inspection units 

Execution units  Maximum size of the inspection unit  
Warehousing management control  - Warehousing arranged for materials, form of supply, 

Manufacturer and supplied item, as applicable  
Review of workshop plans  - Plans corresponding to a consignment of members  

Handling of steel products at the workshop  -  Set of products handled in one day  
Assembly of members at the workshop, including check 

on mechanical fixings  
-  Set of members assembled in one day  

Welds  -  As set out in the subsection  
Setting out  -  Level or plane to be executed  

Laying concrete for foundations  -  Concrete poured in one day  
Fitting of members on site, including check on mechanical 

fixings and welds  
-  Set of members assembled in one day  

Application of protective treatments  -  Treatment applied in one day  

In the case of minor engineering work and building works that do not have any 
special structural complexity (made of conventional beams, pillars and floors that are 
not pre-stressed and which have spans of up to 6.00 metres and no more than seven 
floor levels), Project Management may choose to double the maximum sizes of 
inspection units given in Table 89.5.  

89.6.  Test frequencies  

Project Management shall implement the execution control by means of the 
following:  

– reviewing the Builder’s self-check for each inspection unit;  

– external control of the execution of each execution batch, by means of 
conducting detailed inspections on the processes or activities corresponding to 
some of the inspection units in each batch, in accordance with this Section.  

For each process or activity included in a batch, the Builder shall develop his self-
check and Project Management shall carry out the external check by means of 
conducting a number of inspections that will vary depending on the control level 
defined in the control programme and in accordance with Table 89.6.  
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Table 89.6. Number of inspections depending on the control level  

Execution processes 
and activities 

Minimum number of activities controlled externally per inspection unit 

Normal control Intensive control 

Builder’s self-check External control Builder’s self-check External control 

Warehousing 
management control All 1 All 3 

Review of workshop 
plans 1 1 1 1 

Handling of steel 
products at the 

workshop 
1 1 3 1 

Assembly of 
members at the 

workshop, including 
check on mechanical 

fixings and welds 
10 2 20 4 

Setting out and 
geometry 1 1 4 2 

Laying concrete for 
foundations 2 1 3 2 

Fitting of members 
on site, including 

check on mechanical 
fixings and welds 

3 1 5 2 

Application of 
protective treatments 5 2 10 3 

Section 90.  Pre-execution checks  

Before beginning each part of the work, Project Management must confirm that 
there is a control programme, both for products and plans, in accordance with the 
design and with this Code.  

Any non-compliance with the requirements set out above shall result in 
postponement of the commencement of the works until Project Management confirms 
that the cause of such non-compliance has been rectified.  

Section 91.  Control on workshop assembly  

Compliance of workshop assembly processes shall include the mechanical 
properties of the products used, the geometric properties of the members, as well as 
any other properties included in the design or decided upon by Project Management. 
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The considerations in this Section shall apply irrespective of whether the workshop 
belongs to the actual site facilities.  

91.1.  Pre-supply checks  

Before the commencement of supply, Project Management shall check that the 
Builder has communicated the programme of works, establishing the deadlines for 
receipt, where relevant, of the members prepared in workshops located outside the site 
facilities.  

Pre-supply checks on members manufactured in workshops off-site are intended 
to verify compliance of the processes and facilities that are to be used.  

91.1.1.  Pre-supply documentation check  

In addition to the general documentation referred to in subsection 82.3.1 and 
which may apply to members that are to be supplied to the works, the Supplier or, 
where relevant, the Builder must submit to Project Management a copy of the following 
documentation, certified by a natural person:  

a) where relevant, a document certifying that the workshop assembly process 
for the member has an officially recognised quality mark;  

b) where relevant, a document certifying that the steel products used in the 
preparation of the members have an officially recognised quality mark;  

c) in the case that welding processes are to be used, weld approval 
certificates in accordance with UNE-EN 287-1 and an approval certificate 
for the welding process in accordance with UNE-EN ISO 15614-1.  

Furthermore, before assembly commences at the workshop, Project 
Management may review the workshop assembly plans that have been prepared 
specifically for the site. This review is prescribed in the case that the workshop forms 
part of the site facilities.  

Where the assembly workshop changes, it shall be necessary to present all the 
corresponding documentation again.  

91.1.2.  Facilities check  

Project Management shall evaluate the usefulness of conducting an inspection 
visit at the assembly workshop, either directly or through a quality control body, and 
preferably before the commencement of supply, in order to check its suitability for 
preparing the members required for the works. It shall in particular ensure that the 
requirements set out in Chapter XVIII of this Code have been complied with.  

Such inspections are prescribed for facilities belonging to the site, and where it 
must be checked that sufficient space is demarcated for assembly work, that there are 
predetermined spaces for the warehousing of steel products and a set space for 
machinery, as well as specific enclosures for the warehousing of members before they 
arrive on site.  

Project Management may request information proving the existence of production 
control at the workshop, in accordance with this Code and properly documented, 
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through records of the checks and test results in the corresponding self-check 
documents, which shall include at least all the properties specified in this Code.  

91.2.  Control during supply  

91.2.1.  Documentation check during supply  

Project Management must check that each consignment of members supplied to 
the works from a workshop is accompanied by the corresponding supply record.  

They must also check that there is consistency between the properties of the 
members supplied and those in the documentation for the steel products, as stated by 
the Manufacturer and supplied by the Supplier of the reinforcement. Should any 
traceability problems be detected, the members affected shall be rejected.  

For members that are prepared in the site’s own workshops, it shall be checked 
that the Builder maintains a manufacturing register in which the same information is 
recorded for each item of the manufactured members as in the supply records referred 
to in this subsection.  

Project Management shall accept the documentation for the consignment of 
members after having checked that it complies with the design specifications.  

91.2.2.  Experimental checks during supply  

91.2.2.1.  Shear operation check  

Before starting the activity, for each type of member to be sheared and for each 
material, at least four specimens shall be manufactured for external control by the 
control body:  

– one shall consist of a short straight section of the member with the greatest 
thickness;  

– another shall be a similar section of the member with the smallest thickness;  

– one shall have shear at a re-entrant angle with a minimum fillet radius and on a 
member of representative thickness;  

– the last one shall be sheared on a curve on a member of representative 
thickness.  

The specimens shall have dimensions that permit shearing of at least 200 mm in 
length.  

The quality of each shear shall correspond to the structure class, and the quality 
of curved shear shall be similar to that of straight shear.  

If the results of the inspection of the sheared edges are non-compliant, Project 
Management shall reject the process and the Builder shall have to modify it by defining 
a new process and starting a new check process.  

In the case of shearing processes that may result in local increases in the 
hardness of the material (shearing with flames, other shearing), the edges must be 
checked and the control body shall therefore act as follows:  
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– four specimens shall be made, using the material most likely to undergo 
hardening out of all those that are to be tested;  

– for each of the four specimens, the hardness shall be measured at four selected 
points from among those where the greatest increase is assumed to take place. 
The measurement shall be taken in accordance with UNE-EN ISO 6507-1;  

– the largest value measured shall not exceed 380 HV 10.  

If the results of the measurements are non-compliant, the shear process shall be 
modified and the test repeated only in cases where there has not been compliance.  

This subsection does not cover the check on hardness of instances of shear that 
are to be welded. These are to be tested in accordance with the specific welding 
process.  

Furthermore, regular checks must also be carried out on the drilling resources 
and procedures, so the control body must:  

– manufacture eight specimens for each procedure that is to be tested, covering 
the range of qualities of the materials, hole diameters and material thicknesses;  

– measure the diameter of the holes at each end of the drilled thickness, using 
patterns (fits/does not fit). The value of the measurement shall comply with the 
tolerances corresponding to the class.  

If the results of the measurements are non-compliant, the drilling process shall be 
modified and the test repeated only in cases where there has not been compliance.  

91.2.2.2.  Dimension check on members  

It must be tested that the members prepared in the workshop have the 
dimensions reflected in the workshop plans, considering the tolerances given in the 
Special Technical Specifications for the design.  

The measuring instruments should be included in ISO 7976 parts 1 and 2. As for 
the precision of the measurement, it must be adapted to ISO 17123.  

The measurements shall be given in relation to the inverse deflections specified 
in the design, and corrected to take account of possible deformation caused by 
temperature or its own weight.  

The workshop shall have the necessary members (measuring tables, racks, etc.) 
for taking the measurements properly.  

In the event of non-compliance, corrections shall be made using any of the 
means specified in this Code, where possible. If not, the possibility shall be 
investigated of modifying the geometry of the rest of the structure so as to compensate 
for the non-compliance, in which case Project Management must approve the 
procedure in advance.  

91.2.2.3.  Check on qualifications of welding operators  

Welders have adequate qualifications, as set out in subsection 77.4.2. In this 
regard, certificates held by welders shall be admitted wherever the welders are 
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permanent employees of the workshop, unless otherwise decided by Project 
Management.  

Project Management may stipulate any additional checks on welder 
qualifications, irrespective of the place where the activity is carried out (workshop or 
site).  

The mechanical workshop shall keep the corresponding welder identification 
records satisfactorily updated. These records should include: 

– record number;  

– copy of approval; and  

– personal mark.  

This documentation must be available to Project Management and the quality 
control body at all times.  

Each welder shall identify his own work using personal marks that may not be 
transferred.  

Any welds executed by an unqualified welder shall be rejected and removed. If 
this were to have a harmful impact, Project Management may decide to reject the 
whole welded assembly and to have it redone by the Builder of the steel structure.  

91.2.2.4.  Control of welding process  

Before commencing manufacture at the workshop, the Builder’s self-check shall 
include any checks and tests that may be necessary for the separate butt welding and 
angle welding methods, in order to determine the most suitable welding properties.  

It shall also be checked that all welding processes, removal of welds and repair of 
welded areas are subject to a written procedure that states, among other things, the 
properties of the input material, preparation of edges, including pre-heating 
temperatures between passes and the input heat.  

Welding shall be carried out in accordance with subsection 77.4.1. The quality 
control body that carries out the external check shall do qualification. This body shall 
certify in writing that the qualifications cover all welding processes to be carried out at 
the specific site.  

In the case of flange thicknesses larger than 30 mm, the angle welding process 
for flanges and webs and for cover plate joints shall also be qualified so as to ensure 
that there is no excessive heat input that lowers the resistance properties in the welded 
area, base material and transition area, pre-heating if necessary.  

91.2.2.5.  Welding execution inspection  

Before welding, the parts that are to be joined shall be inspected in accordance 
with UNE-EN 970. In the case of hollow sections, the inspection shall focus on: 

– central parts of the bead and side walls, in the case of circular sections; and  

– the four corners, in the case of square or rectangular sections.  
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Inspections that form part of either the self-check plan or the external control 
inspections shall be carried out by a level 2 welding inspector, in accordance with 
standard UNE 14618, or by any other person with sufficient technical qualifications and 
authorised by Project Management. In any case, Project Management may request the 
welding inspector's certificate.  

For all controls that are carried out, the corresponding inspection form shall be 
filled in. In addition to the description, the welding control forms shall also be attached 
to the inspection form, and these shall include the test results and the exact location of 
the said control.  

All weld chords shall be self-checked. Any test shall be conducted once at least 
16 hours have passed since the seam was welded. This period shall be extended to 40 
hours where there is a risk of cold cracking. In particular:  

– materials with a thickness larger than 40 mm;  

– steel qualities superior to S355;  

– chords with a lot of fish-plating;  

– steel with improved resistance to corrosion.  

Welds that are inaccessible throughout the manufacturing process shall be 
inspected prior to subsequent work being carried out. 

Where a member or an area thereof has been deformed in order to correct any 
geometric deviations resulting from manufacture, all welds situated in the areas 
affected must be inspected and, if necessary, tested, as if they had not been tested 
previously.  

Self-checking of welds shall include a series of checks, which shall include at 
least the following:  

– all welds shall be visually inspected through their entire length and  

– certain additional checks for execution classes other than EXC 1 , by means of 
conducting non-destructive tests, the frequency of which must depend on the 
execution class, in accordance with Table 91.2.2.5.  



 TITLE 7 page 28 

Table 91.2.2.5 

Weld type   Test  
Welding at workshop  Welding on site  

EXC . 3 
and 4  

EXC . 2  EXC  3 and 
4  

EXC  2 

  
  
  
  
  
Force chords  

Butt-welded chords 
subjected to traction 
stresses (k ≥ 0.8)  
0.3 < k < 0.8  
k ≤ 0.3  

100 %  
  

 

 
50 %  

10 %  

50 %  
  

 

 
20 %  

5 %  

100 %  
  

 

 
100 %  

20 %  

100 % 
  

 

 
50 %  

10 %  

Butt-welded chords 
subjected to 
compression stress  

10 %  5 %  20 %  10 %  

Angle-welded 
chords  20 % 10 % 20 % 10 % 

Longitudinal chords  
10 % 5 % 20 % 10 % 

Binding joints  Stiffeners, belts, etc.  
5 % 

K: Usage factor  
E.C. Execution class  

Should the self-check uncover any non-compliance, the batch shall be rejected 
and the test frequency increased, as shown in Table 91.2.2.5.  

Welds shall be inspected visually once all the welds have been completed in an 
inspection area and before any tests are conducted.  

 visual inspection shall include:  

–  presence and location of all welds;  

–  inspection of chords in accordance with UNE-EN 970;  

– stray arcs and areas of weld spatter.  

 Inspection of the shape and surface of the chords on nodes between hollow 
sections shall pay careful attention to the following locations:  

– for circular sections, the central parts of the chord and side walls;  

– for square or rectangular sections: the four corners positions;  

– Chords shall be accepted by the visual inspection in accordance with subsection 
77.6 of this Code.  
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The following non-destructive methods shall be conducted in accordance with the 
general principles given in UNE-EN 12062 and with the standard particular to each 
method:  

– penetrating liquids testing, in accordance with UNE-EN 1289;  

– magnetic particles inspections (PM), in accordance with UNE-EN 1290;  

– ultrasonic testing (US), in accordance with UNE-EN 1714;  

– radiographic testing (RX), in accordance with UNE-EN 12517.  

Where any “permissible” imperfections are found, they need not be repaired, but 
an additional section of the same seam shall be inspected. If an imperfection is found 
that is not permitted, all defects shall be repaired.  

If the imperfection is “not permitted”, repairs shall be required in accordance with 
the set procedure. Such repairs shall not only affect the imperfection that is not 
permitted but also any permissible imperfections that may have been detected 
previously. Additionally, the level of controls shall be increased for welds done by that 
welder, by the additional percentage given in the corresponding self-check plan.  

If one-third of welders have an increase in their control level, this shall be 
communicated to Project Management, in order for them to increase the level of 
external controls carried out by the control body, and to take appropriate measures.  

All welds shall be visually inspected. Additional tests shall be carried out at points 
where there is a suspicion of defects.  

Radiographic testing may be replaced by ultrasound for welds that are difficult to 
access, and generally wherever so specified by Project Management. LP and PM 
procedures are interchangeable, and the latter are preferred.  

Additional radiographic testing shall be carried out at all points where there are 
crossed weld chords.  

In general, the self-check team will conduct an inspection using magnetic 
particles or, failing that, penetrating testing, on 15 % of the total length of angle welds, 
with the acceptance criteria set out in the standards to which reference has already 
been made. This inspection shall take place after the visual inspection, and shall be 
carried out by the same inspector, who shall select such welds, which shall always 
include the extremities (the start and end) of the weld chords.  

Where there is excessive surface porosity, Project Management may decide that 
a mandatory inspection be conducted on the inside of the weld seam.  

Radiographic testing and ultrasound inspections shall also generally be carried 
out on butt welds, both on overlapping sheets and T-shaped joints, wherever these are 
butt welded. Where visual inspections and non-destructive tests are carried out on the 
same seam, these shall be done simultaneously where possible.  

– For any radiographic testing inspections that are carried out, joints of classes 1 
or 2 in accordance with standard UNE-EN 12517 shall be permitted;  
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– welds of classes 3, 4 or 5 shall be removed and done again. By way of 
exception, those in class 3 may be permitted, depending on the size of the 
defect, the position and properties of the joint, loads, etc.;  

– deformations caused by welds shall be heat-corrected, and temperatures above 
900º C shall not be accepted under any circumstances;  

– no water or other sudden cooling process may be used;  

– if any defects are detected during the visual inspection of welds, these shall be 
corrected in accordance with the criterion in the following table:  

Description of defect  Correction  

Cracks  Tidying of the cracks and new weld seam  
Pores and overflow  Weld again after tidying up with arc air. Minimum 

length of tidying: 40 mm  

Biting  Tidying up followed by deposit of input material, 
minimum length of tidying: 40 mm  

Unforeseen concave and convex  Grinding  
Other defects: surface notches and drag lines 
followed by deposit of material; input limit cracks, 
etc.  

Grinding or tidying up with arc air  

91.2.2.6.  Control of repaired welds  
For structures of EXC1, EXC2 and EXC3, repaired welds shall be controlled in 

accordance with the authorised procedures.  
 Corrected welds shall be check again and shall meet the requirements of the 
original welds  
91.2.2.7.  Control of bolted joints  

The Builder’s self-check plan must consider, where relevant, checks on joints 
fixed using mechanical members, as discussed in Section 76 of this Code.  

Such checks shall include those corresponding to the application of adequate 
tightening torque, as specified in the design and in this Code. Pre-stressed bolts shall 
be checked to ensure that the force applied is greater than the minimum specified.  

The acceptance or rejection criteria shall be those defined for that purpose in this 
Code.  

The self-check plan must set the frequency for checks. This may, in principle, be 
established at 100 % for joints between principal members (beams, pillars, sheets, etc.) 
and 25 % of joints in secondary members (stiffeners, secondary triangles, etc).  
91.2.2.8.  Control of reinforcement at the workshop  

Before commencing manufacture, the Builder shall propose the sequence for 
reinforcement and welding, in writing and together with the necessary plans, that he 
considers optimal on the basis of his knowledge and experience, and depending on the 
maximum anticipated reduction in residual stress and deformation. These sequences 
shall be submitted to Project Management for their approval.  

Pre-reinforcement at the workshop shall check that the arrangement and 
dimensions of each member are adjusted to those given in the workshop plans. All 
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parts that do not allow for interconnection shall be rectified or rejected, without forcing 
them, at the position where they will need to be, once the joints have been made final.  

Each part prepared at the workshop shall be given an identification mark in paint 
or heavy pencil, as designated in the workshop plans for the reinforcement of the 
various members.  

Furthermore, each of the members finished at the workshop shall bear the 
necessary identification mark (in paint) to determine its relative position in the site 
assembly. Additionally, the reinforced part shall be punched in order to guarantee the 
traceability of products as far as the site.  

Project Management shall conduct visits and inspections as it deems appropriate 
in order to check the assembly process. On the other hand, the control body shall also 
carry out the inspections stipulated in the corresponding external inspection plan.  

The check-list shall include at least the following checks:  
– identification of the members;  
– location of the axes of symmetry;  
– location of areas subject to contiguous members;  
– parallel flanges and cover plates;  
– perpendicularity of flanges and webs;  
– local buckling, straightness and flatness of flanges and webs;  
– inverse deflection.  

The reinforcement shall be checked using a sample that covers the following 
percentages: 100 % and 25 %, for principal and secondary members respectively.  

91.3.  Assembly compliance check  

91.3.1.  Checks prior to erection  

Before on-site assembly commences, Project Management shall check whether 
the members prepared at the workshop correspond to the design and to the 
documentation supplied with them.  

The Builder must also prepare assembly documentation, which must be 
approved by Project Management, before commencing operations on the site. As a 
minimum, such documentation shall include the following documents, as indicated in 
the subsections below:  

91.3.1.1.  Assembly report  

The assembly report shall include the calculation of the tolerances for positioning 
each member so as to be consistent with the general tolerance system (in particular 
with regard to the setting out of base plates), a description of assembly aids 
(provisional support stubs, hoist tabs, guide members, etc.), a definition of the joints on 
the site, protective measures for welding, procedures for tightening bolts, etc.  

It shall also include a specific subsection on safety checks during assembly, and 
it shall also check that no permanent loads on the structure are generated as a result of 
the assembly process that may be different from those considered in the design.  
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91.3.1.2.  Assembly drawings  

A check shall be performed to ensure that the position and movements of parts 
during assembly, the means of hoisting, provisional shoring and generally all 
information necessary for handling the parts properly are included schematically.  

91.3.1.3.  Inspection programme  

The Builder’s self-check procedures must be stated, specifying the members to 
which each inspection shall apply, the type (visual, using non-destructive tests, etc.) 
and level of inspection, the inspection resources, decisions resulting from each of the 
possible results, etc.  

91.3.2.  Checks during erection  

During assembly operations, the compliance of all operations that are to be 
carried out shall be checked, by means of applying identical criteria to those set out in 
this Code for workshop assembly.  

In particular, it shall be checked that each operation is carried out in the order 
and with the tools specified, that the personnel responsible for each operation are 
sufficiently qualified, that an adequate tracing system is maintained so that the cause of 
all instances of non-compliance may be identified, etc.  
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TITLE 8.  MAINTENANCE  

CHAPTER XXIII.  MAINTENANCE  

Section 92.  Design recommendations  

92.1.  Details  

Steel corrosion processes are encouraged if they occur in areas that are difficult 
to access or where water or other materials accumulate. In order to alleviate or avoid 
any aggravation of structural or functional consequences where possible, it is advisable 
to adhere to the rules of good practice referred to in subsections 31.2 and 31.3 during 
the design phase.  

For building structures, mounting down pipes or discharge pipes to steel 
columns, or adjacent to them, shall be avoided where possible. This provision may be 
circumvented if the steel structure can still be seen and is accessible for inspection or 
maintenance.  

In any case, in areas where there are bends, T-shaped pieces or changes in 
direction of water conduits situated close to any steel pillar or beam, there shall be an 
isolator between the steel member and the pipe work. There shall also be drops and 
gradients such that, in the event of leaks or conduit fracture, the water is led away from 
the steel structure.  

92.2.  Accessibility  

It must be endeavoured have all areas easily accessible, with a view to being 
properly repainted. It is therefore advisable to leave hooks, pins or other fixtures in the 
structure, so as to allow the installation of scaffolding or other means of access in order 
to tackle maintenance operations during the service of the site.  

It is advisable for all surfaces of the structure that have some corrosion 
resistance treatment to be visible and accessible using sufficiently safe means. There 
must also be adequate space for the operator to be able to work in sufficiently safe 
conditions. Table 92.2.a shows the typical minimum distances required for proper use 
of the tools that are usually used for anti-corrosion protection work.  
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Table 92.2.a. Dimension requirements for maintenance operations 

OPERATION Tool length 
D2 (mm) 

Distance from 
the tool to the 

face 
D1 (mm) 

Angle of 
operation  

(º) 

Preparation of surfaces 
through blast-cleaning  

800 200-400  60-90  

Cleaning with mechanical 
tools (sanding) 

100-350 -- -- 

Cleaning with manual tools 
(brushing) 

100 -- -- 

Mechanical pulverisation  300 -- 90 

Application of paint     

- powdered 200-300 200-300 90 

- with brush 200  -- 45-90 

- with roller  200 -- 10-90 

 

Figure 92.2.a. Arrangement of maintenance tools 

In order to make surface preparation and painting work possible, leaving small 
spaces between parts that are close together should be avoided wherever possible. 
Endeavours must be made so that maintenance workers are able to see and reach the 
surface to be treated using the tool. Figures 92.2.b and 92.2.c show the minimum 
visual and physical accessibility criteria for reaching the surface, and these must be 
respected. In the event that the proposed minimum dimensions are not achieved, the 
surface shall be considered inaccessible for the purposes of applying the surplus 
thicknesses given in subsection 31.2.2.1. 

FACING TO BE TREATED 
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a: Minimum distance permitted between sections or between a section and an adjacent surface (mm). 

h: Maximum accessible distance for a worker in a tight space (mm). 

The minimum permitted distance a between the two sections is represented in Graph 1 by h, up to 1000 mm. 

Figure 92.2.b. Minimum distances between parts that are close together (1) 

 

The minimum permitted distance a between the section and the adjacent surface is represented in Graph 2.  

Note 1. If the worker has to reach distances of more than 1000 mm, a in the graph must preferably be at least 800 mm.  

Note 2. Where the Designer cannot comply with the above recommendations, special measures will be necessary.  

Figure 92.2.c. Minimum distances between parts that are close together (2) 

Building structures made of steel pillars and beams are often not accessible, and 
in many cases they are not visible either. This means that, in such cases, inspection 
and maintenance work is extremely difficult. Therefore, in order to avoid aggravation of 
any structural pathology caused by corrosion, it is crucial to eliminate or at least limit 
any determining factors that create corrosion problems. In such cases, the provisions 
of subsections 31.2, 31.3 and 92.1 must therefore be followed scrupulously.  

Graph 1 
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Section 93.  Inspection and maintenance plan  

For EXC3 and EXC4 structures of class 3 or 4 (see subsection 6.2.3), it shall be 
compulsory to include in the design an “inspection and maintenance plan” that defines 
the work to be done on the steel part of the structure so as to allow it to maintain its 
structural and functional capacity at reasonable levels throughout its useful lifetime.  

The inspection and maintenance plan must contain a precise definition of at least 
the following members or operations relating to conservation:  

– description of the structure;  

– estimate of the useful lifetime of each structural member;  

– description of the most typical critical points for each member;  

– recommended inspection intervals;  

– inspection criteria;  

– any auxiliary resources necessary for access to different areas of the structure;  

– definition of the protective treatment proposed for inaccessible surfaces;  

– definition of the protective paint or other type of system proposed for exposed 
surfaces that sustain more deterioration;  

– schedule for repainting or other maintenance activities on the structure.  

Section 94.  Construction report  

All works must be inspected in three different phases:  

– during execution (quality control phase);  

– once the works have been finished, and before they are commissioned;  

– subsequently, throughout its useful lifetime.  

With regard to maintenance, it is a fact that some problems that arise during the 
service phase have their origin in design errors or incidents that occur during 
construction. It is therefore crucial that such circumstances are recorded in a document 
that forms the basis for subsequent action.  

Based on the above, for structures of class 3 or 4 (see subsection 6.2.3), it shall 
be mandatory to carry out an “end-of-works” inspection to review the state of all 
structural members with a view to their future maintenance. Any deterioration detected 
and the corresponding corrective measures adopted shall be reflected in a document 
drawn up for this purpose in the form of a “construction report” or “end-of-works report”.  

Furthermore, for structures of class 3 or 4 (see subsection 6.2.3), the 
aforementioned document shall also define the specifications relating to the protective 
treatment used, for subsequent intervention. Specifically, the following aspects at least 
shall be defined:  
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– anticipated useful lifetime of the protective system used, both for exposed 
surfaces and for inaccessible surfaces (painting, heat galvanisation and zinc 
metallisation);  

– description of the protective treatment used, describing the following aspects, 
both for exposed surfaces and for inaccessible surfaces, which for paint shall be:  

– preparation type;  
– number of coats;  
– amount and thickness of each coat;  
– products used for each coat;  
– identification data for the paint supplier;  
– identification data for the application company.  

The “inspection and maintenance plan” referred to in Section 93 shall be included 
as an annex to this “end-of-works report”.  

The “end-of-works report” must be made available to the person responsible for 
the use of the structure.  
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Annex 1: Symbols and units 

A1.1 Symbols The terms and words used in this Code carry the meaning 
normally assigned within the area of structural steel, and are generally defined the first 
time they appear within the document.  

A1.1.1 Roman Capitals 

Term Definition Section 

A accidental action value. Width between corners in 
cold-formed sections. Percentage of steel products 
holding an officially recognised quality mark. 

9.2, 22.3.2, 24.3.1, 
34.2, 34.3, 34.5, 
34.7.2.1, 34.7.2.2, 
35.1.1, 35.1.2, 
35.1.4, 35.3, 46.3, 
56.1, 60.2.1, 60.3, 
61.1, 80.2, 
A11.4.3.1, 
A11.4.3.4. 

A0 chord section. Maximum distribution area in 
compression on a base plate; 

64.2, 65.2.2, A-9
9, A-9-17, A-9-19 

A´0 restricted area on which the force of the foundation 
base plate is applied; 

65.2.2 

A1 member 1 cross sectional area; A-9-2, A-9-3 

Ac gross area for stiffened plate elements subject to 
uniform compression. Gross section of the 
compression zone of the stiffened plate, excluding 
parts of the subpanels supported by an adjacent 
plate panel; 

A6.4.1, A6.4.2 

Ac,ef area of the effective section of the compressed 
slender flange, with or without stiffeners, related to 
local buckling. Area of effective section of the 
compression zone of the stiffened panel; 

21.5, 34.1.2.5, 
A6.4.1, A6.4.4 

A*c,ef area of the effective section of the compression zone 
of the stiffened panel for cases in which the influence 
of shear lag is significant; 

A6.4.1 

Ac,ef,loc sum of effective areas of all stiffeners and subpanels 
located entirely or partly in the compression area. 
Effective area of the stiffened plate, excluding parts 
of the subpanels supported by an adjacent plate 
panel, calculated taking into account any local 
buckling of the various subpanels and/or plate 
stiffening elements; 

A6.4.1, A6.4.2 
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Acor chord cross-sectional area; 71.2.3, 71.2.3.1, 
71.2.3.2 

Ad diagonal cross-sectional area. Diagonal area of the 
lattice; 

18.2.5, 62.1.4, 
71.2.3.1, A3.3.1 

Ae equivalent shear cross-sectional area; 67.2.1.2 

AE,k characteristic seismic action value; 13.2 

Aef effective area or effective cross sectional area, as 
applicable. Area of effective reduced section 
obtained under the application of an axial 
compression force; 

21.5, 22.3.5, 
34.1.2.5, 34.3, 
34.7.2.3, 35.1.1, 
35.1.2, 35.1.4, 
35.3, 35.7.1, 
35.7.2, 60.3, 
73.9.3, 73.11.3, 
73.11.4, A6.2, 
A6.5 

Aef,f effective area of the compression flange; 35.2.3 

Aef,w,c effective area of the compression part of the web; 35.2.3 

Af gross area of the tension flange. Area of one flange. 
Floor area of the fire protection area; 

34.4, 34.5, 
35.5.2.2, 61.1, 
A8.4.2, A8.5 

Af,net net area of the tension flange; 34.4 

Afb area of dual stiffeners in a tension zone or 
compresion zone of a support; 

62.1.3 

Afc,ef effective area of the compression flange; 35.8 

Afi surface area of the fire protection area where fire 
load is uniformly distributed; 

A8.4.6 

Ag gross area of steel profile section or light steel 
structure; 

73.4, 73.11.4  

Ah surface area of horizontal ceiling openings; A8.5 

Ai chord cross-sectional area; (i=1.2…). Area of the nth 

portion of a partition of the section such that the 
interior temperature of each one may be associated 
with a uniform value (θi), at each stage of the 
process. Area of trapezium forming the cross section 
of the box beam. Parameter; 

18.2.5, 35.3, 
A3.3.1, A11.4.1 

Aj surface of wall member j, excluding openings; A8.6.1 
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Ak characteristic accidental action value. 13.2 

AL exposed perimeter area of a steel member by 
longitudinal unit; 

48.1 

Am cross-sectional area of an upright. Exposed 
perimeter area of a steel member by longitudinal 
unit; 

18.2.5, 48.1 

Anet net cross section:  34.2, 58.2, 58.5.2, 
73.13.4 

Ant net area of the zone subject to tension in terms of 
tear resistance; 

58.5.1 

Anv net area of the shear zone in terms of tear 
resistance; 

58.5.1 

Ap internal surface area of the coating per unit of length 
of the member. Gross section of the plate; 

48.2, A6.4.2.1 

Apl base plate surface; 65.2.3 

Ar portion of web of the support between the two 
moment stiffeners. Excessive thickness of bridge 
deck plate welding. 

62.1.3 

As cross-section of a stiffener in terms of calculating 
buckle resistance. Tension resistant area of the bolt; 

35.9.1, 58.6, 58.7, 
58.8, 61.2, 62.3, 
65.2.1, 65.2.5, 
76.7 

Asl area of longitudinal stiffeners situated within a width 
(b0) of the flange. Sum of the gross section of all 
longitudinal stiffeners individually. 

21.4, A6.4.2.1 

Asl,1 gross section of equivalent column on the elastic 
foundation for calculating critical local buckling 
tension on plates. Gross area of stiffener cross 
section and of the adjacent parts of the plate; 

A6.4.2.2, A6.4.3 

Asl,ef sum of effective areas of all longitudinal stiffeners 
with a gross area Asl situated within the compresion 
zone. Area of effective section due to plate local 
buckling; 

A6.4.1, A6.4.3 

At total boundary area of fire protection area (walls, 
ceiling and floor, including openings); 

A8.4.2 

Av shear area. Area of upright cross section. Surface of 
openings. Surface of vertical front openings. 

34.5, 46.4, 
71.2.3.1, A8.4.6, 
A8.5, A8.6.1, A-9
9 

Avc shear area of the column;  62.1.2, 62.1.4, 
62.3 
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Aw web area. Button weld hole area; 34.5, 34.7.1, 35.8, 
56.1, 59.10 

B deck width. Width between the corner and the free 
edge of cold-formed sections; 

38.4, 80.2 

BD distortional bi-moment to be resisted by the beam 
along longitudinal axis z; 

A3.3.1 

BEd warping torsion bi-moment; 34.6 

Bp,Rd punching shear resistance of the part beneath the 
nut or the bolt head; 

58.7 

C1 correction factor for the law of moments; 35.3 

Cd admissible limit value for the limit state to be 
checked (strains, vibrations, etc.); 

8.1.3, 

C.E. execution class; 91.2.2.5 

CE set square coefficient; 61.6 

CEV equivalent carbon value; 26.5.5, 27.1, 
27.2.1, 27.2.3, 
27.2.2, 27.3 , 
59.3.2 

Cf,d factor of friction between the base plate and 
concrete; 

65.2.1 

CLT factor; 35.3 

Cmi,0  factor; 35.3 

CmLT equivalent uniform moment factor; 35.3 

Cmy equivalent uniform moment factor; 35.3 

Cmz equivalent uniform moment factor; 35.3 

Cyy  factor; 35.3 

Cyz  factor; 35.3 

Czy  factor; 35.3 

Czz  factor; 35.3 
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D concave or convex deviation of flatness on a cold
formed profile. Fire diameter; 

80.2, A8.6.2 

D1 tool length; 92.2 

D2 distance from the tool to the wall; 92.2 

Dd damage accumulated for detail as a result of load 
cycles; 

42.3, 42.6 

Dr existing slope between orthotropic bridge decks, 
after assembly; 

80.4 

E longitudinal elastic modulus of steel; 18.2.4, 18.2.5, 
20.3, 26.2, 26.3, 
26.5.2, 32.4, 35.3, 
35.5.2.1, 35.6, 
35.8, 57.4, 61.6, 
62.1.2, 62.3, 
65.2.5, 66.2, 
71.2.3, 71.2.3.1, 
71.2.3.2, 73.7, 
73.9.2, 73.10, 
73.11.3, A6.4.2.1, 
A6.4.3, A7.2.1, 
A3.3.1, A5.2, A-9
8 

Ea modulus of elasticity of steel at 20ºC; 45.1 

Ea,θ elastic modulus in the linear phase of the stress
strain diagram for the temperature θa; 

45.1 

Ec elastic modulus between the concrete and the 
compressed base plate; 

65.2.5 

Ed design value of the effect of actions. Elastic modulus 
of steel; 

8.1.2, 8.1.3, 

Ed,desestab design value of the effect of destabilising actions; 8.1.2, Art. 33 

Ed,estab design value of the effect of stabilising actions; 8.1.2, Art. 33 

Efi,d Effects of the action of fire defined in 43.2 together 
with the concomitant mechanical actions specified in 
Art. 44, with the partial safety factors indicated 
therein; 

Art. 46, 46.8.1, Art. 
47, A8.5 

Eg internal energy of gas; A8.7.1 

EIη” cr moment due to the strain ηcr in the critical cross 
section; 

22.3.5 
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Es longitudinal elastic modulus; 32.2 

F Strength. Factor of proportionality; 59.8.2, A3.3.3 

Fb,Ed,ser flattening force on a removable pin at serviceability 
limit state; 

58.9 

Fb,Rd flattening force of the piece in the area adjacent to 
the screw; 

58.6, 58.9, 58.10  

Fb,Rd,ser flattening resistance of removable pin at 
serviceability limit state; 

58.9 

Fc,Ed force transmitted to the bracket; 60.3 

Fc,fb,Rd design compression strength of the flange and web 
of the beam; 

61.2.1, 62.2.2  

FC,Rd strength of the compresion zone resulting from 
stresses transmitted from compressed elements of 
the support to the foundation through the base plate; 

65.2.2 

Fc,wc,Rd maximum compression stress that can be resisted 
by the compresion zone on the support; 

62.1.2, 62.2.2  

Fch,Rd tensile strength of steel-bolt set in joints with an end 
sheet and high-strength pre-loaded bolts; 

58.7 

Fcr Critical load of elastic instability for a certain form of 
lateral instability in a non-translational structure, 
under the configuration of the combination of actions 
to be considered. Critical transverse load of local 
web local buckling against the concentrated load; 

23.2, 35.6 

Fd design value of an action F.  Section 12 

Fe,Rd failure resistance on the edge of a weld point in a 
resistance weld; 

73.13.4 

FEd design value of applied transverse strength. Design 
load acting on the structure for the combination of 
actions. Design compression reaction value of the 
support; 

21.6, 23.2, 35.6, 
35.7.2, 58.3, 58.9, 
58.10, 59.3.4, 
60.2.2, 61.3, 
62.1.3, 66.2 

FEd,ser design compression reaction value of the support at 
serviceability limit state; 

66.2 

FH,Ed design horizontal strength, estimated on the lower 
level of each storey, resulting from the horizontal 
loads acting on each level, including the effects of 
imperfections; 

23.2.1 

Fi,Ed stress on each bolt resulting from the relative rotation 
between pieces to be joined in a bolted eccentric butt 
joint; 

60.2.2, 60.2.2  
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Fk characteristic value of an action. Point force; Section 11 

Fnet,Rd net sectional strength of a weld point in a resistance 
weld; 

73.13.4 

FRd strength of the web against concentrated transverse 
loads; 

35.6, 58.10, 
60.1.2, 60.2.2, 
62.1.3, 62.1.5, 
62.2.1, 62.4.3  

FRdu maximum concentrated compression strength that 
can act on the concrete according to Spanish EHE
08 standards; 

65.2.2 

Fs point load; 35.6 

Fs,Ed stress to be transmitted by the bolt; 58.2 

Fs,Rd slip resistance of a high-strength pre-loaded bolt; Section 39, 58.2, 
58.8 

Fs,Sd design force in service of the bolt; Section 39 

Ft,Ed tensile force on a bolt in the direction of its axis; 58.7, 58.7.1, 58.8  

FT,ep,Rd design tension resistance for a single row of bolts of 
a bending end sheet; 

61.2.1, 62.2.2  

Ft,fc,Rd strength of the support flange; 62.1.2, 62.2.2  

FT,i,Rd design tensile resistance for an equivalent T-shaped 
bearing; 

61.2 

Ft,Rd design strength per bolt; 58.7, 58.7.1, 61.2  

FT,Rd design tension resistance of an equivalent T-shaped 
bearing; 

61.2, 61.2.1, 
62.2.1, 62.2.2  

Ft,wb,Rd design tension resistance for a single row of bolts of 
a tensile beam; 

61.2.1, 62.2.2  

Ft,wc,Rd chord support; 62.1.2, 62.2.2  

Ftb,Rd flattening and tearing strength of a weld point in a 
resistance weld; 

73.13.4 

Ftr,Rd effective design tensile resistance of a row of bolts r; 61.2.1, 62.2.2  

Fv,Ed calculated vertical resistance, estimated on the lower 
level of each floor, resulting from the vertical loads 
acting on each level. Design stress on a bolt in the 
normal direction of its axis; 

23.2.1, 58.6, 
58.7.1, 58.9 
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Fv,Rd shear force of the bolt or weld point in a resistance 
weld; 

58.6, 58.7, 58.9, 
58.10, 73.13.4  

FV2,Rd shear and flattening force of the bolt against the 
base plate or against the lock washer; 

65.2.1 

Fw,Ed design force to be transmitted in a button or slot 
weld. Design shear on the chord or weld point in 
overlapping joints made with arc welding; 

59.10, 60.1, 
60.1.1, 60.2.1, 
73.13.5.1, 
73.13.5.2 

Fw,Rd shear force of the chord or weld point in overlapping 
joints made with arc welding; 

73.13.5.1, 
73.13.5.2 

Fw,Sd strength of a button or slot weld; 59.10 

G permanent action value. Modulus of transverse 
elasticity of steel. Gross sectional centre of gravity. 
Modulus of transverse elasticity of neoprene;  

9.2, 18.2.4, 18.2.5, 
20.7, 32.4, 66.1, 
73.11.3, A3.3.3 

G* value of the non-constant permanent action; 9.2, 

G´ centroid of the effective section; 20.7 

Gkj characteristic permanent action value.  13.2 

G* 
j,k characteristic value of non-constant permanent 

actions; 
13.2 

H altitude (metres above sea level). Height of the 
building. Horizontal force. Difference between axial 
forces on each side of the node. Horizontal force that 
the support is able of transmitting. Height of the fire 
protection area. Distance between fire source and 
ceiling; 

Art. 11, 37.1, 
37.2.2, 50.2, 60.3, 
66.1, A8.5, A8.6.2 

HEd design value resulting from the total horizontal 
actions, at the base of the building, for the 
combination of actions considered; 

22.3.1 

Hi height of one storey of the building; 37.1, 37.2.2 

Htd design value of transverse strength equivalent to the 
initial defects of verticality in compressed elements; 

22.3.3 

Hu net calorific value of the material; A8.4.4, A8.4.6 

Hu0 net calorific value of the dry material; A8.4.4 

Hui net calorific value; A8.4.2 

HV Vickers hardness test; 66.2, 77.5.5 
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I second moment of area of the cross section; 34.5, 35.3, 61.1, 
73.11.3, A5.2 

ICES-EA sustainability contribution index of steel structure; A11.1, A11.3, 
A11.5, A11.6.1, 
A11.6.2 

ISMA-EA environmental sensitivity index of steel structure; A11.1, A11.3, 
A11.4, A11.4.1, 
A11.5 

Ib second moment of area of the beam connected at 
the joint. Inertia to distortional warping of the section 
in a symmetric single-cell box beam; 

57.4, A3.3.1 

Ic second moment of area of the column connected at 
the joint; 

57.4, 65.2.5 

Icor inertia of the chord on the plane; 71.2.3.2 

Ief second moment of area of the effective section. 
Effective inertia of the compound member; 

20.7, 71.2.3, 
71.2.3.1, 71.2.3.2, 
A6.2 

Ief,f second moment of area of the compressed flange 
reduced around the weak axis of the section; 

35.2.3 

If second moment of area of the set of both flanges in 
relation to the axis of inertia of the piece; 

61.1 

Ii second moment of area of the cross section of a 
chord (i=1,2); 

18.2.5 

Im second moment of area of the cross section of an 
upright; 

18.2.5 

Imνn minimum inertia; 67.2.1.2 

Inet second moment of area of the net section of the 
transverse stiffener; 

A7.2.4 

Ip polar second moment of area of the chord area in 
relation to its centroid. Inertia of the fastener on the 
plane. Bending inertia of the plate. Polar second 
moment of area of the stiffener alone around the 
edge fixed to the stiffened plate; 

60.2.1, 71.2.3.2, 
A6.4.2.1, A7.2.1 

Isl second moment of area of longitudinal stiffening 
around the z-z axis. Second moment of area of the 
plate; 

35.5.2.1, 35.9.3.3, 
A6.4.2.1 

Isl,1 second moment of area of the gross section of the 
column around an axis passing through its centroid 
and parallel to the plane of the sheet. Inertia of the 
gross cross section of the longitudinal stiffener and 
adjacent parts of the sheet, with respect to the 
bending axis, resulting in a warping of the stiffener 
outside the plane of the sheet; 

A6.4.2.2, A6.4.3 
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Ist second moment of area of the transverse stiffener; A7.2.1 

IT St. Venant torsional constant for the stiffener alone; A7.2.1 

It St. Venant’s torsional inertia; 18.2.4, 73.11.3  

Iw warping inertia. Second moment of area of the 
framework member for the web of the box;  

18.2.4, 34.6, 61.1  

Iy effective load length; 35.6, 35.7.2 

K Stiffness effective coefficient of the beam; A5.2 

Ki parameter; A11.4.1 

K1, K2 Stiffness coefficients for the longitudinal sections 
adjacent to the support; 

A5.2 

Kb  average Ib/Lb value for all beams at the top of the 
storey; 

57.4 

Kc  average Ic/Lc value of columns at the top of the 
storey. Coefficient of stiffness of column I/L;  

57.4, A5.2 

KD stiffness constant of the diaphragm; A3.3.1 

Ki,j Stiffness effective coefficient of the beam (with i=1.2 
and j=1.2); 

A5.2 

Kv notch impact value; 26.2 

L longitudinal span length. Bracket length. Element 
length. Weld chord lengths. Total slot length. Base 
plate depth. Gauge length; 

21.1, 22.3.2, 22.4, 
27.2.2, 27.2.4, 
34.1.2.5, 35.3, 
37.2.1, 37.2.2, 
37.3.1, 37.3.2, 
40.2, 42.6, 45.1, 
46.3, 59.3.6, 60.3, 
61.6, 65.2.3, Art. 
67, 71.1, 71.2.3, 
71.2.3.2, 72.3, 
73.8, 73.11.3, 
80.2, 80.4, A5.2 

L1 free distance between partial chord ends in 
discontinuous welds, on the same face or on 
different faces, in tension pieces. Distance between 
adjacent stiffeners; 

59.3.4, 80.2 

L2 free distance between partial chord ends in 
discontinuous welds, on the same face or on 
different faces, in compresion or shear pieces. 

59.3.4, 80.2 
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Distance between adjacent stiffeners; 

Lb length of the beam connected at the joint. Bolt 
extension length. Bolt tightening length, distance 
from the mid-point of the nut to the mid-point of the 
head. Rod length. Lattice diagonal length; 

57.4, 62.3, 65.2.5, 
A3.3.1 

Lc length of the column connected at the joint; 57.4, 65.2.5 

Lcor chord buckling length. 71.2.3.1 

Lcr buckling length at the plane of the bending buckle; 35.1.3, A5.1, A5.2 

Lf length of flames in a localised fire; A8.6.2 

Lfi buckling length in a fire situation; 46.3 

Lh horizontal flame length; A8.6.2 

Lj joint length, measured in the direction of force to be 
transmitted between centres of end bolts; 

60.1.2 

Lp geometric diagonal length of the cross section of the 
box; 

A3.3.1 

Lw length of each partial chord in discontinuous welds; 59.3.4, 59.8.1, 
59.8.2, 59.10, 
60.3, 61.4, 
73.13.5.2 

Lw,e length of end edge angle weld, parallel to the 
direction of stress; 

73.13.5.1 

Lw,s length of side angle weld, parallel to the direction of 
stress; 

73.13.5.1 

Lwe partial chord length in discontinuous welds on the 
edges of the pieces to be joined; 

59.3.4 

Lwef effective length of an angled weld chord; 59.8.1 

Lwi length of a weld chord at the joint; 60.1.1 

M Bending moment; 20.7, 57.2, 60.3  

M0,Ed design bending moment in the chord; 64.2 

Mb,fi,t,Rd design bending strength against the lateral buckling 
of a member with a grade 1, 2, or 3 section, with a 
maximum steel temperature in the section’s 

46.5 
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compression flange (θa,com) at a time (t) in the fire 
process; 

Mb,Rd design bending strength against lateral buckling; 35.2.1, 73.11.3  

Mb,V,Rd design lateral buckling strength of a plate without 
lateral bracing subject to bending stress around the 
strong axis at room temperature, including the 
reduction resulting from shear stress, where 
applicable; 

46.5 

Mb1,Ed design bending moment on one side of the support; 62.1.2, 62.1.4, 
62.3 

Mb2,Ed design bending moment on the other side of the 
support; 

62.1.2, 62.1.4, 
62.3 

Mc,Rd design bending strength of the cross-section; 34.4, 34.7.2.1, 
35.2.3, 62.1.2, 
73.11.2 

Mc,T,Rd design bending strength of a cross-section subject to 
bending and warping; 

34.6 

Mcr critical elastic lateral buckling moment; 35.2.2. 35.2.2.1  

MEd design value of the bending moment. Design value 
of the maximum bending moment of the compound 
member, considering second-order effects; 

34.4, 34.7.2.1, 
34.7.2.2, 34.7.2.3, 
35.2.1, 35.2.2.1, 
35.2.2.2, 35.7.1, 
35.7.2, 53.2, 56.1, 
57.3, 57.5, 58.9, 
60.2.1, 60.2.2, 
61.1, 61.2.1, 
62.1.1, 62.2.2, 
65.2.1, 71.2.3, 
73.11.3, A6.5, A-9
13 

M´Ed design value of the maximum bending moment at the 
centre of the compound member, without 
considering second-order effects; 

71.2.3 

MEd,1 design bending moment in member 1; A-9-2, A-9-3 

MEd,ser bending moment affecting removable pin at 
serviceability limit state; 

58.9 

MEdw design bending moment resulting from the bending 
force in the splice section and from shear eccentricity 
in a butt joint with splice plate; 

61.1 

Mel elastic bending moment of the section of the piece;  56.1 

Mf,Rd design bending strength of the cross section 
considering effective flange sections only; 

35.5.2.2, 35.7.1  
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Mf,Rk characteristic bending strength of the cross section 
considering effective flange sections only; 

35.5.2.2 

Mfi,Ed design bending moment in a fire situation; 46.4, 46.6 

Mfi,t,Rd design value of the bending moment strength for a 
time (t) of the fire process; 

46.4 

Mfi,θ,Rd design bending strength of a grade 1, 2 or 3 section 
with lateral buckling and with a uniform temperature 
(θa,t); 

46.4 

Mi section bending moment for individual load “i” for 
calculating coefficient Ψel 

21.3.3 

Mi,Ed design bending moment in each joint in the bolted 
eccentric butt joint; 

60.2.2 

Mip,1,Rd design bending strength of the joint, expressed in 
terms of the interior bending moment of element 1 at 
the plane of the joint; 

A-9-3, A-9-4, A-9
10, A-9-11, A-9-18 

Mip,i,Ed design value of bending moment at the plane of the 
joint; 

64.6.2, 64.7.2.1, 
64.8 

Mip,i,Rd bending moment joint strength at the plane of the 
joint; 

64.6.2, 64.7.2.1, 
64.8 

Mj,Ed design bending moment at the joint; 57.5, 62.2.2 

Mj,Rd design bending moment resistance of a joint; 61.2.1, 62.1.5, 
62.2.1, 62.2.2, 
62.4.1, 62.4.3  

Mk,i mass of combustible material; A8.4.3 

MN,Rd plastic resistance of the effective section, due to the 
existence of axial force NEd; 

34.7.2.1, 35.7.1  

Mop,1,Rd design bending strength of the joint, expressed in 
terms of the interior bending moment of member 1 
outside the plane of the joint; 

A-9-2, A-9-3, A-9
4, A-9-11 

Mop,i,Ed design value of bending moment at the normal plane 
of the joint; 

64.6.2, 64.7.2.1  

Mop,i,Rd bending moment joint strength at the normal plane of 
the joint; 

64.6.2, 64.7.2.1  

Mpl plastic moment of the section of the piece; 56.1 

Mpl,Rd design plastic bend strength; 35.3, 35.7.1, 53.2, 
57.3, 61.2, 61.6, 
62.4.1, 73.11.2  

MRd ultimate moment in the moment-rotation diagram for 
the joint subject to bending moment; 

57.2, 57.3, 57.5, 
58.9 

ANNEXES page 13 



 

 
 

   

  

 
 

 

   

    

   
 

 

 

  
 

  
 

  

 

 

  

 

 

  

MRd,ser bending resistance of removable pin at serviceability 
limit state; 

58.9 

MRk characteristic critical cross section bending strength; 22.3.5, 35.3 

Mt torsional moment applied to the bolt; 76.7.1 

MV,Rd ultimate bending moment of the single bending 
section at room temperature, including the reduction 
resulting from shear stress, where applicable; 

46.4 

Mx,Ed design torsional moment concomitant with Nc,Ed; 65.2.1 

My,Ed maximum design bending moment strength between 
bracing points. Maximum design bending moment 
strength along the member around the y-y axis;  

35.2.3, 35.3 

My,V,Rd design plastic bending strength for H sections with 
equal flanges bending around the main axis of inertia 
of the section, considering the interaction with shear 
stress and torsional stress; 

34.7.1 

Mz,Ed maximum design bending moment along the 
member around the z-z axis; 

35.3 

N normal stress. Number of specifications; 20.7, 41.1, 48.4, 
59.3.5, 60.3, 
65.2.2, 72.4.3, 
A5.2, A6.6 

N0 design pre-loaded force on the bolt; 58.2, 58.8, 65.2.3, 
76.7, 76.7.1 

N0,Ed axial design force on the chord; 64.2, A-9-5, A-9-6, 
A-9-16 

N0,Rd design axial force strength on the chord; A-9-9, A-9-17, A-9
19 

N1 axial compression force applied to a section of the 
chord; 

72.4.1 

N1 axial force applied to member 1; A-9-1, A-9-3, A-9
5, A-9-6, A-9-7, A
9-10, A-9-12, A-9
14, A-9-15, A-9-19 

N1,Ed design axial force on element 1; A-9-5, A-9-6, A-9
12, A-9-16 

N1,Rd design axial force strength on element 1; A-9-1, A-9-2, A-9
3, A-9-5, A-9-7, A
9-10, A-9-12, A-9
17 

N2 axial compression force applied to the other section 
of the beam. Axial force applied to element 2; 

72.4.3, A-9-1, A-9
5, A-9-6, A-9-7, A
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9-12, A-9-15, A-9
16, A-9-17 

N2,Ed design axial force on element 2; A-9-5, A-9-6, A-9
12, A-9-16 

N2,Rd axial force design strength on element 2; A-9-1, A-9-5, A-9
12 

N3 axial force applied to element 3; A-9-5, A-9-12 

N3,Ed design axial force on element 3; A-9-9 

Nb,fi,t,Rd design buckling strength of a element subject to 
compression whose section, of an area A, is grade 1, 
2, or 3. 

46.3 

Nb,Rd design buckling strength of the compresion element; 35.1.1, 71.2.3, 
71.2.3.1, 73.11.3  

Nc,Ed absolute value of the design compression stress 
transmitted by the base plate to the foundation; 

65.2.1 

Nc,Rd design strength of compresion section; 34.2 

Nc,Sd absolute value of the design compression stress 
transmitted by the base plate to the foundation, 
including any pre-stressed force from the anchor 
bolts; 

65.2.1 

Ncor,Ed design value of the axial compression force on a 
chord between two consecutive links; 

71.2.3, 71.2.3.2  

Ncr critical elastic axial force for the form of buckling in 
question. Effective elastic axial force of the 
compound member; 

22.3.2, 24.3.1, 
35.1.2, 35.1.3, 
35.1.4, 35.3, 41.1, 
71.2.3, 73.11.3, 
A5.2 

Ncr,F critical elastic axial buckling stress due to bending; 73.11.3 

Ncr,T critical elastic axial buckling stress due to torsion; 35.1.4, 35.3, 
73.11.3 

Ncr,TF critical elastic axial buckling stress due to torsion and 
bending; 

35.1.4, 73.11.3  

NEd design value of the axial compression force on the 
element in question. Design value of the axial 
compression force on the centre of the compound 
member; 

22.3.1, 22.3.2, 
22.3.3, 22.4.1, 
24.3.1, 34.1.2.4, 
34.2, 34.3, 
34.7.2.1, 34.7.2.2, 
34.7.2.3, 35.1.1, 
35.1.2, 35.3, 
35.5.2.2, 35.7.1, 
35.7.2, 53.2, 56.1, 
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58.5.1, 61.1, 
61.2.1, 62.2.2, 
62.3, 62.4.1, 
65.2.2, 71.2.3, 
73.11.3, A6.5, 
A7.2.1, A-19-3 

NE critical elastic axial force (Euler critical buckling load) 
of the stiffening member; 

40.1, A5.2 

NEd,1 design value of the axial compression force on 
element 1; 

A-9-2, A-9-3 

NEdf axial force resisted by each of the flange joints in a 
butt joint with splice plate; 

61.1 

NEdw guided axial force following the direction of the piece 
distributed evenly among all bolts in a joint with 
splice plate; 

61.1 

NEf,Rd tear resistance; 58.5.1 

Nfi,Ed design value of the axial force in a fire situation; 46.4, 46.6 

Nfi,t,Rd design strength of a section subject to pure tension 
and with an uneven temperature distribution at time 
(t) during the fire process; 

46.2 

Ni axial compression force applied to element i of the 
joint; 

A-9-7, A-9-8 

Ni,Ed design axial force on the brace member i; 64.2, 64.6.2, 
64.7.2.1, 64.8, A
9-5, A-9-13 

Ni,Rd design value of the reistance of axial force joint; 64.6.2, 64.7.2.1, 
64.8, A-9-1, A-9-5, 
A-9-7, A-9-8, A-9
9, A-9-13, A-9-14, 
A-9-15, A-9-17, A
9-19 

Nj axial compression force applied to element j of the 
joint; 

A-9-7, A-9-17 

Nj,Ed design value of the axial force at the joint; 61.2.1, 62.2.2  

Nj,Rd design value of resistant axial force at the joint, 
assuming no moment is applied; 

61.2.1, 62.2.2  

Nmαx maximum vertical reaction on the support in N; 66.1 

Nmin minimum vertical reaction on the support in N; 66.1 

ANNEXES page 16 



 

 

  

 

  

   

 

  

  

  

  

   

  

 

   

  
 

   

  
 

  

  

 
 

Nnet,Rd design strength under tension of the net area; 34.2 

Np plastic axial force of the section of the piece; 56.1 

Np,Ed axial force disconnecting the components of the 
diagonals or uprights parallel to the chord axis; 

64.2 

Npl,0,Rd design plastic resistance of the section at the chord; A-9-5, A-9-6, A-9
16 

Npl,Rd design plastic resistance of the gross section; 34.2, 34.7.2.1, 
46.2, 53.2, 61.2.1, 
62.2.2, 62.3, 
62.4.1, A-9-13 

NRd design resistance of the joint; 60.1.2 

NRK characteristic axial force resistance of the critical 
cross section; 

22.3.5, 35.3 

Nt axial tension force on the diagonal of length dt; 72.4.3 

Nt,Rd design strength of the tensile section; 34.2 

Nu,Rd ultimate design strength of the net cross section; 34.2, 58.5.2 

Nx,Ed design axial force for a joint in x; A-9-5 

Ñ number of error cycles in each stress range; 42.6 

Ñσ number of consecutive times ∆σ direct stress ranges 
have to be applied to exhaust the fatigue resistance 
of the detail following the corresponding S-N curve, 
reduced using the coefficient γMf; 

42.3 

Ñτ number of consecutive times ∆τ shear stress ranges 
have to be applied to exhaust the fatigue resistance 
of the detail following the corresponding S-N curve, 
reduced using the coefficient γMf; 

42.3 

O factor of openings; A8.5, A8.6.1 

Olνm limit factor of openings; A8.6.1 

Pi individual point load. Value assumed by the 
representative function for each indicator; 

70.4, A11.4.1, 
A11.4.3.1, 
A11.4.3.2, 
A11.4.3.3, 
A11.4.3.4, 
A11.4.3.5, 
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A11.4.3.6 

Pk characteristic maximum humidity percentage of 
protective materials admitted in designs. Total 
gravitational load above the ground; 

45.2, 48.2, 50.2  

Pr deviation in the adjustment of orthotropic decks in 
the assembly of bridges; 

80.4 

Q variable action value. Leverage. Heat release rate;  9.2, 61.2, A8.4.6, 
A8.6, A8.6.2, 
A8.7.1 

Qc convection part of the heat release rate; A8.6.2 

Qfi,k characteristic fire load; A8.4.2 

QH* non-dimensional heat release rate; A8.6.2 

Qk characteristic variable action value; 42.3 

Qk,1 characteristic value of the determinant variable 
action; 

13.2, Art. 44 

Qmαx maximum heat release rate; A8.4.6 

Qrad loss of energy through openings; A8.7.1 

Qwall loss of energy through surrounding surfaces; A8.7.1 

Rd design structural response; 8.1.2, 15.2 

RD reactions in springs obtained in the equivalent beam 
model, for the dimensioning of diaphragms; 

A3.3.3 

RD,rνgido reactions in springs obtained in the equivalent beam 
model, suppressing fixed supports in sections where 
diaphragms are located; 

A3.3.3 

Rfi,d,0 Rfi,d,t value for t=0, i.e. at room temperature; 46.8.1, Art. 47 

Rfi,d,t respective resistances, assuming the member 
subject to temperature distribution (θ) at the specific 
time (t) of the fire process; 

Art. 46, 46.8.1, 
A8.5 

RHRf Maximum rate of generation of heat produced in 1 
m2 of fire, in the case of fuel-controlled fire; 

A8.4.6 

Rk characteristic structural response value; 15.2 
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S elastic area moment of the cross section above the 
point in question. Stress range. Section factor 
expressed in m-1. Required shear stiffness of the 
strap; 

34.5, 42.5, 48.1, 
48.4, 56.1, 73.11.3 

Sch stiffness provided by the sheet; 73.11.3 

SD effective stresses on the different elements that 
make up the diaphragm; 

A3.3.3 

SD,rνgido stresses obtained in the case of rigid diaphragms; A3.3.3 

Sj rotational stiffness of the joint; 57.2, 57.5, 65.2.5  

Sj,ini initial rotational stiffness of the joint; 57.2, 57.4, 57.5, 
62.3, 65.2.5 

Sp section factor of the protected member in m-1; 48.2, 48.4 

Sv shear stiffness of triangulation used for the link or 
battened panel  

71.2.3, 71.2.3.1, 
71.2.3.2 

T thickness of orthotropic bridge decks. Temperature;  80.4, A8.7.1 

Tc,Rd design strength tension of cross-section; 34.6 

TEd design value of torsional stress. Design value of 
tensile force in the bolt; 

34.6, 65.2.3 

To minimum service temperature to consider in the site 
of installation of the structure; 

32.3 

Tref reference temperature in the steel; 32.3 

Tt,Ed component of torsional force corresponding to St. 
Venant’s uniform torsion; 

34.6 

Tw,Ed component of torsional force corresponding to 
warping torsion; 

34.6 

V steel volume of the element per unit of length in 
m3/m; 

48.1, 48.2 

V0,Ed design value of the shear stress in the chord; A-9-5, A-9-6, A-9
16 

Vb,Rd design web local buckling strength; 35.5.2, 73.10 

Vbf,Rd contribution of flanges to shear local buckling 
strength of the element; 

35.5.2, 35.5.2.2  

Vbw,Rd contribution of the web to shear local buckling 
strength of the member; 

35.5.2, 35.7.1  
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Vc design wind speed; 38.4 

Vc,Rd design shear strength of the section; 34.5, 46.4 

Vc1,Ed shear force applied at the joint by connected 
members; 

62.1.4 

Vc2,Ed shear force applied at the joint by connected 
elements; 

62.1.4 

VEd design value of the total vertical actions, at the base 
of the building, for the combination of actions 
considered. Design value of the shear force; 

22.3.1, 34.5, 34.6, 
34.7.1, 34.7.3, 
35.5.2, 35.7.1, 
35.9.3.3, 35.9.3.5, 
53.2, 56.1, 61.1, 
61.2.1, 61.3, 61.4, 
61.5, 61.6, 62.1.1, 
62.2.2, 71.2.3, 
71.2.3.2, A7.2.4, 
A-9-19 

VEd,G cutting forces due to non-seismic actions; 53.2 

Vfi,Ed design value of the shear force in a fire situation; 46.4 

Vfi,t,Rd design strength of a grade 1, 2, or 3 shear stressed 
section at a given time (t) during the fire process; 

46.4 

Vi factor; A11.4.1 

Vk combined shear for the storey; 50.2 

Vp plastic shear of the section of the piece; 56.1 

Vpl,0,Rd design plastic shear strength at the chord; A-9-5, A-9-6, A-9
16 

Vpl,Rd design plastic shear strength; 34.5, 34.7.1, 
34.7.3, 53.2, A-9
19 

Vpl,T,Rd design strength of the section against shear force 
and torsional moment; 

34.6, 34.7.1 

VR maximum shear force that can be transmitted 
through friction by the base plate to the support 
foundation; 

65.2.1 

VRd,w weld strength; 61.6 

VRd1 beam web resistance to local flattening; 61.5, 61.6 
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VRd2 angular bearing weld chord resistance; 61.5, 61.6 

VRd3 shear strength of the angle bearing flange; 61.5 

Vwp,Ed design shear strength of the web of a non-rigid 
column; 

62.1.4 

Vwp,Rd design plastic shear strength of the web of a non
rigid column; 

62.1.4, 62.2.2  

Vy,Ed design shear force component along the y axis; 65.2.1 

Vz,Ed design shear force component along the z axis; 65.2.1 

W shear modulus. Width of the piece to be joined; 35.2.1, 35.2.3, 
35.3, 56.1, 59.3.6  

Wef shear modulus of the effective section; 20.7, 34.7.2.3, 
35.3, 73.9.3, 
73.11.3, A6.2, 
A6.4.1, A6.5 

Wef,min minimum elastic shear modulus of the effective cross 
section; 

22.3.5, 34.4 

Wel elastic shear modulus to bending; 34.7.2.2, 35.3, 
58.9, 73.11.2, A5.2 

Wel,0 elastic shear modulus of the chord; 64.2 

Wel,1 elastic shear modulus of the section of member 1; A-9-2, A-9-3 

Wel,min minimum elastic shear modulus of the section; 22.3.5, 34.4 

Wpl plastic shear modulus of the section; 22.3.5, 34.4, 
34.7.1, 35.3, 
73.11.2 

Wpl,1 plastic shear modulus of the section of member 1; A-9-11 

Z contraction expressed as a percentage; 26.2, 26.5.2 

A1.1.2 Roman Lower Case  

a value of geometric data. Size. Factor. Distance 16.1, 18.2.5, 
between transverse stiffeners. Weld neck thickness. 
Upper size on ground of neoprene support. Minimum 

34.7.2.1, 35.5.2.1, 
35.5.2.2, 35.6, 

distance permitted between sections or between one 
section and an adjacent surface. Length of the sheet 
with or without stiffeners. Distance between 

35.9.3.3, 59.7, 
59.8.2, 59.9.2, 
59.10, 61.2, 61.3, 
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transverse stiffeners; Factor of social contribution of 
the structure to sustainability; 

61.4, 61.5, 61.6, 
64.3, 64.8, 66.1, 
71.2.3.1, 71.2.3.2, 
80.2, 92.2, A6.3, 
A6.4.2.1, A6.4.2.2, 
A6.4.3, A6.5, 
A11.5 

a1, a2 lengths of the panels adjacent to the transverse 
stiffener; 

A7.2.1 

a1, a2,…a5 individual factors of social contribution of the 
structure to sustainability; 

A11.5, A11.6.1 

ab throat thickness of the joint of beam flanges to the 
support; 

62.1.1, 62.1.2  

ac throat thickness of chords at flange-web joints in the 
support. Buckling length of the equivalent column;  

62.1.1, 62.1.2, 
62.2.1 

ad design value of geometric data; 16.1 

af factor; 34.7.2.1 

ai throat thickness of one of the weld chords at the 
joint; 

60.1.1 

ak characteristic geometric data value; 16.1 

aLT factor; 35.3 

anom nominal geometric data value; 16.1 

ast gross cross sectional area, per unit of length, of 
stiffeners situated in the area affected by the load 
beneath the cover plate, for loads applied on the 
plane of the web of a section; 

21.6 

aw factor; 34.7.2.1 

b size. Section width. Double the height of the 
compresion panel (or subpanel). Weld chord width. 
Slot width. Distance between bolts. Lower size of the 
base plate. Lower size on the ground of the 
neoprene support. Width of the welded plate or strip. 
Width of the sheet with or without stiffeners. Factor. 
Coefficient of contribution of the structure to 
sustainability through extension of the working life;  

18.2.5, 20.7, 21.4, 
34.5, 35.1.2, 
35.2.2, 35.2.2.1, 
40.2, 42.6, 48.1, 
48.2, 58.9, 59.3.4, 
59.5, 60.3, 61.3, 
61.5, 65.2.1, 66.1, 
73.5, 73.6, 
73.13.5.1, 80.2, 
80.3, A6.3, 
A6.4.2.1, A6.4.2.2, 
A6.5, A7.2.1, A8.5, 
A8.6.1, A11.5 
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b0 width of the outstanding area of linear members for 
shear lag purposes. Hollow rectangular profile width. 
Chord width. Width of sheet between longitudinal 
stiffeners; 

21.1, 21.3.2, 
21.3.5, 21.4, 21.5, 
34.1.2.5, 42.6, 
64.2, 64.7.1, 
64.7.2.1, 64.8, 
64.9, A7.2.3, A-9
7, A-9-9, A-9-10, 
A-9-11, A-9-12, A
9-13, A-9-14, A-9
15, A-9-17, A-9-18, 
A-9-19 

b1 length of the second piece to be joined at the fillet 
joint. Width of the hollow profile of diagonal or 
upright 1. Flange width. Size. Distance between 
stiffeners or between the stiffener and the edge of 
the equivalent sheet or column; 

59.3.4, 64.7.2.1, 
64.9, 80.2, A6.4.1, 
A6.4.2.1, A6.4.2.2, 
A-9-2, A-9-3, A-9
7, A-9-8, A-9-9, A
9-10, A-9-11, A-9
12, A-9-17, A-9-18, 
A-9-19 

b1e effective width for exterior flanges for shear lag 
purposes; 

21.3, 21.4 

b2 width of the hollow profile of diagonal or upright 2. 
Flange width. Size. Distance between stiffeners or 
between the stiffener and the edge of the equivalent 
sheet or column; 

64.7.2.1, 80.2, 
A6.4.1, A6.4.2.1, 
A6.4.2.2, A-9-7, A
9-8, A-9-9, A-9-12, 
A-9-17, A-9-19 

b3 size. Distance between stiffeners or between the 
stiffener and the edge of the equivalent sheet or 
column. Width of the hollow profile of diagonal or 
upright 3; 

80.2, A6.4.1, A-9
12 

b4 size; 80.2 

bb beam flange width; 62.1.1 

bc width of support flanges. Width of the compresion 
part of the element or subpanel; 

62.1.1, A6.4.2.1, 
A6.4.2.2, A6.4.3 

bc,loc Width of the compresion part of each subpanel; A6.4.1 

be effective width for interior flanges for shear lag 
purposes; 

21.3, 21.4, 21.6  

be,f effective width of the bending column flange; 62.1.1, 62.3 

be,ov effective width of the covering filler bar at the 
connection to the covered filler bar; 

A-9-7, A-9-17, A-9
19 

be,p effective width of the bending end sheet. Effective 
punching width; 

62.3, A-9-8, A-9-9, 
A-9-10 
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bef effective width of the beam flange. Effective width of 
the concrete area under one compressed column 
flange. Effective width in compresion interior panels; 

62.1.1, 62.1.2, 
65.2.2, 65.2.5, 
73.9.2 

beff effective filler bar width at the connection to the 
chord; 

64.8, A-9-7, A-9-8, 
A-9-9, A-9-10, A-9
11, A-9-18, A-9-19 

beff,t,wb effective width of the tension beam web at a bolted 
joint with end sheet; 

61.2.1 

bf width of the flange leading to the lowest resistance to 
shear local buckling; 

35.5.2.2, 35.6  

bfal total uninterrupted length of the skirt in the front or 
cover structure; 

73.11.3 

bg length of the transverse stiffener between flanges; A7.2.4 

bi width of diagonal or upright i; 64.2, 64.6.1, 
64.7.1, 64.7.2.1, 
64.8, 64.9, A-9-7, 
A-9-8, A-9-9, A-9
10, A-9-14, A-9-17, 
A-9-18, A-9-19 

bj width of diagonal or upright j; 64.2, 64.6.1, 
64.7.1, 64.8, 64.9, 
A-9-7, A-9-17, A-9
19 

bp straight width, length of each plate element in 
uniform section parts formed by plate elements and 
the according small radius curves. Plate width; 

73.5, 73.9.1, 
73.9.2, A-9-14, A
9-15 

bs flange semi-width in closed or hat sections, width in 
sections Z or C, for bending members of wide 
flanges in comparison with the depth; 

73.7, 73.8 

bw effective width of the chord web; A-9-17, A-9-18 

c width or length of part of the cross section. Distance 
of the anchor from the diagonal tension field. Size. 
Clearance. Useful depth. Specific heat;  

20.3, 35.5.2.2, 
35.6, 48.2, 58.9, 
59.9.2, 61.6, 
65.2.2, 65.2.4, 
73.6, A8.5, A8.6.1, 
A8.7.1 

ca specific heat in J/(kgºK), variable with temperature 
(θa); 

45.1, 48.1 

cp conventional specific heat; 45.2, 48.3 

cpd design value specific coating heat; 48.2, 48.3 
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cpk characteristic value of specific coating heat; 48.3 

d size; Nominal diameter of the bolt, pin or anchoring 
member. Distance. Diagonal length. Diameter of a 
bar. Diameter of the circular neoprene support; 

18.2.5, 20.3, 29.3, 
29.4, 42.6, 58.3, 
58.6, 58.9, 60.1.2, 
61.1, 61.2, 61.2.1, 
61.6, 62.1.4, 
62.2.2, 62.4.3, 
64.2, 64.4, 66.1, 
71.2.3.1, 72.4.3, 
73.6, 76.7.1, 
76.7.3 

d0 hole diameter. Diameter of hollow circular profile. At 
welded joints between HCS hollow circular section 
profiles, chord diameter;  

34.1.2.2, 42.6, 
58.4, 58.5.2, 58.6, 
58.9, 64.2, 64.4, 
64.6.1, A-9-1, A-9
2, A-9-3, A-9-4, A
9-5 

d1 diameter of hollow profile of member 1; 64.7.2.1, A-9-1, A
9-4, A-9-5, A-9-7, 
A-9-9, A-9-15, A-9
17, A-9-19 

d2 diameter of hollow profile of member 2; 64.7.2.1, A-9-1, A
9-7, A-9-8, A-9-9, 
A-9-15 

d3 diameter of hollow profile of member 3; A-9-5 

dc straight part of column web; 62.3 

di diameter of hollow profile of member i; 64.6.1, 64.7.1, 
64.8, 64.9, A-9-1  

dj diameter of hollow profile of member j; 64.7.1 

dk relative displacement between the header and footer 
of the supports for the storey in question; 

50.2 

dLT factor; 35.3 

dm lower average diameter measured between 
circumscribed and registered circles at the nut or the 
head; 

58.7 

dp thickness of protection material. Peripheral diameter 
in an arc spot weld; 

48.2, 48.4, 
73.13.5.1 

ds design diameter of a weld point; 73.13.4 

dt length of the diagonal subject to an axial tension 
force Nt; 

72.4.3 
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dw diameter of the washer or slot of the bolt or nut head, 
as applicable. Depth of the web of an I- or H-section 
chord. Surface diameter of an arc spot weld;  

61.2, 64.8, 
73.13.5.2 

dwc column web height; 62.1.4, 62.4.3  

e distance between stiffener centres. Distance. 
Thickness. Distance from the bracket-profile joint 
weld to its centroid. Eccentricity at the node. Greater 
of the existing differences between the centroid of 
the shorter section of the stiffener and of the 
corresponding part of the support plate and the 
centroid of the plate or of the gross section of the 
stiffener alone. Maximum distance from the lower 
face of the transverse stiffener web to the neutral 
fibre of the net section of the stiffener + sheet; 

35.9.3.1, 58.3, 
59.5, 60.3, 61.2, 
61.5, 62.2.1, 64.2, 
73.13.4, A6.4.2.1, 
A6.4.3, A7.2.4 

e0 extension of the imperfection (arc deflection) of a 
element; 

22.3.2, 22.3.3, 
22.3.4.1, 22.3.4.2, 
22.3.5, 22.4, 
22.4.1, 22.5, 71.1, 
71.2.3 

e´0 scaling applied to the strain set of the critical global 
buckling mode allowing for the initial eccentricity eo; 

22.3, 22.3.5, 22.4  

e0/p warping eccentricity; 42.6 

e1 The end from the centre of the hole in the anchoring 
member to the adjacent end of any member, 
measured in the direction of the load transfer. 
Distance, measured in the direction of the axis of the 
column, from the upper row of bolts to the end of the 
column;  

42.6, 58.4, 58.6, 
62.2.1, 73.13.4  

e2 distance from the centre of the hole in the anchoring 
member to the adjacent border of any member, 
measured perpendicularly to the direction of the load 
transfer; 

42.6, 58.4, 58.5.2, 
58.6, 73.13.4  

emαx maximum distance from the extreme fibre of the 
stiffener to its centroid; 

A7.2.1 

en total thickness of the neoprene at the support; 66.1 

eN displacement of the centroid of the area of the 
effective section in relation to the centroid of the 
gross cross section. Positional eccentricity of the 
neutral fibre of the effective section against the 
neutral fibre of the gross section subject to a 
compression axial force; 

20.7, 34.1.2.4, 
34.7.2.3, 35.3, 
35.7.1, 35.7.2, 
A6.5 

f coefficient of amendment for χLT; 35.2.2.1 
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f0 frequency of the first mode of vertical vibration, 
considering only permanent loads; 

38.3 

f0.2p,θ design strength in a fire situation with a strain of 
0.2 %. 

46.7 

fb buckling strength of the lateral face of the chord; A-9-8 

fbv resistance to local buckling by shear tension; 73.10 

fck characteristic strength of foundation concrete; 65.2.2 

fd pressure of shaft against concrete at the foundation 
support joint; 

65.3 

fj base plate pressure against the concrete; 65.2.3, 66.2 

fjd maximum support foundation concrete strength; 65.2.2 

fM deflection component due to bending; 67.2.1.2 

fp,θ temperature proportionality limit (θa); 45.1 

fr fundamental torsional frequency of the structure; 38.4 

fu maximum unit load under tension or resistance to 
tension; 

26.2, 26.3, 26.5.2, 
27.1, 27.2.1, 
27.2.2, 27.2.3, 
27.2.4, 27.3. 34.2, 
34.4, 58.5.1, 
58.5.2, 58.6, 58.7, 
59.8.2, 59.10, 
60.1.1, 61.3, 61.4, 
61.5, 61.6, 73.4, 
73.13.4, 73.13.5.1, 
73.13.5.2 

fub tensile strength of steel for bolts and pins; 29.2, 29.4, 58.6, 
58.7, 58.8, 65.2.1  

fub ultimate tensile strength in bolts or pins; 58.1, 58.6, 58.7, 
62.1.1, 62.4.3, 
76.7 

fup tensile strength of pin steel; 58.9 

fuw ultimate strength of electrode material; 73.13.5.2 

fV shear deflection component; 67.2.1.2 
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fy  yield strength; 20.3, 22.3.2, 
24.3.1, 26.2, 26.3, 
26.5.2, 27.1, 
27.2.1, 27.2.2, 
27.2.3, 27.2.4, 
27.3. 32.2, 32.3. 
34.1.1, 34.2, 34.3, 
34.4, 34.6, 34.7.1, 
34.7.2.1, 34.7.2.2, 
34.7.2.3, 34.7.3, 
35.1.1, 35.1.2, 
35.1.3, 35.1.4, 
35.2.1, 35.2.3, 
35.3, 35.5.1, 
35.7.1, 35.7.2, 
41.2, 42.3, 45.1, 
46.1, 46.2, 46.3, 
46.5, 46.7, 56.1, 
58.2, 58.5.1, 58.9, 
60.2.1, 60.3, 61.2, 
61.5, 61.6, 62.1.4, 
62.4.3, 64.2, 
65.2.2, 66.2, 
A3.3.1, A3.2.2, 
A5.2, A6.4.2, 
A6.4.3, A6.5, 
A7.2.1 

fy,0 yield strength of steel chord; 64.2, 64.8 

fy,red reduced value of steel yield strength; 66.2 

fy,θ effective temperature yield strength (θa); 45.1 

fy0 yield strength of steel chord; A-9-1, A-9-2, A-9
3, A-9-4, A-9-7, A
9-8, A-9-9, A-9-10, 
A-9-11, A-9-17, A
9-18, A-9-19 

fy1 steel yield strength of diagonal or upright 1; A-9-10, A-9-11, A
9-17, A-9-18 

fya average steel yield strength of cold-formed profile or 
sheet; 

73.4, 73.11.1, 
73.11.4 

fyb yield strength of steel for bolts and pins. Yield 29.2, 29.4, 46.7, 
strength of beam flange steel. Basic steel yield 58.1, 62.1.1, 
strength of cold-formed profile or sheet;  65.2.1, 73.4, 

73.9.2, 73.9.3, 
73.10, 73.11.1, 
73.11.4 
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fybp yield strength of reinforcement sheets; 61.2 

fyc steel yield strength of support flange; 62.1.1, 62.1.2  

fyf steel yield strength of flanges. Steel yield strength of 
compressed flange; 

35.5.2.2, 35.6, 
35.8 

fyi steel yield strength of diagonal or upright i; 64.8, A-9-7, A-9-9, 
A-9-17, A-9-19 

fyj steel yield strength of diagonal or upright j; A-9-7, A-9-8 

fyk characteristic steel yield strength; 32.1, A7.2.4, A-9
11 

fyp yield strength of pin steel. Yield strength of sheet 
steel; 

58.9, A-9-14 

fyw yield strength of flange steel; 35.5.2, 35.5.2.1, 
35.5.2.2, 35.6, 
35.7.2, 35.9.3.3, 
35.9.3.5 

fywb steel yield strength of the tension beam web at a 
bolted joint with end sheet; 

64.2.1 

fywc steel yield strength of non-stiffened column web; 62.1.4 

g gap between the feet of two contiguous brace 
elements in K, N or similar joints, measured along 
the chord face in the plane of the joint, regardless of 
the thickness of the weld (negative values of g 
represent coating q): 

42.6, 64.2, 64.6.1, 
64.7.1, 64.8, A-9
1, A-9-6, A-9-9, A
9-15 

g1 distance from the outer face of the diagonal or 
upright to the face of the chord; 

64.4 

g2 distance from the inner face of the diagonal or 
upright to the face of the chord; 

64.4 

h size. Height. Structure height. Section depth. 
Effective support height. Distance. Shoe thickness. 
Belt thickness. Distance between floors. Maximum 
operator-accessible distance in a narrow space; 

20.3, 22.3.1, 34.5, 
34.7.2.1, 35.1.2, 
35.2.2, 35.2.2.1, 
35.2.3, 37.2.2, 
48.2, 61.1, 61.2.1, 
61.3, 62.1.5, 
65.2.3, Art. 67, 
73.5, 73.6, 
73.11.3, 80.2, 
80.3, 92.2 

h0 depth of hollow rectangular profile. Chord depth. 
Distance between centroids of compound member 
chords; 

42.6, 64.2, 64.7.1, 
71.2.3, 71.2.3.1, 
71.2.3.2, A-9-8, A
9-9, A-9-10, A-9
13, A-9-18, A-9-19 
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h1 distance of the straight part of the support web. 
Height between floors. Depth of brace member 1;  

62.1.2, 80.3, A-9
2, A-9-3, A-9-7, A
9-8, A-9-9, A-9-10, 
A-9-11, A-9-12, A
9-15, A-9-17, A-9
18, A-9-19 

h2 distance between floors. Depth of brace member 2;  80.3, A-9-7, A-9-8, 
A-9-9, A-9-12, A-9
15, A-9-17, A-9-19 

h3 distance between floors. Depth of brace member 3;  80.3, A-9-12 

hb beam depth; 62.4.2 

hc support depth; 62.1.4, 62.4.2  

hef effective web height; 62.1.2, 62.2, 62.3  

heq weighted average of the height of openings in all 
walls; 

A8.6.1, A8.4.6 

hi depth of member i; 64.2, 64.6.1, 
64.7.1, 64.8, 64.9, 
A-9-7, A-9-8, A-9
14, A-9-17, A-9-18, 
A-9-19 

hj depth of diagonal or upright j; 64.2, 64.6.1, 64.8, 
A-9-7, A-9-17, A-9
19 

hk distance between floors; 50.2 

hp Storey height in question; 23.2.1 

hr distance between bolt row r and the centre of 
compression; 

62.3 

hs stiffener height including sheet thickness; A7.2.4 

hw web distance. Distance between average web end 
points, measured vertically for cold-formed sections 
or sheets. Height of the rib;  

34.5, 34.7.1, 
34.7.2.1, 35.5.1, 
35.5.2, 35.5.2.1, 
35.5.2.2, 35.6, 
35.7.1, 35.8, 
35.9.3.1, 35.9.3.3, 
35.9.3.5, 35.9.4, 
73.10, 73.11.3, 
A6.4.2.1 

Heat flux received through radiation in the surface 
unit exposed to fire at ceiling height; 

A8.6.2 
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thermal flows received by surface unit exposed to 
fire at ceiling height for different, separately-located 
fires; 

A8.6.2 

net 

net heat flow incident upon the member surface unit 
exposed to fire; 

A8.2.2, A8.6.2, 
A8.7.1 

net,c 
thermal flow convection component by surface unit; A8.2.2 

net,d 
net heat flow by unit of area, in W/m2; 48.1 

net,r 
net heat flow radiation component by surface unit; A8.2.2 

tot 
total thermal flow calculated as the sum of 

etc.; 

A8.6.2 

i radius of gyration; 35.1.3, 61.2, 62.3, 
A6.4.3 

if,z radius of gyration of compresion flange equivalent to 
the weak axis of the section;  

35.2.3 

imνn minimum radius of gyration;  Art. 70, 70.5, 71.1 

k Factor. Coefficient of use;  35.8, 57.4, 73.4, 
91.2.2.5, A8.6.1 

k0.2p,θ quotient between high temperature resistance and 
yield strength at 20 °C; 

46.7 

k1 increase factor for nominal stress ranges in 
triangular structures for taking into account the effect 
of secondary moments. Adaptation factor for non
uniform temperature distributions in the cross 
section; 

42.5, 46.4 

k2 adaptation factor for non-uniform temperature 
distributions along the beam; 

46.4 

kat stiffness of each row of bolts in the base; 65.2.5 

kb stiffness of one row of bolts under tension. 
Conversion factor; 

62.3, A8.5 

kc correction factor; A8.5 

kc slenderness correction factor for considering the 
distribution of moments between bracing points. 
Stiffness provided by the concrete and base plate 
under compression; 

35.2.2.1, 35.2.3, 
65.2.5 

kE,θ ratio between the elastic modulus in the linear phase 
of the stress-strain diagram for temperature (θa) and 
the elastic modulus at 20 °C; 

45.1, 46.3, 46.6  
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keff,r effective factor of stiffness for row of bolts r; 62.3 

keq equivalent coefficient of stiffness; 62.3 

kF local buckling coefficient; 35.6 

kf Bending stiffness of column flange, corresponding to 
one row of bolts; 

62.3 

kfl correction factor; 35.2.3 

kg factor; 64.6.2, A-9-1 

kh reduction factor for the height h of the structure; 22.3.1 

kj stiffness coefficient for each basic component; 62.3 

km factor; 22.3.1, 22.4, 
22.4.1, A-9-10 

kn factor; 64.7.3, A-9-7, A-9
8, A-9-9, A-9-11 

kp bending stiffness of end sheet, corresponding to one 
row of bolts. Factor. Stiffness of bending base plate; 

62.3, 64.6.3, 
65.2.5, A-9-1, A-9
2, A-9-3, A-9-4, 

kp,θ ratio between the proportionality limit for temperature 
(θa) and the yield strength at 20 °C; 

45.1 

ks reduction factor for resistance to fatigue due to size. 
Factor used to calculate bolt slip resistance; 

42.6, 58.8 

ksh coefficient for calculating steel temperature in 
unprotected members; 

48.1 

kwc compression column web stiffness; 62.3 

kwc coefficient which takes into account the maximum 
compression tension σn,Ed of a support web, deriving 
from the axial force and design moment to which the 
support is subjected at its joint to the beam; 

62.1.2 

kwt Tension stiffness web; 62.3 

kwv shear column web stiffness; 62.3 

kzz  interaction coefficient; 35.3 

kzγ  interaction coefficient; 35.3 
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kγ non-dimensional coefficient; 22.3.5 

kγ,θ ratio between the effective yield strength for 
temperature (θa) and the yield strength at 20 °C; 

45.1, 46.2, 46.3, 
46.4, 46.6 

kγ,θ,com, 
kE,θ,com 

correction coefficients obtained at 45.1 with the 
maximum temperature of the compresion zone of the 
section (θa,com) at time (t) of the fire process in 
question; 

46.5 

kγ,θ,i ratio between the effective yield strength for 
temperature (θa) and the yield strength at 20 °C for 
the partition of a section in members of area Ai; 

46.2 

kγ,θ,V value corresponding to θv; 46.4 

kγy  interaction coefficient; 35.3 

kγz  interaction coefficient; 35.3 

kσ panel local buckling coefficient. Transverse buckling 
or warping coefficient; 

20.7, 40.2, 73.9.2  

σk,p stiffened panel local buckling coefficient; A6.4.2.1 

τk shear local buckling coefficient; 35.5.1, 35.5.2.1, 
35.9.3.3, 40.2, 
73.10 

l length; 22.3.4.1, 22.3.4.2, 
42.6, 60.2, 66.2, 
A7.2.4 

leff effective length of the area of concrete under a 
compressed column flange; 

65.2.2, 65.2.5  

leff effective length of an fillet weld or of a bolted joint; 61.2, 62.2.1 

lo  buckling length; 22.3.4.2 

lp flange plate length; A-9-14, A-9-15 

ly effective load length; 35.6 

m number of compresion member alignments in the 
plane buckling in question. Mass by unit of length of 
the structure in Kg/m. Inverse the inclination of the 
fatigue resistance curve. Distance. Corresponding 
distance of the bolt to the line forming the 
corresponding plastic hinge. Combustion factor; 

22.3.1, 38.4, 42.2, 
58.4, 61.2, 62.2.1, 
62.3, 65.2.5, 
A8.4.1, A8.4.5, 
A8.4.6, A8.7.1 
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m(z) law of distribution of outer torsional moments along 
the longitudinal axis of the symmetrical single-cell 
box beam; 

A3.3.1 

m1 non-dimensional coefficient; 35.6 

m2 non-dimensional coefficient; 35.6 

rate of variation of gas mass; A8.7.1 

fi 
mass of products generated by pyrolysis in the unit 
of time; 

A8.7.1 

mi parameter; A11.4.1 

in 
mass of air entering through openings in the 
specified unit of time; 

A8.7.1 

out 
mass of gas exiting through openings in the 
specified unit of time; 

A8.7.1 

n whole number. Factor. Number of extended holes in 
any diagonal or zigzag line through the member or 
part thereof. Number of joint bolts. Distance. Number 
of triangulation planes. Number of batten plate 
planes. Number of folds in a 90° section. Value (σ0,Ed 

/ fy,0) / γM5 used for SHR chords; 

21.1, 21.6, 
34.1.2.2, 34.7.2.1, 
58.5.1, 58.6, 58.8, 
60.1.2, 60.2.2, 
61.2, 61.3, 70.4, 
71.2.3.1, 71.2.3.2, 
73.4, 80.3, A-9-7, 
A-9-8, A-9-9, A-9
10, A-9-11 

nb number of rows of bolts; 61.2 

ni number of load cycles (i = 1, 2...n). Parameter;  42.6, A11.4.1 

np  value (σp,Ed /fy,0) / γM5 used for SHC chords; A-9-1, A-9-2, A-9
3, A-9-4 

npl factor; 35.3 

p spacing between centres of two consecutive holes 
measured perpendicular to the axis of the element. 
In K, N or similar joints, length of the intersection of 
the diagonal or upright overlapped with the chord, 
measured along its face on the plane of the joint; 

34.1.2.2, 64.2  

p(z) vertical load applied following the longitudinal axis of 
the box beam; 

A3.3.1 

p1 spacing between centres of anchoring members in 
line with the load transfer direction; 

42.6, 58.4, 58.6, 
73.13.4 
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pi,1 a pi,4  percentages; A11.4.3.1 a 
A11.4.3.4 

pi,5 factor; A11.4.3.5 

p2 distance between adjacent rows of anchoring 
members measured perpendicular to the load 
transfer direction; 

42.6, 58.4, 58.6, 
73.13.4 

q equivalent stabilisation force by unit of length. In K, 
N or similar joints, theoretical overlap length, 
measured along the face of the chord on the plane of 
the joint. Uniformly distributed lateral load; 

22.4.1, 42.6, 64.2, 
A7.2.1, A-9-1 

qfd design value of the fire load; A8.4.1, A8.6.1 

qfk Characteristic fire load density performance per 
floor area unit; 

A8.4.1 

qtd design value of the system of transverse forces 
equivalent to the initial curve in compresion 
elements. Design value of the load density to fire in 
relation to the total fire protection area At; 

22.3.3, A8.6.1 

r root radius. Radius of curvature of compresion 
flange. Mass radius of gyration. Bolt row number. 
Radius of support sphere. Horizontal distance 
between vertical axis of fire and point of ceiling for 
which the heat flow is calculated; 

34.5, 35.8, 38.4, 
42.6, 61.2, 61.2.1, 
61.5, 61.6, 62.3, 
66.2, A8.6.2, A-9
17, A-9-18 

r0 flange-web fillet radius of the I or H section chord; 64.9 

rc support flange-web fillet radius, assuming this is 
rolled; 

62.1.1, 62.1.2, 
62.2.1 

rp,ef effective thermal resistivity; 45.2, 48.4 

rp,ef,d design effective thermal resistivity of the coating; Art. 47, 48.2, 48.3 

rp,ef,k characteristic effective thermal resistivity of the 
coating; 

Art. 47, 48.2, 48.3, 
48.4 

s arc length. Distance between centres of two 
consecutive holes measured parallel to the axis of 
the member. Value obtained as s=Sp/rp,ef. Side 
length of one section of a fillet weld chord. Distance 
between splices in single supports interconnected 
with sheet linings. Separation between belts. 
Distance. Thickness of layer exposed directly to fire; 

22.3.4.1, 34.1.2.2, 
48.4, 59.8, Art. 70, 
73.11.3, A7.2.1, 
A8.6.1 

s1 separation between slots; 59.5 

s2 separation between rows of slots; 59.5 
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sd Chord extension length in cold-form sections and 
sheets; 

73.10 

se length of the load distribution area at the flange-web 
point of contact, in the case of application of loads 
on the plane of the web of a section; 

21.6 

slνm limit thickness; A8.6.1 

sp straight length of the greater section of a web in 
cold-form sections and sheets; 

73.10 

ss length of the web cover plate load application area, 
in the case of application of loads on the plane of the 
web of a section. Length of the web on which the 
load is applied;  

21.6, 35.6 

sw total straight length of a web in cold-form sections 
and sheets; 

73.10 

t element thickness. Fire time duration. Thickness of 
the thinnest piece to be joined. Thickness of each of 
the neoprene support sheets; 

18.2.5, 20.7, 21.4, 
27.1, 27.2.1, 
27.2.2, 27.2.3, 
27.2.4, 28.1, 32.3, 
32.3, 34.1.2.2, 
34.1.2.5, 34.5, 
34.7.2.1, 35.9.1, 
40.2, 42.6, Art. 46, 
46.3, 46.4, 46.5, 
46.6, 46.8, 46.8.1, 
46.8.2, Art. 47, 
48.1, 48.4, 58.4, 
58.5.2, 58.6, 58.7, 
59.3.4, 59.3.6, 
59.5, 59.9.2, 60.3, 
61.2, 61.5, 61.6, 
62.4.3, 64.2, 
65.2.2, 65.2.5, 
66.1, 73.4, 73.6, 
73.7, 73.9.2, 
73.10, 73.11.3, 
73.13.4, 73.13.5.1, 
73.13.5.2, 76.7.3, 
A3.2.2, A3.3.1, 
A6.4.1, A6.4.2.1, 
A6.4.2.2, A6.4.3, 
A8.3.1, A8.3.2, 
A8.3.3, A8.4.6, 
A8.5, A8.6.1, 
A8.7.1, A-9-13 

t0 hollow profile thickness. Weld hollow profile 42.6, 64.2, 64.4, 
thickness;  64.6.1, 64.7.2.1, A

9-1, A-9-2, A-9-3, 
A-9-4, A-9-7, A-9
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8, A-9-9, A-9-10, 
A-9-11, A-9-14, A
9-15, A-9-19 

t1 thickness of the second piece to be joined at the fillet 
joint. Thickness of the reinforcement sheet. 
Thickness of diagonal or upright 1; 

59.3.4, 62.2.1, 
64.2, 64.4, 64.6.1, 
64.7.1, 64.9, 
73.13.4, A-9-1, A
9-2, A-9-9, A-9-10, 
A-9-11, A-9-15, A
9-17, A-9-18 

t2 thickness of brace member 2. Lining thickness; 64.2, 64.6.1, 
64.7.1, 64.9, 
73.13.5.2, A-9-1, 
A-9-9, A-9-15, A-9
17 

ta steel thickness in a small tube in relation to its 
perimeter; 

48.1 

tbp thickness of reinforcement sheets; 61.2 

tc chord reinforcement thickness; 42.6 

tcor design thickness of steel profile or light steel 
structure; 

73.3 

td thickness of diaphragm sheet; A3.3.3 

te,d equivalent standardised fire exposure time; A8.2.1, A8.5 

tf thickness of compresion sheet panel. Flange 
thickness. Lining thickness; 

20.3, 34.5, 
34.7.2.1, 35.1.2, 
35.2.3, 35.5.2.2, 
35.6, 48.1, 58.6, 
59.8.2, 61.2, 61.5, 
61.6, 64.2, 64.8, 
65.2.2, A-9-17, A
9-18 

tfb thickness of connected beam flange; 61.2.1, 62.1.2, 
62.1.4, 62.1.5  

tfc thickness of support flange; 62.1.1, 62.1.2, 
62.1.4, 62.3 

tfi,nom duration expressed in standard minutes of fire; A8.2.1, A8.5 

tfi,requ standardised time of resistance to fire required of the 
structure; 

Art. 46, 48.3, 48.4, 
A8.1 

tg working life actually considered in the design for the 
structure within the ranges included in this Code; 

A11.5 
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tg,mνn working life established in section 5.1 of this Code; A11.5 

ti wall thickness of member I (i =1,2 or 3). Wall 
thickness of the hollow profile of diagonal or upright 
i; 

42.6, 64.6.1, 
64.7.1, 64.8, 64.9, 
A-9-7, A-9-8, A-9
10, A-9-17, A-9-19, 
A-9-19 

tj wall thickness of the hollow profile of diagonal or 
upright j; 

A-9-7, A-9-17, A-9
19 

tlνm fire development time limit; A8.6.1 

tmαx maximum temperature time; A8.6.1 

tmc nominal thickness of steel profile or light steel 
structure; 

73.3 

tmin minimum sheet thickness. Thickness of thinnest 
piece to be joined; 

58.7, 59.3.2, 
59.3.7, A7.2.4 

tnom galvanised steel thickness; 73.3, A8.1, 

tol tolerance; 73.3 

tp end sheet thickness. Flange plate thickness; 62.3, A-9-13, A-9
14, A-9-15 

tr stiffener thickness; 62.1.3 

tsup thickness of affected sheet in terms of sheet metal 
bolt extraction capacity. Thickness of support sheet 
at an arc spot weld;  

73.13.3, 73.13.5.2  

tti,d design value of standardised fire resistance of 
members; 

A8.5 

tw flange thickness; 20.3, 21.6, 34.5, 
34.7.1, 34.7.2.1, 
35.1.2, 35.5.1, 
35.5.2, 35.5.2.1, 
35.5.2.2, 35.6, 
35.7.2, 35.8, 
35.9.3.1, 35.9.3.3, 
35.9.3.5, 59.8.2, 
61.2, 61.4, 61.5, 
61.6, 62.1.3, 
62.1.4, 62.4.3, 
64.8, 64.9, 65.2.2, 
A-9-17, A-9-18, A
9-19 

twb flange thickness of the tension beam web at a bolted 
joint with end sheet; 

61.2.1 
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twc thickness of column web; 62.1.1, 62.1.2, 
62.1.3, 62.1.4, 
62.3 

tα time required to reach a heat release rate of 1MW.  A8.4.6 

u total horizontal deflection of the building or structure 
of height H. Flange bending in elements subject to 
wide flange bending in comparison with the depth. 
Material dampness, as a dry weight percentage; 

37.1, 37.2.2, 73.7, 
A8.4.4 

ui relative horizontal deflection between floor slab 
heights, on each level or storey of height Hi; 

37.1, 37.2.2 

w angle profile gage. Factor which takes into account 
interaction with the column web shear;  

61.3, 62.1.2 

w0 initial sinusoidal imperfection; A7.2.1 

w1 initial deflection under the entirety of permanent 
loads acting on the structure; 

37.1 

w2 deferred component of deflection under permanent 
loads; 

37.1 

w3 deflection due to the action of overloads, under the 
relevant combination of actions; 

37.1 

wactiva active deflection; 37.1, 37.2.1 

wc inverse deflection of structural element; 37.1 

wel elastic deflection; A7.2.1 

wf coefficient of ventilation; A8.5 

wmαx total apparent deflection discounting the camber; 37.1, 37.2.1 

wtot total deflection; 37.1 

z transverse distance between the section in question 
and the flange-web point of contact, immediately 
after load application, for loads situated on the plane 
of the web of a section. Lever arm. Distance to the 
neutral fibre. Height along the flame axis;  

21.6, 62.1.4, 
62.1.5, 65.2.2, 
65.2.5, 73.7, 
A8.6.2 

z´ vertical position of the virtual heat source; A8.6.2 

z0 virtual origin of the axis of the flames; A8.6.2 
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zi position of the result of Fzi stresses (mechanical arm 
of such force) on member surface Ai; 

46.4 

A1.1.3 Greek Capitals  

∆ difference. Increment. Deviation (tolerances). 
Eccentricity. Tapering. Collapse. Clearance; 

16.1, 20.7, 32.3, 
80.2, 80.3, 80.3.1, 
80.4 

∆ 1 tapering; 80.3 

∆ 2 tapering; 80.3 

∆a geometric deviation; 16.1 

∆L temperature(θa) induced expansion of a member of 
length L; 

45.1 

∆M additional moment 20.7. 34.3 

∆MEd additional bending moment in class 4 cross-sections 
subject to axial compression force due to 
displacement of the axis of effective area Aef related 
to the gross cross section; 

34.1.2.4, 35.3  

∆Nst increment of axial compression force in the 
transverse stiffener in order to account for deviation 
forces; 

A7.2.1 

∆t time increment in seconds; 48.1, 48.2 

∆Tεcf term for the rate of deformation for checking the 
fracture toughness of a steel; 

32.3 

∆tp Retardation time of protection materials with a 
permanent humidity content; 

45.2, 48.2 

∆Tr effect of loss due to radiation of steel for checking 
fracture toughness; 

32.3 

∆Tεcf cold steel forming term for checking fracture 
toughness; 

32.3 

∆θa,t member increase in steel temperature; 48.1 

∆θg,t  increment of θg,t during ∆t; 48.2 

∆σ direct nominal stress ranges; 42.2, 42.3, 42.6  

∆σC,red reduced fatigue resistance reference value; 42.2, 42.6 
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∆σc; ∆τc value of resistance to fatigue where Nc = 2 million 
cycles; 

42.2, 42.6 

∆σD; ∆τD stress range fatigue limit for a constant increase at a 
number of cycles ND; 

42.2, 42.6 

∆σi; ∆τi direct and shear component stress ranges in the nth 

load cycle; 
42.3 

∆σL; ∆τL damage threshold for stress ranges in cycle number 
NL; 

42.2, 42.6 

∆τ nominal shear stress ranges; 42.2, 42.3, 42.6  

Θ angle between filler bar and chord; 42.6 

Θg temperature of gas in proximity of element exposed 
to fire; 

A8.2.2, A8.2.3, 
A8.3.1, A8.3.2, 
A8.3.3, A8.6.1 

Θm element surface temperature; A8.2.2, A8.6.2 

Θmαx maximum temperature during heating phase; A8.6.1 

Θr effective fire radiation temperature; A8.2.2 

Θz temperature of crest along its vertical axis of 
symmetry; 

A8.6.2 

ΣMi total bending moment affecting the section, sum of 
"i" individual loads; 

21.3.3 

Φ angle. Value for determining the reduction coefficient 
χ. Form factor; 

22.4.1, 35.1.2, 
46.3, 46.6, A8.2.2, 
A.8.6.2 

ΦCd Joint rotation capacity. Rotation capacity at a 
welded, non-stiffened support-beam joint; 

57.2, 62.4.2 

ΦLT value for determining the reduction coefficient χLT; 35.2.2, 35.2.3, 
35.2.2.1 

ΦLT,θ,com value for determining the reduction coefficient χLT,fi; 46.5 

Ψ non-dimensional stress or strain coefficient. Ratio of 
segment-end moments; 

20.3, 20.7, 
35.2.2.1, 35.3, 
73.9.2, 73.10, 
A6.4.2.1, A6.4.2.2 

Ψ´ el elastic reduction coefficient of the effective width of 
stiffened flanges due to shear lag; 

21.4, 21.5 

Ψ´ ult reduction coefficient of the effective width of flanges 
in the elastic-plastic range due to shear lag, for 
tension flanges with longitudinal stiffeners; 

21.5 
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Ψ1 coefficient corresponding to the frequent value of a 
variable action; 

42.3 

Ψ1,1 Qk.1 representative frequent value of the determinant 
variable action; 

13.2, Art. 44 

Ψ2,.i Qk.i semi-permanent representative value of variable 
actions acting simultaneously with the determinant 
variable action and the accidental action, or with the 
seismic action;  

13.2, Art. 44 

Ψel elastic reduction coefficient of the effective width of 
flanges due to shear lag; 

21.3, 21.4 

Ψel,i elastic reduction coefficient of the effective width 
corresponding to individual load “i”; 

21.3.3 

Ψi action reduction factor. Factor; Sections. 11 and 
12, A8.4.1, A8.4.3 

Ψo.i Qk.i representative value of the combination of variable 
actions acting simultaneously with the determinant 
variable action; 

13.2 

Ψult reduction coefficient of the effective width of flanges 
in the elastic-plastic range due to shear lag, for non
stiffened flanges; 

21.5 

Ω double the interior area of the trapezium forming the 
cross section of the box beam; 

A3.3.1 

A1.1.4 Greek Lower Case 

α part of a compressed cross section. Factor. 20.3, 20.7, 21.4, 
Imperfection factor; 22.3.5, 32.2, 32.4, 

34.1.2.5, 34.7.2.1, 
35.1.2, 35.5.2.1, 
46.5, 46.6, 57.2, 
58.6, 59.8.2, 61.2, 
62.2.1, 71.2.3.1, 
72.1.1, 92.2, 
A6.4.2.1, A6.4.3, 
A8.6.2 

αb factor; 65.2.1 

αc convection heat transfer factor for standard fire; 48.1, A8.2.2, 
A8.3.3, A8.4.6, 
A8.7 

αcr coefficient which requires the multiplication of design 
loads to produce the elastic instability of the general 
buckling model of the structure; 

23.2, 23.2.1, 24.2, 
24.3 

αe factor; A6.4.3 
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αh factor; 35.3 

αi factor; 70.4, A11.4.1 

αLT  imperfection factor; 35.2.2, 35.2.3, 
35.2.2.1 

αs factor; 35.3 

αu load multiplier factor for collapse situations; 50.2 

αy load multiplier factor for initial plastification; 50.2 

αθ linear expansion factor; 45.1 

β non-dimensional factor. Reliability index. Angle. List 
of dimensions between a diagonal and an upright 
and the corresponding chord. Buckling coefficient. 
Ratio between the average diameter or width of filler 
bars and the diameter or width of the chord; 

21.3.2, 32.2, 
34.1.2.5, 34.7.2.1, 
35.2.2.1, 58.6, 
60.1.2, 61.5, 
62.2.2, 62.3, 64.2, 
64.7.1, 64.9, 70.3, 
70.4, 72.4.1, 
72.4.3, A5.2, A-9
1, A-9-2, A-9-3, A
9-4, A-9-7, A-9-8, 
A-9-9, A-9-10, A-9
11 

β´ non-dimensional factor; 21.4, 34.1.2.5  

β1 non-dimensional factor; 59.8.1, 62.3 

β2  non-dimensional factor; 58.5.2, 59.8.1, 
62.3 

β3 non-dimensional factor; 58.5.2 

β50 reliability index for a reference period of 50 years; 5.1.1.1 

βA,c factor; A6.4.2, A6.4.3 

βf non-dimensional factor; 58.6 

βi buckling factor for the load Pi, considered 
individually. Factor; 

70.4, A11.4.1 

βj non-dimensional factor that depends on the 
specifications of the levelling mortar poured for 

65.2.2 
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laying the base plate; 

βw steel correlation coefficient; 59.8.2, 59.10, 
60.1.1, 60.2.1, 
61.4, 61.6 

γ density. Relation between the size of a chord and 
double its thickness. Angle distortion. Factor; 

32.4, 64.2, 66.1, 
A6.4.2.1, A-9-1, A
9-4, A-9-9, A-9-17 

γA partial safety factor of accidental action.  12.1, 

γf partial safety factor for an action. Specific weight. 
Angle distortion;  

Art. 12, 

γFf partial increase factor for stress ranges; 42.2, 42.3 

γG permanent action partial safety factor.  12.1, 12.2 

γG* permanent action partial safety factor of a non
constant value. 

12.1, 12.2 

γi*  coefficient; A11.4.1 

γM material strength reduction factor; 15.2, 32.1, 32.2, 
A11.4.3.3 

γM0 partial coefficient for the strength of cross sections;  15.3, 34.1.1, 34.2, 
34.3, 34.4, 34.5, 
34.6, 34.7.1, 
34.7.2.1, 34.7.2.2, 
34.7.2.3, 35.5.2.2, 
35.7.1, 35.7.2, 
46.2, 46.4, 58.2, 
58.5.1, 58.9, 60.3, 
61.2, 61.2.1, 
62.1.1, 62.1.2, 
62.1.4, 65.2.2, 
73.9.2, 73.10, 
73.11.1, 73.11.2, 
A5.2, A6.3, A6.5, 
A7.2.4 

γM1 partial coefficient for the resistance to instability of 
structural members; 

15.3, 35.1.1, 
35.2.1, 35.2.3, 
35.3, 35.5.2, 
35.7.2, 35.9.3.3, 
35.9.3.5. 46.5, 
62.1.2, A7.2.1 

γM2 partial coefficient for the failure strength of tensile 
cross sections. Also for joint strength; 

15.3, 34.2, 34.4, 
58.5.1, 58.6, 58.7, 
58.9, 59.8.2, 
59.10, 60.1.1, 
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60.2.1, 61.3, 61.4, 
61.5, 61.6, 65.2.1, 
73.13.4, 73.13.5.1, 
73.13.5.2 

γM3 partial coefficient for the slip resistance of joints with 
pre-loaded bolts; 

15.3, 58.8 

γM5 partial safety factor for strength in joints between 
tubular section parts; 

64.1, A-9-1, A-9-2, 
A-9-3, A-9-4, A-9
7, A-9-8, A-9-9, A
9-10, A-9-11, A-9
14, A-9-17, A-9-18, 
A-9-19 

γMf partial fatigue resistance coefficient for detail 
categories ∆σc; ∆τc, when used as a fatigue 
resistance value; 

42.2, 42.4 

γMfi partial strength coefficient for steel in a fire situation; 45.1, 46.1, 46.3, 
46.4, 46.5, Art. 47  

γp partial coefficient considering the fire protection 
system; 

Art. 47, 48.3, 48.4 

γQ variable partial safety factor. 12.1, 12.2 

γq partial safety factor which takes into account 
foreseeable consequences of fire; 

A8.4.1, A8.5 

δ relative displacement between the top and bottom 
ends of the support. Factor:  

66.1, A6.4.2.1 

δH, Ed relative horizontal displacement of the upper level of 
the storey in relation to its lower level; 

23.2.1 

δni coefficient which takes into consideration the 
different active measures for fire fighting i, sprinklers, 
detection and automatic fire fighter alarm 
transmission (i=1, 2 or 3).  

A8.4.1 

δq bracing system deflection in the stabilisation plan; 22.4.1 

δq1 partial factor which takes into consideration the 
activation risk of fire due to type of occupancy; 

A8.4.1 

δq2 partial factor which takes into consideration the 
activation risk of fire due to sector sizes; 

A8.4.1, A8.4.6 

maximum local deflection along the member; 35.3 

ε warping; 20.3, 32.2, 35.1.3, 
35.2.3, 35.3, 
35.5.1, 35.5.2.1, 
35.5.2.2, 35.6, 
35.9.1, 45.1, 46.1, 
62.1.4, 62.4.3, 
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73.9.2, 73.11.1, 
A3.2.2, A3.3.1 

εc,Ed design maximum compression panel strain; 20.7 

εcf percentage of permanent strain produced by the cold 
forming of material; 

32.3 

εcmαx maximum single strain on the most compresion edge 
of the panel; 

19.5.1, 19.5.2  

εcr ideal critical panel local buckling strain; 19.5.1, 20.7  

εcu limit strain for compresion steel elements; 19.5.1 

εf  flame emissivity; 48.1, A8.2.2, 
A8.6.2 

εm member surface emissivity; A8.2.2, A8.6.2 

εmαx strain under maximum load; 26.3, 26.5.2 

εp,θ strain in relation to the temperature proportionality 
limit (θa), fp,θ; 

45.1 

εres resultant emissivity for carbon steel surfaces; 48.1 

εtu limit strain for tensile steel elements; 19.5.1 

εu ultimate strain; 26.3, 26.5.2 

εu,θ ultimate strain for the temperature (θa) in the stress
strain diagram; 

45.1 

εy strain corresponding to the yield strength of steel; 19.5.1, 20.3, 26.3  

εy,θ strain corresponding to the effective yield strength 
for temperature (θa), fy,θ; 

45.1 

rate of strain; 32.3 

o rate of strain reference value; 32.3 

η coefficient which allows for the consideration of 
additional plastic strength offered by hardening 
through the deformation of material. Parameter. 
Relation between the average diameter or width of 
filler bars and the diameter or width of the chord; 

34.5, 35.5.1, 
35.5.2.1, 35.9.3.5, 
57.5, 64.2, A-9-2, 
A-9-3, A-9-10, A-9
11 

η0 degree of use; 46.8.1 
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η1 coefficient of distribution; A5.2 

η2 coefficient of distribution; A5.2 

ηcr shape of the elastic critical buckling mode of the 
structure; 

22.3.5 

ηinic amplitude of the single imperfection of the elastic 
critical buckling mode; 

22.3.5 

θ temperature of a member. Factor. Angle. Angle 
between filler bar and chord; 

Art. 46, 46.2, 46.6, 
48.3, 50.2, 61.6, 
64.1, 64.2, A7.2.1, 
A-9-11, A-9-8, A-9
13 

θa temperature reached by steel. Rotation on the near 
edge of the beam;  

45.1, 46.7, 48.4, 
A5.2 

θa,com maximum steel temperature in the compressed 
flange of the section; 

46.5 

θa,cr critical temperature value in accordance with 46.8, 
46.8.1 and 46.8.2 

Art. 46, 46.8, 
46.8.1, 46.8.2  

θa,mαx maximum steel temperature in the section; 46.5 

θa,t uniform temperature reached by steel after a 
standard fire of duration t; 

Art. 46, 46.3, 46.4, 
46.8, 46.8.2, 48.1, 
48.2, 48.4 

θb rotation on the far edge of the beam; A5.2 

θg,t gas temperature; 48.1, 48.2 

θi angle between filler bar and chord (i=1, 2 or 3). 
Temperature of a member of area Ai resulting from 
the partition of a section; 

64.2, 46.2, A-9-1, 
A-9-4, A-9-5, A-9
7, A-9-8, A-9-9, A
9-12, A-9-15, A-9
17, A-9-19, 

θm,t member surface temperature; 48.1 

θV average temperature of the effective shear cross
section (AV) used in room temperature calculations, 
in accordance with 34.5; 

46.4 

κ factor; A-9-13 

λ slenderness. Thermal conductivity; 22.3.2, 71.2.3.2, 
73.11.2, A8.6.1 

λ1 factor; 61.2 
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λ2 factor; 61.2 

λ6 parameter; A11.4.3.6 

λa thermal conductivity in W/(mºK), variable with 
temperature (θa); 

45.1 

λE slenderness value for determining relative 
slenderness; 

35.1.3, 35.2.3  

λef effective slenderness; 72.3 

λ1i, λ2i,…. λ5i parameters; A11.4.3.1, , 
A11.4.3.2, 
A11.3.4.3, 
A11.3.4.4, 
A11.4.3.5 

λo slenderness of a column, considered hinged; 65.2.5 

λov overlap ratio as a given percentage; 64.2, 64.7.1, A-9
7, A-9-19 

λov,lim limit overlap ratio as a given percentage; 64.6.1, 64.8 

λp conventional thermal conductivity in W/(mºK). 
Thermal conductivity of the fire protection system;  

45.2, 48.3 

λpk characteristic thermal conductivity of the fire 
protection system; 

48.3 

λv slenderness for buckling around the axis of minimum 
inertia; 

72.3 

λy slenderness for buckling around the y-y axis, parallel 
to the flanges; 

72.3 

λz slenderness for buckling around the z-z axis, parallel 
to the flanges; 

72.3 

relative slenderness; 22.3.5. 24.3.1, 
35.1.2, 35.3, 46.3, 
61.6, 73.11.2, 
73.11.3, Annex 4 

c relative column slenderness; A6.4.3 

θ relative slenderness used for calculating room 
temperature, corrected according to coefficients ky,θ 

and kE,θ obtained in 45.1 with temperature (θa,t) at the 
time (t) of the fire process in question; 

46.3 

c0 limit slenderness of the equivalent compressed 
flange; 

35.2.3 
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f non-dimensional slenderness of the equivalent 
compressed flange between bracing points; 

35.2.3 

LT non-dimensional slenderness for torsional or 
flexural-torsional buckling; 

35.2.2, 35.2.3, 
35.2.2.1, 35.3, 
46.5 

LT,θ,com non-dimensional slenderness used in room 
temperature calculations, corrected according to 
coefficients ky,θ,com and kE,θ,com; 

46.5 

LT,0 coefficient for calculating lateral buckling in rolled 
sections or equivalent welded sections subject to 
bending; 

35.2.2.1, 35.2.3  

0 non-slenderness of lateral buckling where there is a 
uniform moment; 

35.3 

p non-dimensional slenderness of sheet or panel; 19.5.1, 62.1.2, 
73.9.2, 73.11.2, 
A6.3, A6.4.2 

p,red relative slenderness of the sheet or panel in the 
effective section; 

20.7, 73.9.2, 
73.9.3, A6.3 

T relative slenderness for torsional or flexural-torsional 
buckling; 

35.1.4 

w relative web slenderness; 35.5.2.1, 35.9.3.3, 
73.10 

p,ser relative slenderness of the sheet or panel in the 
effective section for the serviceability limit state; 

73.9.2, 73.9.3  

μ ductility performance coefficient. Slip factor. 
Reduction factor. Efficiency factor;  

50.2, 64.6.3, 
64.7.3, 66.2, 
71.2.3.2, 76.8, A
9-6, A-9-16 

ν Poisson ratio; 20.7, 32.4, 
35.5.2.1, 73.9.2, 
A6.4.2.1, A6.4.2.2, 
A6.4.3 

ξ factor; A6.4.4 

ρ width reduction factor of compresion panels. Factor. 
Specific mass of air. Performance. Buckling 
reduction factor of equivalent orthotropic plate. 
Density; 

19.5.1, 20.7, 
34.7.1, 34.7.3, 
62.1.2, 73.9.1, 
73.9.2, A6.4.4, 
A8.5, A8.6.1 

ρa steel density. Factor; 48.1, 48.2, 73.9.3  

ρc panel instability reduction coefficient; A6.3, A6.4.1, 
A6.4.4 
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ρloc reduction coefficient of each panel calculated 
according to A6.3 to take into account local buckling; 

A6.4.1 

ρp density of protection material; 45.2 

ρpd design value of protection material density; 48.2 

ρpk characteristic value of protection material density; 48.3 

σ Design compressive strength. Admissible 
compression stress of neoprene support. Stefan-
Boltzmann constant; 

32.2, 45.1, 66.1, 
A8.2.2, A8.6.2 

σ// direct stresses acting on a normal plane to the axis 
of the chord; 

59.8, 59.11 

σ┴ direct stresses acting on the throat plane of the 
chord; 

59.8, 59.8.2 

σ1 maximum stress at one panel edge; A6.4.2.1 

σ2 minimum stress at the opposite edge; A6.4.2.1 

σa average flange stress, calculated with the gross 
section; 

73.7 

σc,Ed maximum design compression stress; 20.3, 20.7, A6.3, 
A6.4.2.2 

σco direct comparative stress; 41.2 

σco,Ed,ser direct comparative stress on the panel for the 
combination of actions; 

41.2 

σcom,Ed maximum design compressive stress on plane 
elements; 

73.9.1, 73.11.1  

σcom,Ed,ser maximum design compressive stress on plane 
members for the serviceability limit state; 

73.9.2 

σcr direct critical local buckling stress of the sheet or 
panel. Critical elastic stress through buckling due to 
stiffener torsion; 

20.7, 73.9.2, 
A7.2.1 

σcr,c critical elastic column buckling stress for a non
stiffened sheet; 

A6.4.3, A6.4.4, 
A7.2.1 

σcr,i ideal critical direct panel local buckling stress, 
assuming its edges are hinged; 

40.2 

σcr,p critical local buckling stress of the equivalent sheet in 
longitudinally stiffened plane members; 

A6.4.2, A6.4.2.2, 
A6.4.4, A7.2.1 

σcr,sl critical elastic buckling stress of the equivalent 
column; 

A6.4.2.2, A6.4.3 
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σDw (z,s) overstress due to distortion of a symmetrical single
cell box beam subject to outer torsional distribution 
m(z) along its length; 

A3.3.1 

σE Euler critical stress; 35.5.2.1, 40.2  

σEd,ser maximum compression on the panel for the 
combination of actions; 

41.2 

σH,ser local contact pressure between pin and piece at 
serviceability limit state, where the pin must be 
removable; 

58.9 

σmαx maximum direct stress; 21.3.5 

σmνn minimum direct stress; 21.3.5 

σMy,Ed direct stress to due to bending moment My,Ed, using 
the effective section; 

73.11.1 

σMz,Ed direct stress to due to bending moment Mz,Ed, using 
the effective section; 

73.11.1 

σn,Ed maximum compression stress in the support web; 62.1.2, 

σN,Ed axial direct stress, using the effective section; 73.11.1 

σo,Ed maximum compression stress on the chord at the 
joint; 

64.2 

σp,Ed  value of σo,Ed discounting stress due to members 
parallel to the axis of the chord from axial forces 
acting on the filler bars at that joint; 

64.2 

σref reference steel stress level; 32.3 

σtot,Ed sum of direct stresses; 73.11.1 

σw,Ed direct longitudinal stresses due to warping torsion bi
moment BEd; 

34.6 

σw,Ed direct stress due to warping torsion, using the gross 
section; 

73.11.1 

σx direct stress at the point in question; 21.3.5 

σx,Ed design value of direct stress in the longitudinal 
direction at the point in question; 

34.1.1, 34.7.2.2, 
34.7.2.3, A7.2.4 

σx,Ed,ser maximum compression on the panel for the frequent 
combination of actions; 

40.2 

σz,Ed design value of direct stress in the transverse 
direction at the point in question; 

21.6, 34.1.1 
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τ shear stress; 42.6 

τ// shear stresses acting on the throat plane running 
parallel to the plane of the chord; 

59.8, 59.8.2 

τ┴ shear stresses acting on the throat plane running 
perpendicular to the plane of the chord; 

59.8, 59.8.2 

τcr shear critical local buckling stress; 35.5.2.1, 73.10  

τcr,i ideal shear critical panel local buckling stress, 
assuming its edges are articulated; 

40.2 

τEd shear stress design value at the point in question; 34.1.1, 34.5 

τEd,ser shear stress on the panel for the combination of 
actions; 

40.2, 41.2 

τt,Ed shear stresses due to torsional force Tt,Ed with 
uniform torsion; 

34.6 

τt,Ed shear stress due to uniform torsion, with the gross 
section; 

73.11.1 

τtot,Ed sum of shear stresses; 73.11.1 

τVy,Ed shear stress to due to shear Vy,Ed, using the gross 
section; 

73.11.1 

τVz,Ed shear stress to due to shear Vz,Ed, using the gross 
section; 

73.11.1 

τw average shear stress on the chord; 59.8.2, 59.10, 
60.2, 60.2.1 

τw,Ed shear stress due to warping torsion, with the gross 
section; 

73.11.1 

τw,Ed shear stresses due to torsional force Tw,Ed with 
warping torsion; 

34.6 

τw,max maximum shear stress on the chord; 60.2.1 

φ list of total coating and steel member heat 
capacities; 

48.2, 48.4 

φ linear defect of verticality. Angle;  22.3.1, 22.3.3, 
73.5, 73.6, 73.10, 
A-9-6, A-9-11, A-9
13, A-9-16 

φ0 lateral imperfection base value; 22.3.1 

χ curvature in diagram M- χ. Reduction coefficient for 
the form of buckling in question. Reduction 
coefficient for the equivalent compressed flange 

19.5.1, 22.3.5, 
35.1.1, 35.1.2, 
35.2.3, 35.3, 
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determined with fλ; 
; 

35.5.2, Annex 4, 
A-9-8 

χc reduction coefficient for consideration of column-type 
buckling; 

A6.3, A6.4.1, 
A6.4.3, A6.4.4 

χel curvature corresponding to the yield strength; 19.5.1 

χF local buckling reduction coefficient with a 
concentrated load; 

35.6, 35.7.2 

χLT reduction coefficient for lateral buckling; 35.2.1, 35.2.2, 
35.2.2.1, 35.3  

χLT,fi reduction coefficient for lateral buckling in a design 
fire situation; 

46.5 

χLT,mod reduction coefficient modified for lateral-torsional 
buckling; 

35.2.2.1 

χu ultimate elastic-plastic curvature; 19.5.1 

χw factor for contribution of the web in the case of shear 
local buckling; 

35.5.2, 35.5.2.1, 
35.7.1, 35.9.3.3, 
35.9.3.5 

χy buckling reduction coefficient through bending 
around the y-y axis; 

35.3 

χz buckling reduction coefficient through bending 
around the z-z axis; 

35.3 

ω standardised sectorial coordinate; 34.6 

A1.2 Units and framework of signs  

The units used in this Code correspond to those of the International System of Units, 
or S.I. 
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Annex 2: List of UNE standards 


The sections of this Code lay down a number of checks concerning the compliance 
of the products it describes, which, in many cases, refer to UNE, UNE-EN, or UNE-EN 
ISO standards. 

A list of versions of the standards applicable in each case, with reference to their 
date of approval, is given below.  

A2.1 UNE standards  

UNE 7475-1:1992 Metallic materials. Charpy impact test. Part 1: Test 
method. 

UNE 14618:2000 Weld inspectors. Qualification and certification. 
UNE 36521:1996 Steel products. Hot rolled taper flange I sections (old 

IPN). Dimensions. 
UNE 36522:2001 Steel products. Section UPN. Dimensions. 
UNE 36524:1994 Hot rolled steel sections. Broad, parallel faced flanged 

beams. Dimensions. 
UNE 36524:1994 
ERRATUM:1999 Hot rolled steel sections. Broad, parallel faced flanged 

beams. Dimensions. 
UNE 36525:2001 Steel products. Section U. Dimensions. 
UNE 36526:1994 Hot rolled steel products. IPE beams. Dimensions.  
UNE 36559:1992 Hot rolled steel plates 3mm thick or above. Tolerances on 

dimensions, shape and mass.  
UNE 48103:2002 Paints and varnishes. Standardised colours. 

A2.2 UNE-EN standards 

UNE-EN 287-1:2004 	 Qualification of test welders. Fusion welding. Part 1: 
Steels. 

UNE-EN 287-1:2004/A2:2006 	Qualification of test welders. Fusion welding. Part 1: 
Steels. 

UNE-EN 970:1997 	 Non-destructive examination of fusion welds. Visual 
examination. 

UNE-EN 1289:1998 	 Non-destructive examination of welds. Penetrant testing 
of welds. Acceptance levels.  

UNE-EN 1289:1998/1M:2002 	 Non-destructive examination of welds. Penetrant testing 
of welds. Acceptance levels.  

UNE-EN 1289:1998/A2:2006 	 Non-destructive examination of welds. Penetrant testing 
of welds. Acceptance levels.  

UNE-EN 1290:1998 	 Non-destructive examination of welds. Magnetic particle 
examination of welds. 

UNE-EN 1290:1998/1M:2002 	 Non-destructive examination of welds. Magnetic particle 
examination of welds. 

UNE-EN 1290:1998/A2:2006 	 Non-destructive examination of welds. Magnetic particle 
examination of welds. 

UNE-EN 1363-1:2000 	 Fire resistance tests. Part 1: General requirements. 
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UNE-EN 1363-2:2000 	 Fire resistance tests. Part 2: Alternative and additional 
procedures. 

UNE-EN 1714 	 Non-destructive examination of welds. Ultrasonic 
examination of welds. 

UNE-EN 1714:1998/1M:2002 	Non-destructive examination of welds. Ultrasonic 
examination of welds. 

UNE-EN 1714:1998/A2:2006 	Non-destructive examination of welds. Ultrasonic 
examination of welds. 

UNE-EN 1990:2003 	 Eurocode. Basis of structural design. 
UNE-EN 10024:1995 	 Hot rolled steel products. Taper flange I sections. 

Tolerances on dimensions and shape. 
UNE-EN 10025-1:2006 	 Hot rolled products of structural steels. Part 1: Technical 

delivery conditions. 
UNE-EN 10025-2:2006 	 Hot rolled products of structural steels. Part 2: Technical 

delivery conditions for non-alloy structural steels. 
UNE-EN 10025-3:2006 	 Hot rolled products of structural steels. Part 3: Technical 

delivery conditions for normalized/normalized rolled 
weldable fine grain structural steels. 

UNE-EN 10025-4:2007 	 Hot rolled products of structural steels. Part 4: Technical 
delivery conditions for thermomechanical rolled weldable 
fine grain structural steels. 

UNE-EN 10025-5:2007 	 Hot rolled products of structural steels. Part 5: Technical 
delivery conditions for structural steels with improved 
atmospheric corrosion resistance. 

UNE-EN 10025-6:2007  
+A1:2009 	 Hot rolled products of structural steels. Part 6: Technical 

delivery conditions for flat products of high yield strength 
structural steels in the quenched and tempered condition. 

UNE-EN 10034:1994 	 Structural steel I and H Sections. Tolerances on shape 
and dimensions. 

UNE-EN 10051:1998 	 Continuously hot-rolled uncoated plate, sheet and strip of 
non-alloy and alloy steels. Tolerances on dimensions and 
shape. 

UNE-EN 10055:1996 	 Hot rolled steel equal flange tees with radiused root and 
toes. Dimensions and tolerances on shape and 
dimensions. 

UNE-EN 10056-1:1999 	 Specification for structural steel equal and unequal 
angles. Part 1: Dimensions. 

UNE-EN 10056-2:1994 	 Specification for structural steel equal and unequal 
angles. Part 2: Tolerances on shape and dimensions. 

UNE-EN 10058:2004 	 Hot rolled flat steel bars for general purposes. Dimensions 
and tolerances on shape and dimensions. 

UNE-EN 10059:2004 	 Hot rolled square steel bars for general purposes. 
Dimensions and tolerances on shape and dimensions. 

UNE-EN 10060:2004 	 Hot rolled round steel bars for general purposes. 
Dimensions and tolerances on shape and dimensions. 

UNE-EN 10061:2005 	 Hot rolled hexagonal steel bars for general purposes. 
Dimensions and tolerances on shape and dimensions. 

UNE-EN 10079:2008  	 Definition of steel products. 
UNE-EN 10083-1:2008 	 Steels for quenching and tempering. Part 1: General 

technical delivery conditions. 
UNE-EN 10088-1:2006 	 Stainless steels. Part 1: List of stainless steels. 
UNE-EN 10131:2007 	 Cold rolled uncoated and zinc or zinc-nickel 

electrolytically coated low carbon and high yield strength 
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UNE-EN 10149-2:1996 

UNE-EN 10149-3:1996 

UNE-EN 10149-3:1996 
ERRATUM:2000 

UNE-EN 10162:2005 

UNE-EN 10164:2007 

UNE-EN 10210-1:2007 

UNE-EN 10210-2:2007 

UNE-EN 10219-1: 2007 

UNE-EN 10219-2: 2007 

UNE-EN 10268:2007 

UNE-EN 10279:2001 

UNE-EN 10346:2010 

UNE-EN 12062:1997 

UNE-EN 12062:1997/  
1M:2002 

UNE-EN 12517-1:2006 

UNE-EN 12517-2:2010 

UNE-EN 13438:2007 

UNE-EN 14399-1:2009 

UNE-EN 14399-2:2009 

UNE-EN 14399-5:2009 

UNE-EN 14399-6:2009 

steel flat products for cold forming. Tolerances on 

dimensions and shape.  

Hot-rolled flat products made of high yield strength steels 

for cold forming. Part 2: Delivery conditions for
 
thermomechanically rolled steels. 

Hot-rolled flat products made of high yield strength steels 

for cold forming. Part 3: Delivery conditions for normalized
 
or normalized rolled steels. 


Hot-rolled flat products made of high yield strength steels 

for cold forming. Part 3: Delivery conditions for normalized
 
or normalized rolled steels. 

Cold rolled steel sections. Technical delivery conditions. 

Dimensional and cross-sectional tolerances. 

Steel products with improved deformation properties 

perpendicular to the surface of the product. Technical 

delivery conditions.
 
Hot finished structural hollow sections of non-alloy and 

fine grain steels. Part 1: Technical delivery conditions. 

Hot finished structural hollow sections of non-alloy and 

fine grain steels. Part 2: Tolerances, dimensions and
 
sectional properties.
 
Cold formed structural hollow sections of non-alloy and
 
fine grain steels. Part 1: Technical delivery conditions. 

Cold formed structural hollow sections of non-alloy and
 
fine grain steels. Part 2: Tolerances, dimensions and
 
sectional properties. 

Cold rolled steel flat products with high yield strength for 

cold forming. Technical delivery conditions.
 
Hot rolled steel channels. Tolerances on shape,
 
dimensions and mass.  

Continuously hot-dip coated flat steel products. Technical 

delivery conditions. 

Non-destructive testing of welds. General rules for
 
metallic materials. 


Non-destructive testing of welds. General rules for
 
metallic materials. 

Non-destructive testing of welds. Part 1: Evaluation of
 
welded joints in steel, nickel, titanium and their alloys by 

radiography. Acceptance levels. 

Non-destructive testing of welds. Part 2: Evaluation of
 
welded joints in aluminium and its alloys by radiography. 

Acceptance levels. 

Paints and varnishes. Powder organic coatings for 

galvanized or sherardised steel products for construction. 

High-strength structural bolting assemblies for preloading.
 
Part 1: General requirements.  

High-strength structural bolting assemblies for preloading.
 
Part 2: Suitability test for preloading. 

High-strength structural bolting assemblies for preloading.
 
Part 5: Plain washers. 

High-strength structural bolting assemblies for preloading.
 
Part 6: Plain chamfered washers. 
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UNE-EN 15048-1:2008 	 Non-preloaded structural bolting assemblies. Part 1: 
General requirements. 

UNE-EN 15048-2:2008 	 Non-preloaded structural bolting assemblies. Part 2: 
Suitability test. 

UNE-EN 15773:2010 	 Industrial application of powder organic coatings to hot dip 
galvanized and sherardized steel articles [duplex 
systems] Specifications, recommendations and 
guidelines. 

UNE-EN 20286-2:1996 	 ISO system of limits and fits. Part 2: Tables of standard 
tolerance grades and limit deviations for holes and shafts 
(ISO 286-2:1988).  

UNE-EN 45011:1998 	 General requirements for bodies operating product 
certification systems (ISO/IEC guide 65:1996).  

A2.3 UNE-EN ISO standards  

UNE-EN ISO 643:2004 	 Steels. Micrographic determination of the apparent grain 
size (ISO 643:2003). 

UNE-EN ISO 1461:2010 	 Hot dip galvanized coatings on fabricated iron and steel 
articles. Specifications and test methods. (ISO 
1461:2009). 

UNE-EN ISO 1716:2002 	 Reaction to fire tests for building products. Determination 
of the heat of combustion. (ISO 1716:2002).  

UNE-EN ISO 2063:2005 	 Thermal spraying. Metallic and other inorganic coatings. 
Zinc, aluminium and their alloys. (ISO 2063:2005).  

UNE-EN ISO 2409:2007 	 Paints and varnishes. Cross-cut test. (ISO 2409:2007).  
UNE-EN 2812-1:2007 	 Paints and varnishes. Determination of resistance to 

liquids. Part 1: Immersion in liquids other than water. (ISO 
2812-1:2007). 

UNE-EN ISO 2812-2:2007 	 Paints and varnishes. Determination of resistance to 
liquids. Part 2: Water immersion method. (ISO 2812
2:2007). 

UNE-EN ISO 3834-1:2006 	 Quality requirements for fusion welding of metallic 
materials. Part 1: Criteria for the selection of the 
appropriate level of quality requirements. (ISO 3834
1:2005). 

UNE-EN ISO 4014:2001 	 Hexagon head bolts. Product grades A and B (ISO 
4014:1999). 

UNE-EN ISO 4016:2001 	 Hexagon head bolts. Product grade C (ISO 4016:1999).  
UNE-EN ISO 4017:2001 	 Hexagon head screws. Product grades A and B (ISO 

4017:1999). 
UNE-EN ISO 4018:2001 	 Hexagon head screws. Product grade C (ISO 4018:1999).  
UNE-EN ISO 4032:2001 	 Hexagon nuts. Type 1. Product grades A and B (ISO 

4032:1999). 
UNE-EN ISO 4033:2001 	 Hexagon nuts. Type 2. Product grades A and B (ISO 

4033:1999). 
UNE-EN ISO 4034:2001 	 Hexagon nuts. Product grade C (ISO 4034:1999).  
UNE-EN ISO 4063:2010 	 Welding and allied processes. Nomenclature of processes 

and reference numbers. (ISO 4063:2009). 
UNE-EN ISO 4624:2003 	 Paints and varnishes. Pull-off test for adhesion. (ISO 

4624:2002). 
UNE-EN ISO 4628-2:2004 	 Paints and varnishes. Evaluation of degradation of 

coatings. Designation of quantity and size of defects, and 
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UNE-EN ISO 4628-3:2004 

UNE-EN ISO 4628-4:2004 

UNE-EN ISO 4628-5:2004 

UNE-EN ISO 5817:2009 

UNE-EN ISO 6270-1:2002 

UNE-EN ISO 6507-1:2006 

UNE-EN ISO 6520-1:2009 

UNE-EN ISO 6892-1:2010 

UNE-EN ISO 7089:2000 

UNE-EN ISO 7090:2000 

UNE-EN ISO 7091:2000 

UNE-EN ISO 7092:2000 

UNE-EN ISO 7093-1:2000 

UNE-EN ISO 7093-2:2000 

UNE-EN ISO 7094:2000 

UNE-EN ISO 7438:2006 
UNE-EN ISO 8501-1:2008 

UNE-EN ISO 8502-3:2000 

of intensity of uniform changes in appearance. Part 2: 
Assessment of degree of blistering (ISO 4628-2:2003).  
Paints and varnishes. Evaluation of degradation of 
coatings. Designation of quantity and size of defects, and 
of intensity of uniform changes in appearance. Part 3: 
Assessment of degree of rusting (ISO 4628-3:2003).  
Paints and varnishes. Evaluation of degradation of 
coatings. Designation of quantity and size of defects, and 
of intensity of uniform changes in appearance. Part 4: 
Assessment of degree of cracking (ISO 4628-4:2003).  
Paints and varnishes. Evaluation of degradation of 
coatings. Designation of quantity and size of defects, and 
of intensity of uniform changes in appearance. Part 5: 
Assessment of degree of flaking (ISO 4628-5:2003).  
Welding. Fusion-welded joints in steel, nickel, titanium 
and their alloys (beam welding excluded). Quality levels 
for imperfections (ISO 5817:2003, corrected version: 
2005, including Technical Corrigendum 1:2006).  
Paints and varnishes. Determination of resistance to 
humidity. Part 1: Continuous condensation (ISO 
6270:1998). 
Metallic materials. Vickers hardness test. Part 1: Test 
method (ISO 6507-1:2005). 
Welding and allied processes. Classification of geometric 
imperfections in metallic materials. Part 1: Fusion welding 
(ISO 6520-1:2007).  
Metallic materials. Tensile testing. Part 1: Method of test 
at room temperature. (ISO 6892-1:2009) 
Plain washers. Normal series. Product grade A (ISO 
7089:2000). 
Plain chamfered washers. Normal series. Product grade A 
(ISO 7090:2000).  
Plain washers. Normal series. Product grade C (ISO 
7091:2000). 
Plain washers. Small series. Product grade A (ISO 
7092:2000). 
Plain washers. Large series. Part 1. Product grade A (ISO 
7093-1:2000). 
Plain washers. Large series. Part 2. Product grade C (ISO 
7093-2:2000). 
Plain washers. Extra large series. Product grade C (ISO 
7094:2000). 
Metallic materials. Bend test. (ISO 7438:2005).  
Preparation of steel substrates before application of 
paints and related products. Visual assessment of surface 
cleanliness. Part 1: Rust grades and preparation grades 
of uncoated steel substrates and of steel substrates after 
overall removal of previous coatings (ISO 8501-1:2007).  
Preparation of steel substrates before application of 
paints and related products. Tests for the assessment of 
surface cleanliness. Part 3. Assessment of dust on steel 
surfaces prepared for painting (pressure-sensitive tape 
method) (ISO 8502-3:1992). 
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UNE-EN ISO 8503-1:1996 	 Preparation of steel substrates before application of 
paints and related products. Surface roughness 
characteristics of blast-cleaned steel substrates. Part 1: 
Specifications and definitions for ISO surface profile 
comparators for the assessment of abrasive blast-cleaned 
surfaces (ISO 8503-1:1988).  

UNE-EN ISO 8503-2:1996 	 Preparation of steel substrates before application of 
paints and related products. Surface roughness 
characteristics of blast-cleaned steel substrates. Part 2: 
Method for the grading of surface profile of abrasive blast
cleaned steel. Comparators procedure (ISO 8503
1:1988). 

UNE-EN ISO 8503-3:1996 	 Preparation of steel substrates before application of 
paints and related products. Surface roughness 
characteristics of blast-cleaned steel substrates. Part 3. 
Method for the calibration of ISO surface profile 
comparators and for the determination of surface profile. 
Focusing microscope procedure (ISO 8503-3:1988).  

UNE-EN ISO 8503-4:1996 	 Preparation of steel substrates before application of 
paints and related products. Surface roughness 
characteristics of blast-cleaned steel substrates. Part 4. 
Method for the calibration of ISO surface profile 
comparators and for the determination of surface profile. 
Stylus instrument procedure (ISO 8503-4:1988).  

UNE-EN ISO 8503-5:2006 	 Preparation of steel substrates before application of 
paints and related products. Surface roughness 
characteristics of blast-cleaned steel substrates. Part 5: 
Replica tape method for the determination of the surface 
profile (ISO 8503-5:2003). 

UNE-EN ISO 8504-2:2002 	 Preparation of steel substrates before application of 
paints and related products. Surface preparation 
methods. Part 2: Abrasive blast-cleaning (ISO 8504
2:2000). 

UNE-EN ISO 8504-3:2002 	 Preparation of steel substrates before application of 
paints and related products. Surface preparation 
methods. Part 3: Hand- and power-tool cleaning (ISO 
8504-3:1993). 

UNE-EN ISO 8504-1:2002 	 Preparation of steel substrates before application of 
paints and related products. Surface preparation 
methods. Part 1: General principles (ISO 8504-1:2000).  

UNE-EN ISO 9001:2008 	 Quality management systems. Requirements (ISO 
9001:2008). 

UNE-EN ISO 9227:2007 	 Corrosion tests in artificial atmospheres. Salt spray test 
(ISO 9227:2006).  

UNE-EN ISO 9692-1:2004 	 Welding and allied processes. Recommendations for joint 
preparation. Part 1: Manual metal-arc welding, gas
shielded metal-arc welding, gas welding, TIG welding and 
beam welding of steels (ISO 9692-1:2003).  

UNE-EN ISO 10666:2000 	 Drilling screws with tapping screw thread. Mechanical and 
functional properties (ISO 10666:1999).  

UNE-EN ISO 10684:2006 	 Fasteners. Hot-dip galvanized coatings (ISO 
10684:2004). 
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UNE-EN ISO 10684:2006/ 
AC:2009 	 Fasteners. Hot-dip galvanized coatings (ISO 

10684:2004/Cor 1:2008).  
UNE-EN ISO 12944-1:1999 	 Paints and varnishes. Corrosion protection of steel 

structures by protective paint systems. Part 1: General 
introduction (ISO 12944-1:1998).  

UNE-EN ISO 12944-2:1999 	 Paints and varnishes. Corrosion protection of steel 
structures by protective paint systems. Part 2: 
Classification of environments. (ISO 12944-2:1998).  

UNE-EN ISO 12944-3:1999 	 Paints and varnishes. Corrosion protection of steel 
structures by protective paint systems. Part 3: Design 
considerations. (ISO 12944-3:1998).  

UNE-EN ISO 12944-4:1999 	 Paints and varnishes. Corrosion protection of steel 
structures by protective paint systems. Part 4: Types and 
surface preparation (ISO 12944--4:1998).  

UNE-EN ISO 12944-5:2008 	 Paints and varnishes. Corrosion protection of steel 
structures by protective paint systems. Part 5: Protective 
paint systems. (ISO 12944-5:2008).  

UNE-EN ISO 12944-6:1999 	 Paints and varnishes. Corrosion protection of steel 
structures by protective paint systems. Part 6: Laboratory 
performance test methods. (ISO 12944-6:1998). 

UNE-EN ISO 13918:2009 	 Welding. Studs and ceramic ferrules for arc stud welding 
(ISO 13918:2008).  

UNE-EN ISO 13920:1997 	 Welding. General tolerances for welded constructions. 
Dimensions for lengths and angles. Shape and position. 
(ISO 13920:1996).  

UNE-EN ISO 14713:2000 	 Protection against corrosion of iron and steel in 
structures. Zinc and aluminium coatings. Guidelines (ISO 
14713:1999). 

UNE-EN ISO 14731:2008 	 Welding coordination. Tasks and responsibilities. (ISO 
14731:2006) 

UNE-EN ISO 15480:2000 	 Hexagon washer head drilling screws with tapping screw 
thread. (ISO 15480:1999).  

UNE-EN ISO 15481:2000 	 Cross recessed pan head drilling screws with tapping 
screw thread. (ISO 15481:1999). 

UNE-EN ISO 15482:2000 	 Cross recessed countersunk head drilling screws with 
tapping screw thread. (ISO 15482:1999).  

UNE-EN ISO 15483:2000 	 Cross recessed raised countersunk head drilling screws 
with tapping screw thread. (ISO 15483:1999).  

UNE-EN ISO 15607:2004 	 Specification and qualification of welding procedures for 
metallic materials. General rules (ISO 15607:2003).  

UNE-EN ISO 15609-1:2005 	 Specification and qualification of welding procedures for 
metallic materials. Welding procedure specification. Part 
1: Arc welding. (ISO 15609-1:2004). 

UNE-EN ISO 15613:2005 	 Specification and qualification of welding procedures for 
metallic materials. Qualification based on pre-production 
welding test (ISO 15613:2004).  

UNE-EN ISO 15614-1:2005 	 Specification and qualification of welding procedures for 
metallic materials. Welding procedure test. Part 1: Arc 
and gas welding of steels and arc welding of nickel and 
nickel alloys (ISO15614-1:2004).  

UNE-EN ISO 15792-1 	 Welding consumables. Test methods. Part 1: Test 
methods for all-weld metal test specimens in steel, nickel 
and nickel alloys (ISO 15792-1:2000).  
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A2.4 UNE-EN ISO/IEC standards 

UNE-EN ISO/IEC 17021:2006 	Conformity assessment. Requirements for bodies 
providing audit and certification of management systems 
(ISO/IEC 17021:2006)  

UNE-EN ISO/IEC 17025:2005  	Conformity assessment. General requirements for the 
competence of testing and calibration laboratories.  

UNE-EN ISO/IEC 17025:2005  
ERRATUM:2006 	 Conformity assessment. General requirements for the 

competence of testing and calibration laboratories 
(ISO/IEC 17025:2005/Cor. 1:2006).  

A2.5 Other standards. 

EN 1090-2: 2008 	 Execution of steel structures and aluminium structures. 
Part 2: Technical requirements for the execution of steel 
structures. 

EN 1990 	 Eurocode 0: Basis of structural design.  
EN 1991 	 Eurocode 1: Actions on structures. 
EN 1993 	 Eurocode 3: Design of steel structures.  
EN 1993-1-3:2006 	 Eurocode 3: Design of steel structures. Part 1-3: General 

rules. Supplementary rules for cold-formed members and 
sheeting. 

EN 1993-1-3:2006 	 Eurocode 3: Design of steel structures. Part 1-3: General 
rules. Supplementary rules for cold-formed members and 
sheeting. 

EN 1993-1-3:2006/AC:2009 	 Eurocode 3: Design of steel structures. Part 1-3: General 
rules. Supplementary rules for cold-formed members and 
sheeting. 

EN 1993-1-6:2007 	 Eurocode 3: Design of steel structures. Part 1-6: General 
rules. Strength and stability of shell structures. 

EN 1993-1-6:2007/AC:2009 	 Eurocode 3: Design of steel structures. Part 1-6: General 
rules. Strength and stability of shell structures. 

EN 08.01.93:2005 	 Eurocode 3: Design of steel structures. Part 1-8: Design 
of joints. 

EN 1993-1-8:2005/AC:2009 	 Eurocode 3: Design of steel structures. Part 1-8: Design 
of joints. 

EN 1993-2: 2006 	 Eurocode 3: Design of steel structures. Part 2. Steel 
bridges. 

EN 1994-2: 2005 	 Eurocode 4: Design of composite steel and concrete 
structures. Part 1-1. General rules and rules for buildings. 

EN 1997 	 Eurocode 7: Geotechnical design. 
EN 1998 	 Eurocode 8: Design of structures for earthquake 

resistance. 
EN 14399-9: 2009 	 High-strength structural bolting assemblies for preloading. 

Part 9: System HR or HV. Direct tension indicators for bolt 
and nut assemblies. 

ISO 7976-1:1989 	 Tolerances for building -- Methods of measurement of 
buildings and building products -- Part 1: Methods and 
instruments. 

ISO 7976-2:1989 	 Tolerances for building -- Methods of measurement of 
buildings and building products -- Part 2: Methods and 
instruments. 
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ISO 9226:1992 	 Corrosion of metals and alloys. Corrosivity of 
atmospheres. Determination of corrosion rate of standard 
specimens for the evaluation of corrosivity. 

ISO17123 	 Optics and optical instruments. Field procedures for 
testing geodetic and surveying instruments. 

UNE-ENV 1090-2:1999 	 Execution of steel structures. Part 2: Supplementary rules 
for cold-formed members and sheeting.  

UNE-ENV 13381-2:2004 	 Test methods for determining the contribution to the fire 
resistance of structural members. Part 2: Vertical 
protective membranes. 

UNE-ENV 13381-4:2005 	 Test methods for determining the contribution to the fire 
resistance of structural members. Part 4: Applied 
protection to steel members.  

CEN/TS 13381-1:2005 	 Test methods for determining the contribution to the fire 
resistance of structural members. Part 1: Horizontal 
protective membranes. 
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Annex 3: Diaphragms 


A3.1 General information and scope of application 

The box girder analysis may be performed using non-warping beam models, 
unaffected by cross section distortion, provided that in addition to the stiff diaphragms 
located in support sections, intermediate transverse diaphragms are also spaced 
modularly along the beam, which limit the effects of box distortion and are thus of great 
importance to the project. 

This Annex lays down conditions for governing the design of such intermediate 
diaphragms used in road bridges, with a cross section formed by a symmetrical vertical 
axis and which comprise an open, single-cell steel box section that is closed off above by 
a concrete slab. 

This Annex also proposes methods for quantifying the impact of cross section 
distortion on the response of a symmetrical single-cell box girder with a given 
configuration of diaphragms along its length. The method is generally applied to structures 
subject to significant torsional actions and where it is necessary to identify the effects of 
distortion in their design, wherever the established geometric limitations may apply. The 
advantage of the proposed method is that it allows for a maintained non-warping girder 
section methodology during analysis, which is the most common practice in box girder 
designs, with the subsequent addition, as a further stress and strain condition, of the 
impact of distortion on each of the load possibilities considered.  

A3.2 Measuring of diaphragms in road bridges 

A3.2.1 Minimum geometric conditions 

The separation between consecutive diaphragms shall not exceed for times the 
depth of the metal section, and there shall be at least four intermediate diaphragms per 
span, in addition to the stiff diaphragms located in support sections. 

The provisions of this Annex are applicable to plate diaphragms or any of the lattice
type diaphragms indicated in section A3.3, provided that, in the latter case, the diagonals 
are not tapered with the lower horizontal at 2.5H/1V. Plate diaphragms may contain 
recesses giving access to the box interior, provided that their dimensions do not 
significantly compromise the stiffness on the plane of the diaphragm. 

Stiff-frame diaphragms consisting of stiffeners perimeter-welded to the main sheets 
of the box may also be used. However, such types of diaphragm may be substantially less 
effective in controlling the effects of box distortion than the two previous groups, therefore 
the provisions and methods in this Annex apply only to frame-type diaphragms where the 
frame achieves a stiffness equal to that obtained using a lattice diaphragm measured 
following the criteria set forth in this Annex.  

Diaphragms are to be situated on substantially normal planes of the box directrix. 
Deviations exceeding 10° on the ground and 5° in elevation between the plane of the 
diaphragm and the box directrix are outside the scope of this Annex. 

ANNEXES page 63 



 

  

 

 
    

 

 

 
 

  
 

 
  
 

 

  

 
 

 
 

  
 

  

 
 

 

 

 

 

A3.2.2 Diaphragm resistance measurement 

Diaphragms are generally measured following criteria of resistance to the loads to 
which they are subject, of which consideration must be given to those originating from:  

a) 	 Cross section development of uniform torsion flows, which balance out exterior 
torsional actions affecting the box, and, for, curved bridges, torsion due to deviation 
in plan of concentrated deck bending. 

b) 	 Loads acting directly upon any element of the diaphragm, where the diaphragms 
form part of the platform-derived load transmission system. 

c) 	 Resistance to actions transmitted by any lateral cantilever systems that may exist in 
wide bridges. 

d) 	 Deviation forces created by curvature in elevation of the box, or localised or gradual 
changes in inclination of the lower flange in variable-depth bridges. 

e) 	 Transfer of localised forces generated in individual areas of the deck with a certain 
geometric discontinuity, sharp cross sectional changes, or any other circumstance 
that implies a dramatic and localised alteration of the tensile properties of the box. 

f) 	 In trapezoidal boxes, absorption of the horizontal component, allowing for the 
balancing of stresses deriving from exterior loads applied to the platform, which are 
generally vertical and with shear tensile flows on the inclined planes of the webs. 

g) 	 Forces generated during structure assembly that can have an effect on the open 
box section, before it is closed off with the upper compound section slab, and for 
which the design must include a suitable resistance mechanism. Particular 
consideration must be given to:  

– 	 Any torsional stresses that may be introduced before closure of the section, 
either permanent or temporary, during concreting of the upper slab. 

– 	 For trapezoidal boxes, impact of the inclination of webs on the balance 
between exterior loads applied and shear flows from the section that 
balances them. 

– 	 Lateral buckling restraint of compressed chords under lateral buckling during 
assembly. 

– 	 Action of the wind on the open section. 

h) 	 All stresses deriving from functions typical of conventional transverse stiffeners in 
webs and flanges, when, as is often the case, these simultaneously carry out their 
own stiffening functions on diaphragms, namely: 

– 	 Controlling local buckling of web panels and flanges subject to direct and 
shear stresses. 

– 	 Buckling restraint of compressed web and flange stiffeners in compressed 
areas. 

– 	 Gathering deviation forces due to the possible curvature or alignment 
changes of web or flange sheets and their stiffeners. 

– 	 Absorption of actions applied directly to the faces of the box, either deriving 
from the platform and acting upon the upper member of the diaphragm, or 
applied directly to the sheeting panels, primarily in the form of wind. 

For each of the stresses described, depending on the type of the diaphragm, a test 
model will be drawn up in order to determine the forces acting upon the different elements 
of the diaphragm and for its subsequent measurement, according to the applicable rules 
described in the articles of this Code. 
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As a general rule, the model for determining forces on the diaphragm includes an 
ideal box section sample, with cross-sections before and after the diaphragm on its rear 
and front sections, respectively. These are subjected to actions resulting from the stresses 
described above, which act upon the diaphragm, along with the action from front and rear 
shear flows acting on the webs and flanges of the box which balances the stresses, such 
that the system of actions introduced remains continuously self-balanced. 

Where the stiffness of a diaphragm has a significant impact on the strains upon it, 
the distribution of localised actions between consecutive diaphragms may be considered 
to determine the diaphragm’s dimensional stresses, providing such distribution is justified 
in the project by the corresponding model. However, unless this justification is included in 
the design, a diaphragm must be able to fully withstand all actions applied directly to it, 
without the support of any of the adjacent diaphragms. As an exception, an isostatic 
distribution between adjacent diaphragms of the effects of actions localised between them 
is allowed without further justification. 

Sections A3.3 and A3.4 include a test method for considering within the design the 
distribution between diaphragms of stresses resulting from the introduction of uniform 
torsional flows from localised actions into the box section, providing the relevant geometric 
limitations are satisfied. For actions of other origins, the Designer should justify any 
distribution between different diaphragms with the corresponding model, according to the 
nature of the issue to be resolved and the warping properties of both box and diaphragms. 

Once the stresses on the different elements of the diaphragm are obtained, they can 
be measured in each case according to the articles of this Code. For linear members 
obtained by welding a stiffener to a panel of web or flange sheeting, strength tests will 
consider collaboration with the stiffener of a portion of sheet with a width of 15 ε t on each 
side, where t is the thickness of the web or flange sheet and ε= √ (235/fy), with fy in N/mm2. 

Where the verification in ultimate limit states considers plastic strength, in the case 
of grade 1 or 2 sections, the test will also check for the absence of local plastifications at 
serviceability limit state. 

Moreover, two-dimensional elements (plate diaphragms) shall also be subject to 
buckling tests under the service loads set out in this Code. 

A3.2.3 Required diaphragm stiffness 

In addition to the strength tests described, the dimensions of diaphragms must also 
provide the necessary stiffness to withstand forces resulting from the stresses indicated 
above, without warping, which could significantly alter the general response of the bridge 
established in the general dimensional design or hypothesis, which have served as a 
foundation for the design of the diaphragm. 

Provided that diaphragms are suitably sized for resistance conditions in compliance 
with the previous section, fulfilment of the minimum geometric conditions established in 
the articles of this Code for each of the elements which make up the diaphragm 
(maximum thicknesses in linear and plain elements, minimum sheet thicknesses, 
minimum geometric conditions in lattice and stiffener elements, minimum geometric 
conditions in joints, etc.) generally provides a guarantee of its stiffness, with the following 
additional precautions: 

a) 	 Where the elements of a diaphragm are also to assume the conventional functions 
of webs or flanges, they must therefore also satisfy the conditions of stiffness 
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required of such elements in the applicable articles of this Code. 

b) 	 Where the warping of a diaphragm or any element thereof could significantly affect 
an ultimate or serviceability limit state test, consideration must be given to the 
impact of the diaphragm’s flexibility on the test. 

c) 	 For straight composite road bridges with a symmetrical single-cell box section, 
except in relation to the fatigue limit state, the effects of box distortion due to 
insufficient diaphragm stiffness may be prevented in ULS or SLS tests, providing the 
following conditions are met: 

– 	 Each cross section web follows a single plain with an inclination of less than 
45° against the vertical. 

– 	 The width/light ratio of the box does not exceed 0.40, considering as the 
width only the maximum separation between webs. 

– 	 The width/depth ratio of the box does not exceed 8, with the same definition 
of width as above. 

– 	 The conditions of A3.2.1 are satisfied in regard to the number, separation 
and orientation of diaphragms.  

– 	 Rigid diaphragms are installed in all support sections. 
– 	 Intermediate diaphragms between supports are suitably sized for resistance 

conditions in compliance with section A3.2.2 above and in the case of rigid 
diaphragms, i.e. without considering any distribution between adjacent 
diaphragms of localised actions applied directly to a diaphragm. 

– 	 The box geometry is constant or varies only slightly along the directrix, 
except in a certain number of localised sections containing rigid diaphragms 
which are sufficiently separated to allow for the development of direct 
stresses. 

d) 	 Diaphragms sized according to the previous conditions guarantee an overstress of 
less than 25N/mm2 in the lower metal corners of the box for the load train 
established in the Code on actions to be considered in road bridge design IAP-98. In 
the rest of the cross-section, the stress distribution can be obtained from Figure 
A3.2. Where the fatigue checking of details corresponding to flanges and webs of 
the box may be determinant of the design, these overstresses shall be considered in 
the corresponding fatigue verification, corrected to take account the actual 
magnitude of the fatigue vehicle which shall be used in that verification, according to 
regulations, and which is smaller than the load used for resistance verification. 
Nevertheless it shall not be necessary to consider the overstresses in lower flanges 
with double mix action neither in compression upper flanges connected to the upper 
slab. 

Where the fatigue verification is a determining factor and the indicated maximum 
torsional overstress determines the validity of a given detail, it is advisable to modify the 
details of the design to improve its category, in order to gain a satisfactory degree of 
fatigue control. However, given that the indicated 25 N/mm2 of torsional overstress 
corresponds to the range of boxes with the least favourable geometry from those 
described in this section, and with the maximum acceptable separation between adjacent 
diaphragms, a more specific calculation of the torsional overstress may be carried out as 
indicated in the general method in section A3.3. 
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A3.3 General calculation of the effects of distortion 

A3.3.1 Calculation of distortional overstress 

For a more precise determination of the effects of distortion associated with a given 
diaphragm configuration, the following method allows for the relation of the diaphragm 
configuration along the box beam, characterised by separation between consecutive 
diaphragms and their stiffness, with the distortional overstress and warping observed on 
the box. 

The proposed method is generally applicable to all types of box beam, including 
bridge, road or railway girders or those of any other type, provided that the following 
geometric conditions are satisfied: 

– 	 The box directrix is straight and with no skews in supports. 
– 	 The box cross section is a symmetrical single-cell which remains constant 

along the directrix.  
– 	 The depth/light and width/light ratios of the box do not exceed 0.40, 

considering as the width only the maximum separation between webs. 

However, the general application of the method may also be extended to more 
complex geometries: 

– 	 Boxes with curvature on the ground. 
– 	 Boxes with a variable geometry, provided that the variation is gradual along 

the directrix, and there are sharp geometrical changes in localised sections 
which contain rigid diaphragms. 

– 	 Boxes with skews in the supports, which contain rigid diaphragms. 

In these cases, the method allows for an approximation of the impact of distortion on 
general box response, and can serve as a suitable design tool provided that box distortion 
is only moderate and is not a determining factor in its resistance response, and that 
localised distortion in individual sites (support zones, skews, changes in geometry, etc.) is 
controlled by rigid diaphragms. Where distortion does have a significant impact, more 
developed techniques must be used, with folded plates or finite members, which allow for 
a more precise evaluation of the longitudinal and transverse performance of the box. 

The test method is based on the existing analogy between the distortion of 
symmetrical single-cell cross section box beams subject to eccentric actions and the 
bending of linear members over the elastic foundation subject to vertical loads. In 
compliance with this analogy, overstress due to the distortion of a symmetrical single-cell 
box beam subject to exterior torsional distribution m(z) along its length is given by the 
expression: 

Where: 

Ib is inertia to the distortional warping of the section, which depends solely on the 
geometry of the cross section and is given by the expression: 
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with: 

aT , aB , ac , tT , tB , tW , dW , values which define the geometry of the cross section according 
to the following figure: 

Figure A3.3.1.a 

ω(s) is the transverse distribution of direct stresses on the section, and is given by the 
following figure: 

Figure A3.3.1.b 

where ωT and ωB are given by the following expressions: 
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BD (z) is the distortional bi-moment on the beam, function of the longitudinal coordinate of 
beam z, and which coincides with the law of bending moments on an equivalent beam 
defined as follows: 

– 	 The equivalent beam is straight and of the same length as the real beam. 
Where the method is applied to curved beams, the length of the equivalent 
beam shall be taken as the developed length of the curved beam. 

– 	 The inertia of the beam is given by the inertia to distortional warping Ib defined 
above. Where the method is applied to boxes with a non-constant geometry, Ib 

shall also vary along the beam with its real variation. 
– 	 The beam is supported with elastic links at the diaphragm installation points. 

The stiffness constant KD of the supports depends on the type of diaphragm, 
and is indicated further on for the most common cases. 

– 	 Support sections have rigid links, which must materialise in the real structure 
with rigid diaphragms. 

– 	 A rigid diaphragm must also be used in sections where there is a sharp 
change in box geometry, when the method is applied as an approximation to 
such types of box. In the equivalent beam, this diaphragm may be represented 
with the stiffness constant KD corresponding to its configuration, as indicated 
below. Generally, this diaphragm must be configured with a significantly higher 
stiffness than all other adjacent diaphragms. 

– 	 The vertical load p(z) applied to the beam depends on the geometry of the box 
and the exterior torsional distribution m(z) applied to the box for which the 
distortion is tested, and is given by the expression: 

where Ω is double the internal area of the trapezoid that forms the cross section, 
while all the other geometric parameters are defined in the figure above. Where the 
beam has a curvature on the ground, in addition to the exterior torsions introduced 
onto the beam m(z), the additional torsion that produces the deviation on the ground 
of bends in the beam, obtained by dividing the law of bending moments on the beam 
by the radius of curvature at each point, must also be included. 

The stiffness constant KD in elastic links represents the stiffness of the diaphragm in 
its plain which counteracts distortional warping, and assumes the following values for the 
types of diaphragms considered in this Annex:  
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Plate diaphragm 

where, td is the diaphragm sheet thickness, Lp the geometric diagonal of the box 
cross-section, and Ai the area of the trapezoid that forms the cross section. 

St. Andrew's Cross with two composite bars: 

where Ad is the area of the diagonal of the lattice and Lb its length. 

Individual diagonal or tensile St. Andrew’s Cross: 

with the same meanings as above.  

V lattice: 

where Ad is the area of the diagonal of the lattice and Lb its length.  

Inverted V lattice: 

with the same meanings as above. 
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Double V lattice: 

where Ad is the area of the diagonal of the lattice and Lb its length. 

Double inverted V lattice: 

where Ad is the area of the diagonal of the lattice and Lb its length.  

Frame diaphragm: 

where IW is the second moment of area of the frame member corresponding to the 
box web, obtained by adding to the web stiffener a support width on each side of 15 
ε t, with ε= √ (275/fy), fy en N/mm2. 

The parameters C1, C2, rT , rB are: 

The stress thus obtained coincides with the distortional overstress on the box for the 
load state corresponding to the torsional distribution introduced.  
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A3.3.2 Calculation of warping due to distortion  

The deflection obtained on the equivalent beam coincides with the displacement of 
the web in its plane due to the distortion of the cross section, which must be considered 
when testing the serviceability limit states, where relevant. 

A3.3.3 Interaction between diaphragm sizing and longitudinal calculation. 

The general method laid out in A3.3 also allows for relation between the general 
response of the box and the sizing of the diaphragms, since the reactions on the elastic 
springs of the equivalent beam model reflect the distribution between different diaphragms 
of the localised torsional actions. The geometric limitations for the application of the 
method described in this section are the same as those illustrated in the previous section. 

The real stresses SD on the different elements of the diaphragm can be estimated 
based on those obtained in the hypothesis of fixed diaphragms SD,rνgido, from section 
A3.2.2, by means of the expression: 

SD=FSD,rνgido 

in which the factor of proportionality F is given by the quotient: 

RDF  
RD,rígido 

in other words, by the relation between reactions on the springs obtained in the equivalent 
beam model and those obtained in the same model but with fixed supports in the sections 
where the diaphragms are located. 

The method thus allows for the optimised sizing of diaphragms for stresses 
generally less intense than those obtained in the case of full stiffness when estimating 
forces on diaphragms. 

However, where diaphragms are sized in consideration of this flexible distribution 
between consecutive diaphragms of stresses generated by the introduction of localised 
torsional actions, consideration must also be given to the effects of distortion on tests at 
serviceability limit state (warping, local plastification and local buckling) and at the ultimate 
limit state of fatigue, placing overstresses and distortional warping directly over those 
obtained in the analysis of the box as a one-dimensional beam-type element.  

In general, distortional overstress can be ruled out in tests at ultimate limit states, 
except fatigue, provided that its increased value does not exceed 10 % of the reduced 
yield strength of the material. 
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Annex 4: European buckling curves 


This Annex gives the “source” values of the buckling reduction coefficient in 

relation to non-dimensional slenderness , in the form of tables , for the different 
buckling curves considered.  

"a" Curve 
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"a" Curve 
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"b" Curve 
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"c" Curve 
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"d" Curve 
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Annex 5: Buckling length of compression 
members 

A5.1 General 

The buckling length Lcr of a compression member is the length of otherwise r similar 
member with “hinged ends” (ends that cannot be laterally displaced, but which are free to 
gyrate on the plane of buckling), which has the same buckling resistance. 

Without more information, the theoretical elastic buckling length may be 
conservatively adopted as buckling length. 

An equivalent buckling length may be used to relate the buckling resistance of a 
member subject to a non-uniform axial force to that of a similar member subject to a 
uniform axial force. 

An equivalent buckling length may also be used to relate the buckling resistance of 
a non-constant cross section to that of another uniform member subject to similar 
conditions of force and of linking. 

A5.2 Structural supports or frames in buildings 

The buckling length Lcr of a support in a non-translational frame (fixed joint type) can 
be seen in figure A5.2.a. 

The buckling length Lcr of a support in a translational frame (moving joint type) can 
be seen in figure A5.2.b. 

For the theoretical models shown in figure A5.2.c, the distribution coefficients η1 and 
η2 are obtained from:  

where: 

Kc Coefficient of stiffness of column I/L.  

Kij Effective coefficient of sitffness of the beam.  

These models can be adapted for the sizing of continuous supports, assuming that 
each longitudinal section of the support is stressed to the same value of the ratio (N/Ncr). 
In the general case in which (N/Ncr) varies, this leads to a conservative value of Lcr/L for 
the most critical length of the column. 
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For each longitudinal section of a continuous support, the hypothesis mentioned in 
the previous paragraph may be considered, using the model indicated in figure A5.2.d and 
obtaining the distribution coefficients η1 and η2 from: 

where K1 and K2 are the coefficients of sitffness for the longitudinal sections adjacent to 
the support. 

Where the beams are not subject to axial forces, their coefficients of sitffness may 
be determined according to table A5.2.a, provided that they fall within the elastic range. 

Table A5.2.a. Effective coefficient of sitffness for a beam 

Conditions of restraint to rotation on the far  
end of the beam 

Effective coefficient of sitffness K of the 
beam (provided this remains within the 
elastic range) 

Fixed on the far end 1.0 I/L 

Hinged on the far end 0.75 I/L 

Equal rotation to that of the near end 
(double curvature) 

1.5 I/L 

Equal and opposite rotation to that of the 
near end (single curvature) 

0.5 I/L 

General case. Rotation θa on the near end 
and θb on the far end  

(1 + 0.5 θb/θa) I/L 

For building frames with concrete floor slabs, provided that the frame or structure is 
of a regular geometry and bears a uniform load, it is generally sufficiently accurate to 
assume that the coefficients of sitffness of the beams are those indicated in table A5.2.b. 

Table A5.2.b. Effective coefficient of sitffness for beams of a building frame with concrete 
floor slab 

Load conditions for the beam Non-translational frame Translational frame 

Beams directly supporting concrete 
floor slabs 

1.0 I/L 1.0 I/L 

Other beams with direct loads 0.75 I/L 1.0 I/L 

Beams with moments on the ends 
only 

0.5 I/L 1.5 I/L 

When, for the same load, the design value of the bending moment on any of the 
beams exceeds the value Welfy / γM0, it must be assumed that the beam is hinged at the 
corresponding point(s). 
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Where a beam has nominally articulated joints, it shall be assumed that it is hinged 
at the corresponding point(s). 

Where a beam contains semi-rigid joints, its effective coefficient of sitffness must be 
reduced accordingly. 

Figure A5.2.a. Buckling length ratio Lcr/L (coefficient β) for a non-translational frame 
support (fixed joints) 

Hinged 

Fixed 

Fixed Hinged 

Figure A5.2.a. Buckling length ratio Lcr/L (coefficient β) for a non-translational frame 
support (fixed joints) 
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Hinged 

Fixed 

Fixed Hinged 

Figure A5.2.b. Buckling length ratio Lcr/L (coefficient β) for a translational frame support 
(moving joints) 
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Distribution coefficient η1 

Distribution coefficient η2 

a) Non-translational mode (buckling with fixed joints) 

Distribution factor η1 

Distribution factor η2 

b) Translational mode (buckling with moving joints) 

Figure A5.2.c. Distribution factors for supports 
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Distribution factor η1 

Distribution factor t η2 

Column is 

Figure A5.2.d. Distribution factors for continuous supports 
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Where beams are loaded due axial force, their effective stiffness factors must be 
adjusted accordingly. This can be done using stability functions. As a simple alternative, 
the increase in the stiffness factors due to the existence of a tensile axial force may be 
disregarded with consideration given instead to the existence of a compression axial force 
using the conservative approximations shown in table A5.2.c. 

Table A5.2.c. Approximate formulae for bend stiffness factors, reduced due to the 
existence of compression axial force 

Conditions of restraint  on the far end of the 
beam 

Effective stiffness factor K of the beam 
(providing this remains within the elastic 
range) 

Fixed on the far end 1.0 I/L (1 – 0.4 N/NE ) 

Articulated on the far end 0.75 I/L (1 – 1.0 N/NE ) 

Equal rotation to that of the near end 
(double curvature) 1.5 I/L (1 – 0.2 N/NE ) 

Equal and opposite rotation to that of the 
near end (single curvature) 0.5 I/L (1 – 1.0 N/NE ) 

In this table, NE = ð2EI/L2 

The empirical formulae given below may be used as conservative estimates instead 
of the values taken from figures A5.2.a and A5.2.b. 

a) Non-translational mode (figure A5.2.a): 

a) Translational mode (figure A5.2.b):  
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Annex 6: Longitudinally stiffened plate 
elements 

A6.1 General 

This Annex gives rules for taking into account the ultimate limit state for local 
buckling in stiffened plate elements, caused by longitudinal stresses, when the following 
conditions are met:  

-	 The panels are rectangular and the flanges are parallel, or near-parallel with a 
maximum inclination of 10º.  

-	 Where stiffeners are present, they are configured in the longitudinal and/or 
transverse direction. 

-	 Any holes or cuts must be small in size. 
-	 The structural elements in question are of a uniform transverse section. 
-	 There is no local buckling in the web generated by the flange. 

A6.2 Resistance to longitudinal stresses 

The resistance of stiffened plate structural elements subject to longitudinal stresses 
can be determined using the effective sections of compressed plate members used to 
calculate the sectional properties of a grade 4 section (Aef, Ief, Wef), with the aim of testing 
the resistance of the sections and members to buckling and lateral buckling, in 
accordance with sections 35.1 and 35.2 of Chapter IX. 

Effective sections can be determined based on the indications given in Section 20, 
in particular section 20.7, of Chapter V. Consideration must also be given to the influence 
of shear lag. Considering both effects, effective sections are determined in accordance 
with the provisions of sections 21.5 and 34.1.2.5. 

A6.3 Plate elements without longitudinal stiffening  

The effective areas of compression flat elements are defined in tables 20.7.a and 
20.7.b of section 20.7 for members without free ends (interior panels) and for members 
with a free end, respectively. Except for ultimate limit state testing on members prone to 
instability issues, as addressed in Chapter IX sections 35.1, 35.2 and 35.3, the effective 
widths of grade 4 compressed cross section panels may be estimated, in a less 
conservative manner, based on a lower plate slenderness value pλ calculated on the basis 
of maximum compressed panel stress or warping values, which are obtained considering 
the effective widths of all partial or fully compressed cross section panels.  

In this expression σc,Ed is the maximum design compression stress on the  plate 
element , determined using the effective area of the section, taking into account all actions 
applied simultaneously. 
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The procedure described in the previous paragraph is conservative and requires an 
iterative design process, as indicated in Chapter V, section 20.7. 

Sheet panels with a/b<1 aspect ratios (a being the distance between loaded ends) 
may be susceptible to column buckling. Testing is therefore carried out according to the 
indications given in section A6.4.4 of this Annex, using reduction coefficient ρc of panel 
instability (plate performance and column buckling performance). This is the case for flat 
sheet elements between transverse stiffeners in which plate instability can be associated 
with column buckling, requiring reduction coefficient ρc, in order to obtain the value χc for 
support buckling (see figures A6.3.a and A6.3.b). For sheets with longitudinal stiffeners, 
column buckling may also be seen for a/b aspect ratios equal to or greater than the unit. 

a) plates without longitudinal b) nun-stiffened plate  with small aspect ratio c) of longitudinally stiffened plate  with 
supports a large aspect ratio 

Figure A6.3. Column-like performance 

A6.4 Plate elements with longitudinal stiffening 

A6.4.1 General 

For longitudinally stiffened plate elements, consideration must be given to the 
effective section areas of the different subpanels between stiffeners in terms of local 
buckling and to the effective section area of the stiffened panel in relation to general 
buckling. 

The effective area of each subpanel should be determined by means of a reduction 
factor according to the indications given in section A6.3 (see section 20.7), in order to 
account for local plate buckling. The same goes for subpanels in which the longitudinal 
stiffeners can be broken down (however, these tend to be designed as grade 1 or 2, with 
which the local buckling reduction factor is equal to the unit). 

The stiffened panel, taking into account any effective areas of stiffeners, must be 
checked for general buckling (e.g. by considering the panel as an equivalent orthotropic 
plate), identifying a reduction coefficient ρc corresponding to the local buckling verification 
of the panel, as a whole. 

where Ac,ef,loc is the sum of effective areas of all stiffeners and subpanels fully or partially 
situated in the compressed area, with the exception of effective parts supported by an 
adjacent sheet panel with a thickness bbor,ef, as shown in the example given in figure 
A6.4.1. 

The area Ac,ef,loc  should be obtained from : 

The effective section of the compression zone of the stiffened panel should be taken 

as 
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where: 

 applies to the width of the compressed stiffened panel, except the parts bbor,ef. 

Asl,ef  Sum of the effective areas of all longitudinal stiffeners with a gross area Asl situated 
in the compression zone  , calculated according to the indications given in section 
A6.3 of this Annex (see section 20.7).  

bc,loc Width of the compressed part of each subpanel. 

ρloc Reduction factor  for each subpanel calculated according to A6.3 (see section 20.7). 

Figure A6.4.1. Definition of the gross area Ac and of the effective area Ac,ef,loc for stiffened 
plates under  to uniform compression 

To determine the general reduction factor ρc which considers the instability of the 
panel as a whole, consideration must be given to the possibility of column buckling, which 
produces a stricter reduction factor than that derivable from plate buckling. 

The procedure for carrying out this verification and for determining ρc is based on an 
interpolation between the reduction factor ρ related to plate buckling and the reduction 
factor c χc for considering column buckling. This interpolation is defined further on in 
section A6.4.4.  

In cases where there is a significant influence of shear lag (see sections 21.5 and 
34.1.2.5), the effective definitive reduced section Ac,ef of the compressed area of the 
stiffened plate must be taken as A*c,ef in order to account for the effect of shear lag in 
addition to the effects of plate buckling.  

The effective section of the tensile area of the stiffened plate must be equal to the 
area of the gross section of the effective tensile area as a result of shear lag, where 
applicable. 

The shear modulus Wef of the effective reduced section is obtained as the quotient 
between the inertia of the effective reduced section and the distance between the centre 
of gravity of this section and the mid plane of the flange. 

ANNEXES page 87 



 

 

 

 

 

 
 

  

   

 

 

 
 

 
 

 
  

 

 

 

A6.4.2 Plate performance 

The non-dimensional plate slenderness  of the equivalent plate is defined as: 

where: 

where: 

Ac Gross section of the compressed area of the stiffened plate, with the exception 
of parts of subpanels supported by an adjacent plate panel (see figure A6.4.1) 
(which must be multiplied by the shear lag coefficient, where necessary). 

Ac,ef,loc Effective area of the same part of the plate, calculated taking into account the 
possible buckling of the different subpanels and/or flat stiffening elements. 

The reduction coefficient ρ for an equivalent plate is obtained from the formula given 
for flat members without stiffening (see section 20.7 of Chapter V).  

To determine the value  using the aforementioned formula, it is necessary to 
know the stress value σcr,p. The two following subsections lay down two different methods 
for determining this stress value, respectively, each of which is particularly applicable to 
specific types of stiffened panels. 

A6.4.2.1 Multiple longitudinal stiffeners. Concept of the equivalent orthotropic.  

Stiffened plate panels with more than two longitudinal stiffeners may be considered 
orthotropic plate. The basic idea consists of the distribution of the stiffness of the 
longitudinal stiffeners across the width of the sheet. Conceptually, an equivalent 
orthotropic plate thus replaces the stiffened sheet. The critical buckling stress of the 
equivalent plate can be obtained as: 

where: 

b Dimension of the panel subject to longitudinal stresses (see figure A6.4.2.1).  

is the critical buckling stress on the edge of the panel where the maximum 
compression  stress is applied (see figure A6.4.2.1). 
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1. centroid of the stiffener.  

2. centroid of the column =stiffener+sheet. 

3. Subpanel. 

4. Stiffener. 

5. Thickness of plate t t. 

e=max (e2e1) 

Width for gross area  Width for effective area Condition for Ψi 

b1,inf 

b2,sup 

b2,inf 

b3,sup 

Figure A6.4.2.1. Notation for longitudinally stiffened plates  
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The coefficient kσ,p for local buckling, obtained according to the orthotropic plate 
theory, considering longitudinal stiffeners distributed uniformly over the plate. This 
coefficient of local buckling of stiffened panels kσ,p is obtained either from appropriate 
charts for sneared stiffners or for discretely placed stiffeners, or relevant computer 
simulation. 

Where a web is of concern, the width b in equation shown above should be replaced 
by the depth of the web hw. 

For stiffened panels with at least three equally spaced longitudinal stiffeners, the 
plate buckling coefficient kσ,p (global stiffened panel buckling) may be approximated by: 

if 

if 

with: 

where: 

IsI	 Second moment of area of the whole stiffened plate Ip : Second moment of 
area for bending of the plate: 

Asl is the sum of the gross area of all individual longitudinal stiffeners. 

Ap is the gross area of the plate: 

Ap = b·t 

σ1  maximum stress at one panel edge. 

σ2  minimum stress at the opposite edge.  

a, b and t Dimensions defined in figure A6.4.2.1. 
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A6.4.2.2 	 One or two stiffeners in compressed area. Concept of equivalent column 
on elastic foundation. 

This procedure is of particular interest when the number and layout of longitudinal 
stiffeners result from a non-uniform distribution of direct longitudinal stresses, as in the 
case of a web panel. For such situations, following a procedure that addresses the 
discrete nature of stiffening in a simple manner is recommended. The critical buckling 
stress calculation can no longer be based on the orthotropic plate concept, but instead 
forms part of the analysis of a column rested on an elastic foundation, which reflects the 
plate effect in the direction perpendicular to the column bar (see figure A6.4.2.2.a). The 
critical elastic buckling stress of the equivalent column can be taken as an approximation 
of the stress value or σcr,p. 

Column 

Elastic Coumn 

Column 

Section XX 

Figure A6.4.2.2.a. Column on elastic foundation 

With a single stiffener: 

If the stiffened plate contains just one stiffener in the compression zone, the 
localisation of the equivalent column coincides with the longitudinal stiffener. To ensure a 
simple formulation, stiffeners located in the tensile area of the member are not 
considered. 

To calculate Asl,1 and Isl,1 the gross section of the column should t be taken as the 
gross area of the stiffener, considering the adjacent portions of the plate t as follows If the 
subpanel is fully in compression, a percentage of (3-Ψ)/(5-Ψ) of its width b1 on the edge of 
the panel less stressed is taken, with a percentage 2/(5-Ψ) for the most stressed area. If 
the stress change from compression to tension) within the same subpanel, a portion of 0.4 
of the width bc of the compressed part of this subpanel should be taken as part of the 
column, as shown in figure A.6.4.2.2.b.  
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Figure A6.4.2.2.b. Notation for a web plate with a single stiffener in the compression 
zone The effective cross-sectional area of column Asl,1,ef  should be taken as effective 
cross-sectional area of the stiffener and of the adjacent parts of the plate as seen in figure 
A6.4.2.1. The area of the effective section must be determined in order to calculate βA. 
The slenderness of the plate elements in the column can be determined following the 
indications given in section 20.7, taking σc,Ed as the maximum design compression stress 
for the gross cross section. 

In absence of an elastic foundation, the buckling length of the equivalent column 
would be equal to the distance between transverse stiffeners a. Due to the plate effect, 
the buckling length ac of the equivalent column would be smaller than distance a. 

According to the physical model, it is found that: 

The critical elastic buckling stress of the equivalent column can be determined using 
the following formulae: 

if a≥ac 

if a<ac 

where: 

Asl,1 Gross cross section of the column obtained. 

Isl,1  Second moment of area  of the gross section of the column about an axis 
which passes through its centre of gravity and runs parallel to the plane of the 
sheet. 

b1, b2 Distance from the longitudinal edges to the stiffener b1+b2=b (see figures 
A6.4.2.2.a and A6.4.2.2.b). 


This stress can be taken as an estimation of stress σcr,p. 
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With two stiffeners: 

Where the stiffened plate has two longitudinal stiffeners in the compression zone the 
method illustrated above is applied three times, as shown below (see figure A6.4.2.2.c). 
First, it is assumed that each of the stiffeners buckles while the other acts as a fixed 
support. 

A simultaneous buckling verification must then be performed on both stiffeners; this 
involves using a single stiffener that combines the effect of both as follows:  

-	 The cross-sectional area and second moment of area i of the combined 
stiffener are respectively the sum of that for the individual stiffeners, which are 
calculated as shown above. 

-	 The combined stiffener is positioned at the location of the resultant of the 
respective forces in the individual stiffeners. 

Stiffener 1 Stiffener 2 Combined stiffener 

Area Asl,1 Asl,2  Asl,1+Asl,2 

Second moment of area Isl,1 Isl,2  Isl,1 + Isl,2 

Figure A6.4.2.2.c Notations for plate with two stiffeners in the compression zone 
Consideration is given to the three situations shown in figure A6.4.2.2.c, assuming b1=b1*, 
b2=b2* and b = B*=b1*+ b2*. 

The three cases are then studied and the smaller of the three values taken from 
σcr,sl, obtained using the formula shown in the previous section for the case of a single 
stiffener, is taken as an estimation of the stress value σcr,p. 

A6.4.3 Column type buckling performance  

The elastic critical buckling stress σcr,c of a unstiffened plate  (see section A6.3) or 
stiffened plates (see section A6.4) should be as the critical buckling stress without 
considering the supports along the longitudinal edges. 

For a non-stiffened plate the critical elastic column buckling stress σcr,c is obtained 
from : 
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For a stiffened plate the stress cr,c may be determined based on the critical column 
buckling stress cr,sl of the stiffener closest to the panel edge with the highest compression 
stress, as follows 

where: 

Isl,1  	 the second moment of area of the gross cross section of the longitudinal 
stiffener and the adjacent parts of the plate, as indicated in figure 
A.6.4.2.1,relative to the out-of-plane bending axis of the plate Asl,1 Gross cross 
sectional area of the stiffener and the adjacent parts of the plate, as indicated 
in figure A.6.4.2.1 

The stress σcr,sl is obtained considering a uniform compression stress state, without 
any influence from the outer end supports and with a buckling length equal to the length of 
the stiffened panel . 

In the case of a non-uniform stress distribution, the stress σcr,c can be obtained as 

, where σcr,c is the relative stress on the compressed edge of the plate, 
and bsl,1 and bc are geometric values obtained from the stress distribution used for 
extrapolation (see figure A6.4.2.1).  

 is defined as follows: The relative slenderness of the column 

for un-stiffened plate 

 for stiffened plates 

where: 

Asl,1	 Is defined above.  

Asl,1,ef Area of the effective section due to local plate buckling (see figure A6.4.2.1).  

The reduction factor χc should be obtained from the indications given in section 
35.1.2 of Chapter IX. Un-stiffened plates shall assume a value of the coefficient of 
imperfection α=0.21, which corresponds to the buckling curve a. For the case of stiffened 

ANNEXES 	page 94 



 

 

 

 

 

 
  

 
 

 

 

 

 

 

  

 

   

 
 

 
 

 

plates, the value of α be increased to account for the existence of greater initial 
imperfections in such types of member (stiffening welds). This shall assume the value αe 

equal to: 

where: 

α=0,34 (curve b) for closed section stiffeners. 

α=0,49 (curve c) for open section stiffeners. 

e=max (e1,e2) 	 Largest distance from the centre of gravity of the effective section 
of the stiffener and of the corresponding part of the support plate 
(column centre of gravity) to the centre of gravity of the plate or of 
the gross section of the stiffener alone (or of the set of stiffeners 
alone, where both sides of the sheet are stiffened) (see figure 
A6.4.2.1). 

A6.4.4 Interactions between plate performance and column buckling 

The final reduction factor c is obtained by interpolation between the coefficients  
(section A6.4.2) and c (section A6.4.3) as follows: 

where: 

where: 

cr,p critical  buckling stress of the plate (section A6.4.2).  

σcr,c  critical column buckling stress according to the indications given above 
(section A6.4.3).  

ρ reduction  factor due to local buckling of the equivalent orthotropic plate 
(section A6.4.2).  

χc Factor reduction due to column buckling (section A6.4.3).  

Once ρc is known, the area of the effective section of the compressed area of the 
stiffened panel Ac,ef (see section A6.4.1) can then be determined, based on which it is 
possible to determine the area of the effective section of a generic structural member and 
its shear modulus. 
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A6.5 	Verification 

Member verification for axial compression force and uniaxial bending moment 
should be performed as follows: 

where: 

Aef Area of the effective reduced section obtained under the action of an axial 
compression force. 

eN Shift in the position of neutral fibre of the effective reduced section in relation 
to the neutral fibre of the gross section subject to an axial compression  force. 

MEd Design bending moment.  

NEd Design axial force. 

Wef Elastic modulus of the effective section subject to a bending moment. 

γM0 Partial factor for resistance . 

For member subject to axial compression force and biaxial bending, the previous 
formula appears as follows: 

Verification for local sheet buckling is carried out for the resulting values from 
existent stresses at a distance 0.4a or 0.5b, whichever is smallest, from the end most 
stressed panel end. In this case, the gross sectional resistance needs to be checked at 
the end of the panel on the final edge of the panel. 

A6.6	 ‘Apparent’ axial-longitudinal strain (N-εap) diagrams for stiffened 
compressed sheets 

Except in small sections, compressed steel sheets are generally fitted with stiffeners 
(longitudinal and transverse). This is the case for box sections subject to negative bending 
stress. 

In most cases, due to second-order phenomena, such elements can be susceptible 
to transverse warping during the elastic and elastic-plastic post-critical phases, and can 
even produce warping values similar to those of elastic-plastic calculations for failure (see 
19.5.1). 

The response of compressed stiffened sheets, subject to monotonically increasing 
axial forces on their plane, adopts a progressively non-linear form with a relatively fragile 
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performance once the load of instability is reached, characterised by a significantly sharp 
decline in the descending branch of its strength-deformation curve.  

The analysis of such elements can be performed using non-linear finite element 
models of the bottom sheet set and the frame of longitudinal and transverse stiffeners, 
with any necessary lateral links between this substructure and the rest of the section 
(webs compressed and flanges). The finite element model should take into consideration 
equivalent geometric imperfections associated with the forms of critical modes of 
instability of the stiffened sheet set, as well as its members (sheet panels between 
stiffeners), representative of the influence on non-linear response of geometric operating  
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Annex 7: Stiffeners and detailing  

A7.1 General 

This Annex lays down criteria for the designing and verification of stiffened elements 
subject to longitudinal stresses, supplementing the criteria already given for local buckling 
and concentrated loads (sections 35.4, 35.5, 35.6 and 35.7). It also establishes additional 
design criteria to those included in section 35.9 and in Annex 6 concerning the checking of 
longitudinally stiffened sheets subject to longitudinal stresses. 

A7.2 Longitudinal stresses  

A7.2.1 Minimum requirements for transverse stiffeners 

In order to provide a rigid support for a plate s with or without longitudinal stiffeners, 
intermediate transverse stiffeners should satisfy the criteria given below The transverse 
stiffener is modelled as a simply supported element with an initial sinusoidal imperfection 
w0 of s/300, s being the smallest ofa1, a2 or b (see figure A7.2.1), where a1 and a2 are the 
lengths of the panels adjacent to the transverse stiffener in question and b is either the 
height of the transverse stiffener between the centroids of the flanges or span length of 
the transverse of the traverse stiffener. Eccentricities should be taken into account. 

1. Transverse stiffener 

Figure A7.2.1. Transverse stiffener. 

The transverse stiffener should carry the deviation forces deriving from the adjacent 
compressed panels under the assumptions that both adjacent transverse stiffeners are 
rigid and are kept straight under the combined action of any external load and an axial 
force, the latter of which is determined according to 35.9.3.3. Compressed plate panels 
and longitudinal stiffeners are considered to be simply supported at the transverse 
stiffeners. 

Using a second-order elastic method analysis should satisfy the following 
requirements at the ultimate limit state: 

- That the maximum stress in the stiffener should not exceed fy/γM1. 

- That the additional deflection should not exceed b/300 (see figure A7.2.1). 
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In the absence of any axial force the transverse stiffener, it can be assumed that 
both criteria are satisfied provided that the second moment of area of the transverse 
stiffener Ist is not less than: 

where: 

emax The maximum distance from the extreme  fibre of the stiffener to the centroid 
NEd . The maximum compression force of the adjacent panels to the stiffener, 
which must not be less than the product of the maximum compression stress 
multiplied by half the effective compression area of the panel, including 
stiffeners. 

σcr,c, σcr,p Defined in Annex 6. 

Where the transverse stiffener is subject to an axial compression force, this must be 
increased by the value ∆Nst=σm b2/ð2 to account for deviation forces. The aforementioned 
requirements remain applicable, but it is not necessary to consider ∆Nst when calculating 
the uniform distribution of stresses on the stiffener, caused by axial force. 

In a simplified manner, in the absence of axial force, verification of the 
aforementioned requirements may be carried out by means of a first-order elastic 
analysis, considering the additional action of uniformly distributed lateral load acting on 
the length b of the stiffener and of the following value: 

where: 


σm Is defined above in this section. 


w0 Is defined in figure A7.2.1.  


wel Elastic deflection, which may be either determined iteratively or be taken as 

the maximum  additional deflection b/300. 

Unless an in-depth analysis is carried out, in order to avoid torsional buckling of 
open cross-section transverse stiffeners, the following criterion should be satisfied: 

where: 
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Ip Polar second moment of area of the stiffener, alone, around the edge fixed to 
the plate. 

IT  St. Venant torsional constant for the stiffener alone.  

When warping stiffness is considered, stiffeners should either satisfy the above 

condition or the criterion 

where: 

σcr Elastic critical  stress for torsional buckling of the stiffener. 
θ Parameter to ensure class 3 performance . A θ value of 6 is recommended. 

A7.2.2 Minimum requirements for longitudinal stiffeners  

Requirements related to torsional buckling set forth in section A7.2.1 also apply to 
longitudinal stiffeners. 

Discontinuous longitudinal stiffeners that do not cross transverse stiffeners through 
specific openings made in them or which are not connected to both sides of the 
transverse stiffener: 

- Should be used for webs (i.e. they may not be used in flanges). 
- not be considered in the global l analysis.  
- not be considered in the stress calculation. 
- considered in the effective widths of web subpanels. 
- considered in the calculations of the elastic critical stresses.
 

Resistance verification for stiffeners should be performed according to Annex 6 


A7.2.3 Welded plates 

Plates with changes in plate thickness should be welded in areas close to a 
transverse stiffener, see figure A7.2.3. The effects of eccentricity do not need to be taken 
into account, unless the distance to the stiffener from the welded joint exceeds b0/2 or 200 
mm, where b0 is the t width of the plate between longitudinal stiffeners. 

min (b0/2, 200 mm) 

1. Transverse stiffener.
 
2. Transverse weld. 


Figure A7.2.3. Welded plates 
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A7.2.4 Cut-outs in stiffeners 

The dimensions of cut-outs in longitudinal stiffeners should be as shown in figure 
A7.2.4.a. 

Figure A7.2.4.a. Cut-outs in longitudinal stiffeners 

The length ��(see figure A7.2.4.a) should not exceed:  

-  for compressed flat stiffeners  

-  for other compressed stiffeners. 

- for non-compressed stiffeners. 

where tmin is the lesser r of the plate thickness. 

The limiting values for compressed stiffeners may be increased by

 when 

The dimensions of cut-outs in transverse stiffeners, should be as shown in figure 
A7.2.4.b below. 

max e 

Figure A7.2.4.b. Cut-outs s in transverse stiffeners 


The gross web adjacent to the cut-out should resist a shear force of VEd  when : 
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where: 

Inet is the second moment of area for the net section of the transverse stiffener.  

e  Is the maximum distance from n the underside of the flange plate to the 
neutral fibre of net section (see figure A.7.2.4.b).  

bG Is the length of the transverse stiffener between flanges. 
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Annex 8: Thermal actions caused by fire 


A8.1 General 

The process for a structural verification in a fire situation should follow four steps: 

1. 	 selection of the fire scenarios appropriate for the design, based on a global strategy 
in accordance with fire safety standards, for the specific building in the design; 

2. 	 determination of the corresponding design fires; this defines the design fire action 
or, in short, “design fire”, using the curve of temperature increase in gases in the fire 
enclosure, depending on the time used to characterise the fire action. When 
selecting the fire design, an appropriate mathematical model from a real fire may be 
used, or alternatively the standard temperature-time curve that represents the 
thermal programme for the test furnaces; 

3. 	 calculation of the temperature evolution within the structural members as a result of 
their exposure to fire for the design adopted. If a real fire model is chosen, the 
calculation shall cover the total duration of the fire, including the cooling phase. If a 
standard fire is chosen, where there is no cooling phase, the prescribed fire 
exposure time tfi,requ must be fixed following the specifications of the regulations in 
force; 

4. 	 calculation of the mechanical performance of the structure exposed to fire.  

This Annex includes information intended to facilitate the execution of the two first 
phases mentioned above, since the procedures for the latter two are set out specifically in 
this Code and are discussed in Chapter XII. 

The design fires contained in this Annex correspond to a specific “fire compartment”, 
defined as an enclosure that is separated from other enclosures that may co-exist in the 
same building volume using compartment members of a grade and useful surface which 
is set out in each case by the Technical Code on Building and, where applicable, any 
relevant Regulations of the Autonomous Governments, local council Orders, etc. Unless 
otherwise stipulated, a design fire shall be assigned to each situation considered to affect 
a single fire compartment of the building each time.  

The standardised temperature-time curve or, in short, “standard fire”, shall mean the 
test defined by UNE-EN 1363, and characterised by the variation in temperature over time 
given in A8.3.1. 

A8.2 Verification on structural stability in a fire situation  

A8.2.1 Fire resistance required for the structure 

In order to adopt the magnitude tfi,nom given below, the regulations in force should be 
respected. 
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Unless such regulations specify otherwise, the resistance time required of the 
structure tfi,requ against a standard fire may be selected using either of the two procedures 
set out in this Code, which complement each other in the following terms:  

a) 	 nominal fire exposure: this is conventionally defined by the duration, expressed in 
minutes of standard fire, called tfi,nom in this Code, the values of which must be taken 
from the tables in Section SI 6 of the CTE, the RSCIEI, or, where relevant, the other 
regulations mentioned in the preceding paragraph;  

b) 	 equivalent fire exposure: in this case, a specific analytical criterion is set out to 
determine the equivalent fire exposure time. This criterion is discussed in A8.5, 
which defines and quantifies the corresponding representative value of the fire 
exposure (te,d). 

With tfi,requ = tfi,nom, or tfi,requ = minimum (tfi,nom, te,d) where paragraph b) applies as 
explained above, the fire safety of the steel structure may then be checked  in accordance 
with the procedures permitted by this Code.  

This Annex also includes theoretical-experimental criteria for determining the fire 
resistance required for structures where, as the other criteria explicitly stated in this Code, 
the Designer is responsible for selecting the criteria.  

A8.2.2	 Thermal actions. Net heat flux 

Thermal actions on the surface of structural members are defined by the net heat 

flux [W/m2] that affects the surface unit of such members that is exposed to fire. 

This must be determined using the transmission of heat by convection and radiation:

 [W/m2] 	(A8.2.1) 

where: 

(A8.2.2) 

[W/m2] (A8.2.3) 

where: 

αc 	 factor for transference of heat by convection [W/m2 K]. The αc factors that 
apply to the nominal temperature-time curves are given in A8.3 and for 
natural fire models in A8.6 and A8.7;  

Θg 	 temperature of gas in the vicinity of the member exposed to fire [ºC], defined 
by the design fire selected;  

convection component of thermal flux per surface unit: 

[W/m2] 

radiation component of net heat flux per surface unit: 
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Θm temperature of the member’s surface [ºC]. This is obtained as a result of the 
thermal analysis of the member in accordance with Chapter XII relating to the 
structural design in fire situations; 

Φ shape factor; if there are no specific data, Φ = 1.0 must be used. A lower 
value may be used in order to take account of the effects of position and 
shade; 

εm emissivity of the member’s surface, using εm = 0.7;  

εf emissivity of the flame , generally using εf = 1.0; 

or the Stephan Boltzmann’s constant (= 5.67 · 10-8 [W/m2 K4]); 

Θr effective fire radiation temperature [ºC]. For members that are completely 
surrounded by fire, Θr may also be included in the gas temperature Θg around 
the member. 

For the side of separator members that are not exposed to fire, the net heat flux 
must be determined using the equation (A8.2.1) where αc = 4 [W/m2 K]. 

The factor for heat transference by convection must be αc = 9 [W/m2 K] where it is 
assumed to include the effects of heat transference by radiation. 

A8.2.3 Temperature of gases in the fire compartment. “Design fires” 

The temperatures of gases in the fire compartment Θg may be used as nominal 
temperature-time curves in accordance with A8.3, or according to the natural fire models 
given in A8.6 and A8.7. 

In addition to the standard curve in UNE-EN 1363, the external fire curve may also 
be used between the nominal temperature-time curves for characterise less severe fires 
that occur in external areas adjacent to the building, or to measure the effects of flames 
coming out of the windows on external members. It also includes a specific curve for 
characterising a fire in a pool of hydrocarbons. 

The real or natural fire models are those that have varying degrees of complexity 
and incorporate various physical parameters that are present in the development of a real 
fire; the simplified calculation models are based on specific physical parameters with 
limited scope. The advanced models must take account of the gas properties and the 
exchange of mass and energy. 

A8.3 Nominal temperature-time curves 

A8.3.1 Standard curve  

The standard temperature-time curve is given by: 

Θg = + 345 log10 (8t + 1) + 20 [ºC] (A8.3.1) 

where: 

Θg the gas temperature in the fire compartment [ºC]; 
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t  duration of the thermal exposure [min] 

The factor for heat transference by convection is: αc = 25 W/m2 K. 

A8.3.2 External fire curve  

The external fire curve is given by: 

Θg = 660 (1 – 0.687 e-0.32 t – 0.313 e –3.8 t ) + 20 	 [ºC] (A8.3.2) 

where: 


Θg the gas temperature near the member [ºC] 


t time duration [min]
 

The factor for heat transference by convection is: αc = 25 W/m2 K. 

A8.3.3 Hydrocarbon curve 

The temperature-time curve for hydrocarbons is given by: 

Θg = 1,080 (1 – 0.325 e-0.167 t – 0.675 e –2.5 t ) + 20	 [ºC] (A8.3.3) 

where: 


Θg gas temperature in the fire compartment;  [ºC] 


t time duration [min]
 

The factor for heat transference by convection is: αc = 50 W/m2 K. 

A8.4 Fire load 

The “fire load” should cover all combustible content of the building and all 
combustible construction members, including coatings and finishes. 

Fire loads may be determined: 

a) using a national fire load classification according to the type of activity.  

In this case, the following are found and added together:  

-	 the actual fire loads of the activity, as given in the classification;  

-	 the fire loads owing to the building (construction members, coatings and 
finishes) that are not usually included in the classification and which are 
determined in accordance with the following paragraphs, as applicable; 

b) 	 using an individual evaluation: fire loads and their locations must be evaluated, 
taking account of the anticipated use, furniture and facilities, changes over time, 
unfavourable tendencies and possible changes in activity that do not entail the 
preparation of a new design under the regulations in force. 
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A8.4.1 Fire load density. Design value 

The density of the fire load used in the various fire situations should be a design 
value based on measurements. 

The design value may be determined:  

-	 using a national design fire load density classification according to the type of 
activity; 

-	 in a simplified way, using the expression in this heading (A8.4.1), which takes 
account of the probability of activation and of the fire-safety measures using partial 
safety factors; 

-	 in a simplified way for a particular design, by studying the fire loads for each 
compartment, represented by their characteristic value, taking account of 
combustion conditions. The probability of activation, active fire-safety measures, 
evacuation conditions and performance of fire brigades, as well as all additional 
safety measures and the possible consequences of the fire, must be included using 
a general safety strategy.  

The factor γq given in Table A8.5.c, which takes account of the foreseeable 
consequences of the fire, may be included directly in the value of the design fire load 
determined using any of the three methods given above, where the verification procedure 
involved uses it explicitly, such as in the equivalent standard fire time, the parametric 
curves and the actual fire curves.  

The design value of fire load qf,d is defined by: 

qf,d = qf,k · m · δq1 · δq2 · δn [MJ/m2] 	 (A8.4.1) 

where: 

qf,k 	 characteristic fire load density  per floor area unit [MJ/m2] (see A8.4.2); 

δq1 partial factor that takes into consideration the fire activation risk starting 
due to the size of the compartment (see Table A8.4.1.a);  

δq2 Partial factor that takes into consideration the fire activation risk starting 
due to the type of occupancy (see Table A8.4.1.a);  
factor that takes into consideration the influence of different active fire- 
safety measures i (sprinklers, detection, automatic alarm transmission to 
fire brigade). Such active measures are generally imposed for safety 
considerations (see Table A8.4.2.b);  

m 	 combustion factor that takes combustion properties into consideration and 
represents the proportion of the combustible that burns in the fire, 
depending on the activity and the type of fire load. For a mixture of 
predominantly cellulose materials (wood, paper, fabrics, but not for the 
storage of cellulose), the combustion factor may be assumed as m = 0.8. 
In other cases of mixed materials, m = 1 may be used. In situations where 
the same material is stored, such as wood, cotton, rubber, gum, linoleum, 
plastics and artificial fibres, and in the absence of other data, the most 
unfavourable value, m = 1.4, may be used (low density of material on a 
large surface). 
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Table A8.4.1.a. Partial factors δq1 and δq2 

Floor area of sector 
Af [m2] 

Danger of 
activation δq1 

20 1.00 

25 1.10 

250 1.50 

2,500 1.90 

5,000 2.00 

>10,000 2.13 

Danger of activation 
δq2 

Types of building 
occupancy 

0.78 Art gallery, museum, 
swimming pool 

1.00 Home, office , 
residential, education 

1.25 Commercial, garages, 
hospitals, public 
audiences 

1.25 Sectors with low 
special  risk 

1.40 Sectors with medium 
special  risk 

1.60 Sectors with high 
special risk 

Table A8.4.1.b. Factors for δn,i 

δn,i Depending on active fire- safety measures 
Automatic 
extinguishing 

Automatic detection 

Automatic water 
extinguishing 
system 

Automatic fire  detection 
and alarm 

Automatic alarm transmission to 
fire brigade 

δn,1 

by  heat 
δn,2 

by smoke 
δn,2 δn,3 

0.61 0.87 0.87 

Applying Table A8.4.1.b requires verification that:  

-	 the requirements of European standards relating to sprinkler, detection and alarm 
installations are fulfilled; 

-	 any active or passive fire protection systems taken into consideration in the design 
are adequately maintained. 

A8.4.2 Density of characteristic fire load 

The density of the characteristic fire load qf,k per unit surface area is defined as: 

qf,k = Qfi,k / A [MJ/m2] (A8.4.2) 

where: 

Qfi,k characteristic fire load;  

A is either the floor area (Af) of the fire compartment or reference space, or the total 
internal area of the envelope (At), resulting in qf,k or qt,k respectively. 

The characteristic fire load is defined as: 

Qfi,k = Σ Mk,i · Hui · Ψi = Σ Qfi,k,i [MJ] (A8.4.3) 
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where: 


Mk,I mass of combustible material [kg]; 


Hui net calorific value [MJ/kg];  


[Ψi] optional factor that allows adequately protected fire loads to be reduced in
 
accordance with A8.5.3.  

In order to estimate the quantity of combustible material, a distinction should be 
made between:  

-	 permanent fire loads that are not expected  to vary throughout the working lifet of a 
structure, and which must be considered as equal to the values obtained from a 
subsequent sample, if feasible, or, failing that, they must be considered as equal to 
nominal values based on the construction members in the design; 

-	 variable fire loads that are likely to change during the working life of the structure, 
and for the values of which statistical estimates must be used. These values must 
not be exceeded 80 % of the time. 

A8.4.3 Protected fire loads  

It is not necessary to consider fire loads located within containers that are designed 
to resist exposure to fire. 

Fire loads located within non-combustible containers that are not specifically 
designed to resist exposure to fire but remain intact during the fire may be taken into 
consideration as follows: 

-	 for a fire load at least equal to or greater than 10 % of all protected fire loads, a 
factor of Ψi = 1.0 shall apply; 

-	 if this fire load plus unprotected fire loads are not sufficient to heat the remaining fire 
loads above their ignition temperatures, then a factor of Ψi = 0 may be applied to the 
other protected fire loads;  

-	 in other cases, the value of the factor Ψi must be determined individually. 

A8.4.4 Net calorific values 

The net calorific value of the materials should be determined in accordance with 
UNE-EN ISO 1716:2002. 

The moisture content of the materials may be taken into consideration as follows: 

Hu = Hu0 (1 – 0.01 u) – 0.025 u [MJ/kg] (A8.4.4) 

where: 

u moisture, as a percentage of weight in dry state;  

Hu0 net calorific value of the dry material. 

Table A8.4.4 includes the net calorific value of certain solids, liquids and gases. 
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Table A8.4.4 – Recommended net calorific value Hu [MJ/kg] of combustible materials for 
calculations fire loads 

Solids 
Wood 17.5 
Other cellulosic  materials 
* Fabric 
* Cork 
* Cotton 
* Paper, cardboard 
* Silk 
* Straw 
* Wool 

20 

Carbon 
* Anthracite 
* Coal 
* Charcoal 

30 

Chemical products 
Paraffin series 
* Methane 
* Ethane 
* Propane 
* Butane 

50 

Olefin series 
* Ethylene 
* Propylene 
* Butane 

45 

Aromatic series 
* Benzene 
* Toluene 

40 

Alcohols 
* Methanol 
* Ethanol 
* Ethyl alcohol 

30 

Combustibles 
* Gasoline, petroleum 
* Diesel 

45 

Plastic hydrocarbons 
* Polyethylene  
* Polystyrene  
* Polypropylene  

40 

Other products 
ABS (plastic) 35 
Polyester (plastic) 30 
Polyisocyanurate and polyurethane (plastic) 25 
Polyvinyl chloride, PVC (plastic) 20 
Bitumen, asphalt 40 
Leather 20 
Linoleum 20 
Tyre 30 
NOTE: The values in this table do not apply when calculating the energy content of 
combustibles.  
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A8.4.5 Classification of fire loads density according to activity type 

The densities of variable fire loads for various buildings, which are classified 
according to their activity in accordance with Table A8.4.5, refer to the floor area in each 
sector and should be used as characteristic fire load densities qf,k [MJ/m2]. 

Table A8.4.5 – Densities for fire load qf,k [MJ/m2] for different  occupancies activities 

Activity 80 % fractile 
Home 650 
Hospital (living quarters) 280 
Hotel (living quarters) 280 
Library 1 824 
Office 520 
School hall 350 
Shopping centre  730 
Theatre (cinema) 365 
Transport (public space) 122 
Garage 280 

Fire loads from Table A8.4.5 are valid for normal enclosures for the activities shown; 
i.e. areas where there is no accumulation of fire loads greater than those for the intended 
use where there is considered to be a mixture of predominantly cellulose materials (given 
with a combustion factor of m = 0.8). Enclosures dedicated to other activities that do not 
appear in the table, such as special areas for storage, industrial activities, etc. are 
considered in accordance with A8.4.2. 

Fire loads caused by the building (construction members, coatings and finishes) 
must be determined in accordance with A8.4.2 and must be added to the fire load 
densities in Table A8.4.5.  

On the other hand, mean fire load values for various activities and commercial and 
storage uses may be found in the RSCIEI. Multiplying these mean values by 1.6 gives the 
characteristic fire load value qf,k for inclusion in the calculations referred to in this Annex.  

A8.4.6 Variation curves for the rate of heat release in a fire  

Control by fuel 
(Eurocode 1) 

Control by ventilation 

Decreasing phase 

70 % of the fire load already consumed 

Raising phase 

Time 

Figure A8.4.6. Design RHR curve of rate of heat generation. The abscissas represent the 
time t in seconds and the ordinates represent the rate of heat Q (also called RHR) in W 

(J/s). 
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The curve in the Figure, which represents the rate of heat generation in a fire over 
time, distinguishes between three phases: growth, steady and cooling. 

The rate of heat release (Q in W) in the raising phase may be defined by the 
expression: 

(A8.4.6) 

where: 

t time duration in [s]; 

tα is considered to be constant for each case, and represents the time needed to 
achieve heat release rate of 1 MW. Its value for fires in sectors dedicated to different 
activities appears in Table A8.4.6.  

The curve for the raising phase is limited by a horizontal line corresponding to the 
plateau phase, with a maximum value of Q, given by:  
Qmax = RHRf Afi 

where: 

Afi 	 area of the fire compartment [m2] if the fire load is evenly distributed, although it 
may be smaller in the case of a localised fire; 

RHRf 	maximum rate of heat generation in 1 m2 of fire, in the case of a fire controlled by 
the fuel [kW/m2] (see Table A8.4.6). 

The horizontal line, which represents the plateau state, is limited by the decreasing 
phase. It may be assumed that the latter is a linear decrease that starts when 70 % of the 
fire load has been consumed and finishes when the fire load has been completely 
consumed. 

If the fire is controlled by ventilation, the level of the horizontal line for the plateau 
state must be reduced depending on the quantity of oxygen available, using a computer 
program based on a model for an area, or using the following approximate expression: 

0,10 = 0.10 [MW] (A8.4.7) 

where: 


Av area of the openings [m2]; 


heq mean height of the openings [m]; 


Hu net calorific value of the wood, equal to 17.5 MJ/kg; 


m Combustion factor, taken as being equal to 0.8. 
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Where the maximum value for heat generation speed is reduced according to the 
above formula, similarly to a fire controlled by ventilation, the plateau phase must be 
extended so as to correspond to the energy available, given by the fire load.  

Table A8.4.6 – Area of fire progress and RHRf for different activities 

Maximum  rate of heat generation RHRf 

Activity Rate of fire progress tα [s] RHRf [kW/m2] 
Home Medium 300 250 
Hospital (living quarters) Medium 300 250 
Hotel (living quarters) Medium 300 250 
Library Fast 150 500 
Office Medium 300 250 
School hall Medium 300 250 
Shopping centre  Fast 150 250 
Theatre (cinema) Fast 150 500 
Transport (public space) Slow 600 250 

The values of the factor for rate of fire progress and RHRf given in Table A8.4.6 are 
valid when the factor δq2 is equal to 1.0 (see Table A8.4.1.a). 

For a very fast-spreading fire, t corresponds to the value of 75s. 

A8.5 Equivalent fire exposure time 

The formula given under this heading depends on the structural material. It does not 
apply to composite steel and concrete structures, or to wooden structures. It may be used 
where the design of the members is based on the standard fire exposure. 

The equivalent standard fire exposure time is defined by: 

[min] (A8.5.1) 


where: 


qfd density of design fire load according to A8.4 [MJ/m2]; 


kb conversion factor relating to the thermal properties of the materials that form the 

boundary of the fire enclosure; 

wf ventilation factor defined below (non-dimensional); 

kc correction factor depending on the material that makes up the structure, according 
to Table A8.5.a. 

Table A8.5.a – correction factor kc corresponding to various structural materials (O 
is the factor for openings defined in A8.6.1). 

Section material Correction factor kc 

Reinforced concrete 1.0 
Protected steel 1.0 
Unprotected steel 13.7 O 
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Where no detailed evaluation is performed on the thermal properties of the contour, 
the conversion factor kb may be taken as: 

kb = 0.07 [min· m2/MJ]  (A8.5.2) 

To give greater precision, kb may be fixed depending on the thermal properties of 

the contour  according to Table A8.5.b. 

In order to determine b and in the case of materials arranged into various layers, or 
for walls, floors or ceilings made of different materials, see Table A8.5.b. 

Table A8.5.b. Conversion factor kb depending on the thermal properties of the boundary 

[J/m2s1/2 K] 

kb 

[min · m2/MJ] 

b > 2,500 0.04 
720 ≤ b ≤ 2,500 0.055 

b < 720 0.07 

The ventilation factor may be calculated as: 

wf = ( 6.0 / H )0.3 [0.62 + 90 ( 0.4 - v )
4 / (1 + bv u )] ≥ 0.5 (A8.5.3) 

where: 

v = Av/Af relationship between the area of vertical openings in the facade (Av) and 
the floor area in the fire compartment (Af), which must adhere to the limits 
0.025 ≤ v ≤ 0.25; 

h = Ah/Af relationship between the area of horizontal openings in the roof (Ah) and the 
floor area in the fire compartment (Af); 

bv = 12.5 ( 1 + 10 v - v
2 ) ≥ 10.0; 

H height of the fire compartment [m]. 

For small fire compartments (Af < 100 m2) without any openings in the roof, the 
factor wf may also be calculated as: 

wf = O-1/2 · Af / At where: 

O factor for openings in accordance with A8.6.1. 

The standard fire time to be adopted for the “simplified” verification procedures in 
Chapter XII of this Code is:
 

t = tfi,requ = tfi.nom, or tfi,requ = minimum (tfi,nom, q  te,d) where paragraph b) in A8.2.1 applies,
 
and where: 


q partial safety factor that takes account of the foreseeable consequences of 
the fire in accordance with Table A8.5.c, which, if not included in the design 
value for the density of the fire load obtained in accordance with (A8.4.1), 
must be included at this point. 
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The two formulae for the standard fire safety test discussed in Section 46 of this 
Code (direct load test or temperature test, under the conditions discussed there) obviously 
allow for a third alternative formula (equivalent fire time test), as follows: 

tfi,requ < tfi,d 

where: 

tfid	 standard design fire resistance value of members, or duration for the same 
to reach the resistance limit state for the structural members, Efi,d/Rfi,d,t = 1, 
in accordance with Chapter XII of this Code relating to design in a fire 
situation. 

Table A8.5.c Values of q for possible consequences of fire, in accordance with the 
evacuation height of the building. 

Evacuation height q 

Buildings with a downward evacuation height of more than 28 m or ascending 
evacuation height of more than one storey  

2.0 

Buildings with a downward evacuation height of between 15 and 28 m or ascending 
evacuation height up to 2.8 m. Garages under other uses 

1.5 

Buildings with a downward evacuation height of less than 15 m 1.0 

In the case of buildings that are not permitted to remain out of service or where 
there may be a large number of victims in the event of a fire, such as hospitals, the values 
given must be multiplied by 1.5.  

A8.6 Simplified calculation models 

There are two types: 

a) 	 “compartment fires”, which are assumed to achieve uniform temperature distribution, 
depending on time, in the fire compartment. Gas temperatures in the enclosure must 
be determined depending on appropriate physical parameters, considering at least 
the density of the fire load and the ventilation conditions. For members inside the 
compartments, a method for calculating the gas temperature in the enclosure is 
given in A8.6.1. 

For external members, the radiation component for heat flux should be calculated as 
the sum of total input in the fire compartment and the flames that come out through 
the openings;  

b) 	 “localised fires”, where it is unlikely that there will be sudden, generalised 
inflammation (flashover) of the materials accumulated in the fire compartment. 
These fire models assume non-uniform temperature distribution. A8.6.2 gives a 
method for calculating thermal actions for localised fires. A8.4.6 gives a method for 
calculating the heat release speed Q. 

Where these simplified fire models are used, αc = 35 [W/m2 K] must be used as the 
factor for heat transference by convection. 
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A8.6.1 Parametric temperature-time curves 

The following temperature-time curves are valid for fire compartments with a 
constructed surface of not more than 500 m2, without openings in the cover and with a 
maximum height of 4 m. It assumes complete combustion of the whole fire load. 

If, in applying the procedure set out under this heading, the design value for the 
density of the fire load qf,d obtained according to (A8.4.1) is applied, and no account has 
been taken of the consequences of the building’s collapse, either in such application or 
using other procedures, then this value must be multiplied by the partial safety factor γq 

given in Table A8.5.c. 

Temperature of gases in the compartment 

The temperature-time curves for the heating phase are defined by: 

0,324 = 0.324; 0,204 = 0.204, etc. (A8.6.1) 


where: 


Θg Temperature of gases in the fire compartment  [ºC] 


t * = t · Ã [h] (A8.6.2) 


with: 


t fire time duration [h] 


Ã = [O/b]2 / (0.04 / 1,160)2 [-] 


b 	 = 
with the following limits: 100 ≤ b ≤ 2,200  [J/m2 s1/2 K] 

ρ	 density of construction members that form the internal  boundary  of the fire sector 
[kg/m3]; 

specific heat of  members of the fire sector envelope
 
[J/kg K]; 


λ	 thermal conductivity of the boundary members in the fire sector [W/m K]; 

[m1/2]O 	 factor for openings: 

with the following limits: 0.02 ≤ O ≤ 0.20 

Av total area of vertical openings on all perimeter walls in the sector [m2]; 

heq weighted mean height of openings on all walls [m]; 

At total envelope areas (walls, ceiling  and floor, including openings) [m2]. 
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The values at atmospheric temperature for density ρ, specific heat c and thermal 
conductivity λ of the corresponding members may be used to calculate the factor b. 

If Ã = 1, the equation (A8.6.1) will approximate the standard temperature-time curve. 

For an enclosure with various layers of materials, the parameter b =  must 
be included as follows: 

-	 if b1 < b2, b = b1 (A8.6.3) 

-	 if b1 > b2, a thickness limit of slim is calculated for the exposed material, in 
accordance with: 

with tmax given by the equation (A.6.6.7) [m] (A8.6.4) 

if s1 > slim then b = b1 (A8.6.4a) 

if s1 < slim then 	 (A8.6.4b) 

Index 1 is assigned to the layer that is directly exposed to the fire, index 2 to the 
next layer, etc. 

si thickness of layer i; 

bi = 

ρi density of the same layer; 
ci its specific heat;  
λi its thermal conductivity. 

The average of different factors b =  of walls, ceilings and floors must be 
found as follows: 

b = (Σ (bj Aj ) ) / (At – Av) 	 (A8.6.5) 

where: 


Aj area of enclosure member j, excluding openings;  


bj thermal property of member j according to equations (A8.6.3) and (A8.6.4).  


Time necessary for gases to reach maximum temperature 

The maximum temperature Θmax in the heating phase is achieved for t * = t *max given 
by: 

t * max = tmax · Ã 	 [h] (A8.6.6) 
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with tmax = max [(0.2 · 10-3 · qt,d / O); tlim ] [h] 	 (A8.6.7) 

where: 

qt,d	 design value of the fire load density with reference to the total area At of the 
boundary for the sector qt,d = qf,d · Af / At [MJ/m2]. The following limits must be 
observed: 50 ≤ qtd ≤ 1,000 [MJ/m2]; 

qf,d	 design value of the fire load density with reference to the floor  area  of the 
compartment  Af [MJ/m2], multiplied by the factor γq if calculated with (A8.4.1);  

tlim 	 in [h]. For slow-spreading fires, tlim = 25 min; for medium-spreading fires, tlim= 20 min 
and for fast-spreading fires, tlim = 15 min. For more details on fire progress area, see 
A8.4.6. 

If tlmax is given by (0.2 · 10-3 · qt,d / O), the fire is controlled by ventilation. 

Where the fire is controlled by the fuel, and the time tmax corresponding to the 
maximum temperature is given by tlim, tmax = tlim, the variable t * in equation (A8.6.1) is 
replaced by: 

t * = t · Ãlim [h]	 (A8.6.2b) 

with: Ãlim = [Olim / b]2 / (0.04 / 1,160)2	 (A8.6.8) 

where: Olim = 0.1 · 10 -3 qt,d / tlim (A8.6.9) 

If (O > 0.04 and qt,d < 75 y b < 1,160), Ãlim in (A8.6.8) must be multiplied by k, given 
by: 

0,04 = 0.04 (A8.6.10) 

Cooling phase 

The temperature-time curves for the decreasing phase are given by: 

Θg = Θmax – 625 (t * – t * max · x) for t* max ≤ 0.5 (A8.6.11a) 

Θg = Θmax – 250 (3 – t * max · x) (t * – t * max · x) for 0.5 < t* max < 2 (A8.6.11b) 

Θg = Θmax – 250 (t * – t * max · x) for t* max ≥ 2 (A8.6.11c) 

where: t * is given by (A8.6.2a). 

t * max = (0.2 · 10 -3 · qt,d / O) · Ã (A8.6.12) 

x = 1.0 if tmax > tlim , or x = tlim · Ã / t * max if tmax = tlim 
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A8.6.2 Localised fires 

The thermal action of a localised fire on a structural member must be calculated 
using the expression (A8.2.1), based on a form factor Φ that takes account of the effects 
of position and shade. This factor measures the proportion of total heat emitted through 
radiation by a radiating surface and arriving at a given receiver surface. Where there are 
no specific data for the calculation, the value of 1, which is the upper limit, may be 
adopted. 

The heat flux of a localised fire on horizontal structural members located above the 
fire may be determined using the method found under this heading. The given rules are 
valid if they fulfil the following conditions: 

- the diameter of the fire is limited by D ≤ 10 m; 

- the rate of the fire’s heat release is limited by Q ≤ 50 MW. 

Two different cases are set out, depending on the relative height of the flames in 
relation to the ceiling: 

a)  flames not impacting the ceiling as defined in Figure A8.6.1; 

b)  flames impacting the ceiling in accordance with Figure A8.6.2.a. 

Flame axis 

Figure A8.6.2.a.Flames not impacting the ceiling
 

Flames length Lf in a localised fire is given by: 


Lf = -1.02 D + 0.0148 Q2/5 [m] (A8.6.13) 

where: 


D “fire diameter” [m] given in Figure A8.6.1; 


Q rate of heat release [W] from the fire in accordance with A8.4.6;  


H distance [m] between fire source and ceiling.
 

Case a) (see Figure A8.6.2.a): where the flames do not reach the ceiling of the fire 
compartment (Lf < H), or in the case of an outdoor fire, the following is calculated: 

the temperature Θ(z) of the plume throughout its vertical axis of symmetry, which is 
given by: 
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Θ(z) = 20 + 0.25 Qc
2/3 (z – z0)

–5/3 ≤ 900 [ºC] (A8.6.14) 


where: 


Qc convective part of the rate of heat release [W],  with by default, Qc = 0.8 Q;
 

z  height [m] along the flame axis;  


z0 virtual origin of the axis, given by: 


z0 = - 1.02 D + 0.00524 Q2/5 [m] (A8.6.15) 

Flame axis 

Figure A8.6.2.b. Flames impacting the ceiling 

Case b) (see Figure A8.6.2.b): where the flames impacting the ceiling (Lf ≥ H), the 
following is calculated:  

the heat flux [W/m2] received by radiation in the unit surface area exposed to fire 
at the level of ceiling, given by the three expressions, depending on the value of the 
parameter y: 

= 100,000 if y ≤ 0.30 

= 136,000-121,000 y if 0.30 < y < 1.0  (A8.6.16) 

= 15,000 y-3.7 if y ≥ 1.0 

where: 


r horizontal distance [m] between the vertical axis of the fire and the point  along the
 
ceiling for which the heat flux  is calculated; 

H distance [m] between fire source and ceiling; 

Lh horizontal length of the flames, given by the following ratio: 

Lh = (2.9 H ( QH 
* ) 0.33 ) – H [m] (A8.6.17) 
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QH
* non-dimensional rate of heat release, given by:  
*	 · H 2.5)QH = Q / (1.11 · 10 6	 [-] (A8.6.18) 

z´ vertical position of the virtual  heat source  [m] and given by: 
* 2/5 z´= 2.4 D (QD – QD

* 2/3 ) when QD
* < 1.0 	 (A8.6.19) 

z´= 2.4 D (1.0 - QD
* 2/5 ) when QD

* ≥ 1.0 
*	 · D 2.5)where: QD = Q / (1.11 · 10 6	 [-] (A8.6.20) 

Thermal action, represented by the net heat flux net received by the unit surface 
area of the member exposed to fire at level of the ceiling is given by: 

where the various coefficients depend on the expressions (A8.2.2), (A8.2.3) and 
(A8.6.16). 

In order to obtain the various heat flows 1, 2, etc. received by the surface unit 
exposed to fire at the level of the ceiling in the event that there are several separate 
localised fires, expression (A8.6.16) may be used. The following may be taken for the total 
heat flux: 

[W/m2] (A8.6.21) 

100.000 = 100 000 	 [W/m2] (A8.6.22) 

A8.7 Advanced calculation models  

Except where more detailed information is available, αc = 35 [W/m2 K] should be 
used as the factor for heat transference by convection. 

A8.7.1  One-zone model 

A model shall be applied to an area in situations following sudden, generalised 
inflammation (flashover). The temperature, density, internal energy and air pressure are 
assumed to be homogeneous in the fire compartment under consideration.  

The temperature may be calculated taking into account: 

-	 the solutions to mass and energy conservation equations; 

-	 the exchange of mass between the internal gas, the external air (through the 
openings) and the fire (pyrolysis speed);  

-	 the exchange of energy between the fire, the internal gas, the walls and the 
openings. 

The ideal gas law to be considered is as follows: 

Pint = ρg R Tg [N/m2] (A8.7.1) 

The balance of mass of gases in the compartment is expressed as: 
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 [kg/s] (A8.7.2) 

where: 

loss of mass of gas in the compartment over the unit of time; 


mass of gas exiting through the openings over the unit of time;
 

mass of air entering through the openings over the unit of time; 

mass of products generated by pyrolysis over the unit of time. 

The loss of mass of gas and the mass of products generated by pyrolysis may be 
disregarded. Thus: 

(A8.7.3) 

These mass flows may be calculated using the static pressure owing to the 
difference in air density at atmospheric temperature and at high temperature.  

The energy balance of the gases in the fire compartment may be considered as:

 [W] (A8.7.4) 

where: 

Eg 

Q 

internal energy of the gas;  

rate of heat release from the fire; 

[J] 

[W] 

Qout = 

Qin = 

Qwall 

Qrad 

where: 

c 

= (At – Ah,v) , loss of energy by boundary surfaces; 

= Ah,v or Tf 
4, loss of energy by radiation through the openings;  

specific heat [J/kgK]; 

given by the expression (A8.2.1);  

T 

rate of variation in gas mass [kg/s]; 

Temperature [K]. 
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A8.7.2 Two-zone models 

A two-zone model is based on a hypothesis according to which the combustion 
products accumulate in a layer below the ceiling, with a horizontal surface of separation. 
There are different areas: the top layer, the bottom layer, the fire and its plume, the 
external air and the walls. 

In the top layer, the gas properties may be assumed to be uniform.  

The exchange of mass, energy and chemical substance may be calculated between 
these surfaces. 

In a given compartment with an uniformly distributed fire load, a two zone model 
may be converted into a one-zone model, where there is one of the following situations:  

- if the gas temperature in the top layer exceeds 500 ºC;  

- if the height of the top layer increases to exceed 80 % of the compartment height. 

A8.7.3 Computer models for fluid dynamics 

A computer model for fluid dynamics may be used to solve the equations digitally in 
partial derivatives, given the thermodynamic and aerodynamic variables for all points of 
the compartment. These equations are the mathematical expression of the conservation 
laws of physics: 

-	 fluid mass is conserved; 
-	 the variation in the quantity of movement of each fluid particle is equal to the sum of the 

forces exercised on it (Newton’s second law);  
-	 the variation in energy is equal to the sum of the heating rate and the work rate on 

each fluid particle (first law of thermodynamics). 
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Annex 9: Direct joints for hollow sections 

Mode Axial loading Bending moment 

a 

b 

c 

d 

e 
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Figure A-9-1: Failure modes for joints between CHS members  

Mode Axial loading Bending moment 

a 

b 

c 

d 
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Figure A-9-2: Failure modes for joints between RHS brace member and RHS chord 
members 

Mode Axial Bending moment 

a - -

b 

c 
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d - -
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Figure A-9-3: Failure modes for joints between CHS or RHS brace members and I or H Kg 
section chord members 

joints with overlap Gap type joints 

(q=-g)

1,0 = 1.0; 1,5 = 1.5, etc. 

Figure A-9-4: Values of the factor k for use in Table A-9-1 
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Table A-9-1: Design axial resistance of welded joints between CHS brace 
members and CHS chords  

Chord face failure - T and Y joints 

5 
2 

1 

2 
00 

0.2 

1, ) /14.2(2.8 
sin M 

yp 
Rd 

tfk 
N 

 

 
 

Chord face failure - X joints 

5 
1 

2 
00 

0.2 

1, /
)0.81(1 

5.2 

sin M 
yp 

Rd 

tfk 
N 

 

 
 

 

Chord face failure - K and N gap or overlap 
joints 

RdRd 

M 
ypg 

Rd 

NN 

d 

dtfk k 
N 

1, 
2 

1 
2, 

5 
0 

1 

1 

2 
00 

1, 

sin 

sin 

/10.21.8 
sin 

 
 


 

 

 
 

 
 
 

 
 

Failure by punching - K, N and KT joints   , and all T, Y and X joints 

[i = 1, 2 or 3] 

When di ≤ d0 − 2t0 : 520 
0 

, /
2sin 

sin1 

3 
M 

i 

i 
i 

y 
i Rd dt 

f
N 

 
 


 

kg y kp factors 

 
 

 
 
 

 
 

 
1.33)/exp(0.51 

0.024
1 

0 

1,2 
0.2 

tg 
kg 

 (see Figure A-9-4) 

For np > 0 (compression): kp = 1 – 0.3 np (1 + np ) but kp ≤ 1.0 

For np > 0 (tension ): kp = 1.0 
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Table A-9-2: Design axial resistance of welded joints connecting gusset plates 
to CHS members  

Chord face failure 

N1,Rd = kpfy0t0 
2(4+20β2)/γM5 

Mip,1,Rd =0 

Mop,1,Rd = 0.5 b1N1,Rd 

5 

2 
00 

1, /
0.811 

5 
M 

yp 
rd 

tfk 
N 

 
 

Mip,1,Rd =0 

Mop,1,Rd = 0.5 b1N1,Rd 

N1,Rd = 5kp fy0 t0 
2 (1+0.25η)/γM5 

Mip,1,Rd = h1 N1,Rd 

Mop,1,Rd = 0 

N1,Rd = 5kp fy0 t0 
2 (1+0.25η)/γM5 

Mip,1,Rd = h1 N1,Rd 

Mop,1,Rd = 0

 punching shear failure 

σmaxt1 =( NEd,1 / A1+MEd,1/Wel,1)t1 ≤2t0(fy0 / 3 / γM5 

Validity range Factor kp 

In addition to the limits given in Table 64.6.1: 

β ≥ 0.4 y η ≤ 4 

where β = b1 /d0 and η = h1 /d0 

For np > 0 (compression): 

kp = 1 – 0.3 np (1 + np) but kp ≤ 1.0 

For np ≤ 0 (tension ): kp = 1.0 
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Table A-9-3: Design resistance of welded joints connecting I, H or RHS 
sections CHS members 

Chord face failure 

N1,Rd = kpfy0t0 
2(4+20β2)(1+0.25η)/γM5 

Mip,1,Rd = h1 N1,Rd /(1+0.25η) 

Mop,1,Rd = 0.5 b1N1,Rd 

5 

2 
0 0 

1, 0.25 ) /(1
0.811 

5 
M 

yp 
rd 

tfk
N 

 
 

 
 

Mip,1,Rd = h1 N1,Rd /(1+0.25η) 

Mop,1,Rd = 0.5 b1N1,Rd 

N1,Rd = kp fy0 t0 
2 (4+20β2)(1+0.25η)/γM5 

Mip,1,Rd = h1 N1,Rd 

Mop,1,Rd = 0.5 b1N1,Rd 

5 

2 
0 0 

1, 0.25 ) /(1
0.811 

5 
M 

yp 
rd 

tfk
N 

 
 

 
 

Mip,1,Rd = h1 N1,Rd 

Mop,1,Rd = 0.5 b1N1,Rd 

Shear failure by punching 

I or H sections  with η > 2 (for axial compression load and moments outside the plane) and RHS 
sections: 

σmaxt1 =( NEd,1 / A1+MEd,1/Wel,1)t1 ≤ t0(fy0 / 3 / γM5 

σmaxt1 =( NEd,1 / A1+MEd,1/Wel,1)t1 ≤ 2t0(fy0 / 3 / γM5 

where t1 is the thickness of the flange on the transverse I or H beam, or of the hollow section. 

Validity range Factor kp 

In addition to the limits given in Table 64.6.1: 

β ≥ 0.4 y η ≤ 4 

where β = b1 /d0 and η = h1 /d0 

For np > 0 (compression): 

kp = 1 – 0.3 np (1 + np) but 

kp ≤ 1.0 

For np ≤ 0 (traction): kp = 1.0 
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Table A-9-4: Design resistance moments of welded joints between CHS 
members and CHS chords 

Chord face failure - T, X and Y joints 

1 

1 
2 
00 

,1, /
sin 

4.85 p 
y 

Rdip k
t df

M  


 5M 

Chord face failure - K, N, T, X and Y joints 

1 

1 
2 
00 

,1, /
0.811 

2.7 

sin p 
y 

Rdop k 
t df 

M 
  

 5M 

Punching shear failure  – K and N gap joints , and T, X and Y joints 

Where d1 ≤ d0 − 2t0: 

5 
1 

2 
1 

2 
10 0 

,1, /
4sin 

3sin1 

3 
M 

y 
Rdip 

t df
M 

 


 

5 
1 

2 
1 

2 
10 0 

,1, /
4sin 

sin3 

3 
M 

y 
Rdop 

t df
M 

 


 

kp factor 

For np > 0 (compression): kp = 1 − 0.3 np (1 + np ) but kp ≤ 1.0 

For np ≤ 0 (tension : kp = 1.0 
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Table A-9-5: Design criteria for special types of welded joints between CHS 
and CHS 

Joint type Design criteria  

Forces may be either tension or compression, 
but should act in the same direction  both members 

. 

N1,Ed ≤ N1,Rd 

where N1,Rd is the value of N1,Rd for an X joint 
from in h Table A-9-1.  

Members 1 and 3 here are in compression, N1,Ed sin θ1 + N3,Ed sin θ3 ≤ N1,Rd sin θ1 

and diagonal 2 here is in tension . N2,Ed sin θ2 ≤ N1,Rd sin θ1 

where N1,Rd is the value of N1,Rd for a K joint 

from ith Table A-9-1 but with 
0 

1 

d 

d
 replaced 

by: 
0 

321 

3d 

ddd  

All the diagonals must always be in either 
compression or traction. 

N1,Ed sin θ1 + N2,Ed sin θ2 ≤ Nx,Rd sin θx 

where Nx,Rd is the value of Nx,Rd for an X joint 
from  Table A-9-1, where Nx,Rd sin θx is the : 

│N1,Rd sin θ1│ and │N2,Rd sin θ2│ 

Diagonal 1 is always in compression, and Ni,Ed ≤ Ni,Rd  

diagonal 2 is always in tension where N1,Rd is the value of N1,Rd for a K joint 
in accordance with Table A-9-1. In gap types 
at section 1-1the chord also fulfil: 

1.0 

2 

,0, 

0, 

2 

,0, 

0, 


 



 




 



 

Rdpl 

Ed 

Rdpl 

Ed 

V 

V 

N 

N 
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Table A-9-6: Reduction factors for joints 

Joint type Reduction factor μ 

TT joint 60° ≤ φ ≤ 90° 

l Member1 may be in either  or compression. μ = 1.0 

XX joint 

Member 1 and 2 may be in either tension or 
compression. N2,Ed/N1,Ed is negative if one member is 
in tension and the other is in compression. 

μ = 1+0.33N2,Ed / N1,Ed 

taking account of the sign of N1,Ed 

and N2,Ed 

where: │N2,Ed│ ≤ │N1,Ed│ 

KK joint 60° ≤ φ ≤ 90° 

Member 1 is always in compression, and 
diagonal 2 is always in tension . 

μ = 0.9 

Provided that, in a gap s-type joint 
1-1 section the chord satisfies :  

1.0 

2 

,0, 

0, 

2 

,0, 

0, 


 



 




 



 

Rdpl 

Ed 

Rdpl 

Ed 

V 

V 

N 

N 
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Table A-9-7: Design axial resistance of welded joints between square or 
circular hollow sections 

Joint type Design resistance [i = 1 or 2, j = overlapped 
brace member ] 

T, Y and X joints Chord face failure   β ≤ 0.85 

5 
11 

2 
0 

1, /4 1 
sin 

2 

) sin(1 M 
yn 

Rd 

k f t
N 

 
 

  
 

 
 
 

 



 

K and N gap joints Chord face failure   β ≤ 1.0 

5 
0 

21 

1 

2 
00 

0.5 

1, /
2sin 

8.9 
M 

yn 
Rd b 

bbtk f
N 

 

 
 
 

 
 
 

 
 

K and N overlap joints *) Brace failure  25 % ≤ λov < 50 % 
Diagonal i or diagonal j may be in either 
tension or compression, but one must be in 
tension and the other compression. 

5,, /4 
50 

2 Mi 
ov 

ie oveffyi ii Rd thbbf tN  
 
 


 
 
  

Brace failure 50 % ≤ λov < 80 % 

  5,, /42 Miie oveffyi ii Rd thbbtfN  

Brace failure λov ≥ 80 % 

  5,, /42 Miie oviyi ii Rd thbbtfN  

Parameters beff , be,ov and kn 

but beff ≤ bi 

For n > 0 (compression):  

kn =1.3 -
 

0.4n

 but kn ≤ 1.0 
For n ≤ 0 (): kn = 1.0 

but be,ov ≤ bi 

For for circular braces s, the resistances above are multiplied by π/4, replacing b1 and h1 with d1 and 
b2, and h2 with d2 . 
*)  only the overlapping member I needs be checked. The brace efficiency (i.e. the design resistance of the 
joint divided by the plastic design resistance of the brace member) of the overlappedbrace member j should 
be taken as equal to that of the overlapping brace member. See also Table 64.7.1 in the body of the Code. 
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Table A-9-8: Design resistance of welded T, X and Y joints between RHS or 
CHS braces and RHS 

Joint type Design resistance 

Chord face failure β ≤ 0.85 

  5 
11 

2 
0 0 

1, /4 1 
sin 

2 

sin1 M 
yn 

Rd 

tk f
N 

 
 

  
 

 
 
 

 



 

Chord side wall Buckling e1) β = 1.02) 

50 
1 

1 

1 

0 
1, /10

sin 

2 

sin M 
bn 

Rd t
hk f t

N 
  

 

 
 
 

 
 

Brace failure  β ≥ 0.85 

  5111 11, /242 MeffyRd bthtfN  

Punching shear 0.85 ≤ β ≤ (1 - 1/γ) 

5, 
1 

1 

1 

0 0 
1, /2 

sin 

2 

3 sin 
Me p 

y 
Rd b

htf
N 

  
 

 
 
 

 
 

1) For X joints with cosθ1 > h1/h0, the seam’s resistance to shearing force is also tested in accordance with 
Table A-9-9, taking the smaller of this or the above as the design resistance of the joint. 
2) For 0.85 ≤ β ≤ 1.0 use a linear interpolation between the value for chord face  with β = 0.85 and the 
governing  value  for chord side wall at failure β = 1.0 (side wall buckling or chord shear ).  

For for circular braces, the resistances above are multiplied by π/4, replacing b1 and h1 with d1 and b2, 
and h2 with d2 . 

For tension : 

fb = fy0 

For compression: 

fb = χ fy0 (T and Y joints) 

fb = 0,8 χ fy0 sin θ1 (X joints) 

where χ is the reduction factor for flexural buckling 
caused by bending using the corresponding buckling 
curve and a normalized slenderness λ determined 

from 

0 

10 

0 

sin 

1
2 

3.46 

yf 

E 

t 

h 

 


 

 
 

 
 
 

 
 

 

1 
1 1 

0 0 

00 / 

10 
b 

tf 

tf 

tb
b 

y 

y 
eff   but b1beff  

1 
00 

, / 

10 
b 

tb
be p   but ie p bb  , 

For n > 0 (compression):  

kn =1.3 -
 

0.4n

 but kn ≤ 1.0 

For n ≤ 0 (): kn = 1.0 
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Table A-9-9: Design resistance of welded K and N joints between RHS or CHS 
braces and RHS chords 

Joint type Design resistance [i = 1 or 2] 

K and N joints with separation Chord face failure  

5 
0 

2121 

2 
00 

, /
4sin 

8.9 
M 

i 

yn 
i Rd b 

hhbbtk f
N 

  
 

 
 
 

 
 

Brace 

5 
0 

, /
3 sin 

M 

i 

vy 
i Rd 

Af
N  

 
 

   2 
,0000, //1 pl RdEdyvyvRd VVA ffAAN  

 
 
  

Brace failure   

5, ) /4(2 Meffiiiyi ii Rd bbthtfN  

Punching shear  β ≤ (1 - 1/γ) 

5, 
0 0 

, /
sin 

2 

3 sin 
Me pi 

i 

i 

i 

y 
i Rd bb

htf
N 

  
 

 
 
 

 
 

K and N joints with overlap As in Table A-9-7. 

For braces for circular sections, the resistances above are multiplied by π/4, replacing b1 and h1 with 
d1 and b2, and h2 with d2, except for shearing force of the seam. 

Av = (2h0 + αb0)t0 

for a brace for a square or rectangular 
member : 

where g is the gap 

2 
0 

2 

3 

4
1 

1 

t 

g
 

  . 

For diagonals or uprights for a circular 
section: α = 0 

i 
yi i 

y 
eff b

f t 

tf 

tb
b 0 0 

00 / 

10
  but beff ≤ bi 

1 
00 

, / 

10 
b 

tb
be p   but be.p ≤ bi 

For n > 0 (compression):  

kn =1.3 -
 

0.4n

 but kn ≤ 1.0 

For n ≤ 0 (tension ): kn = 1.0 
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Table A-9-10: Design resistance of welded joints connecting gusset plates K 
and N joints between sheets or brace members for I or H sections and RHS 

Transverse plate Chord face failure β ≤ 0.85 

5 
2 
001, /

0.91 

2.82 
MynRd tfkN  

 

 

 


 

Chord side wall flattening when b1 ≥ b0 − 2t0 

  5010 01, /102 MynRd tttk fN  

Punching shear when b1 ≤ b0 − 2t0 

  5,1 
0 0 

1, /22 
3 

Me p 
y 

Rd bt 
tf

N  

Longitudinal plate  Chord face failure  

t1/b0 ≤ 0.2 

  50101 
2 

0 01, //4 1/2 MymRd btbhtfkN  

I or H plate section 

As a conservative approximation, if η ≥ 2 1  , for an I 

or H section, N1,Rd may be assumed to be equal to the  the 
design resistances of  two transverse plates of  similar 
dimensions to the flanges on the I or H  section, determined 
as specified above. 

If η < 2 1  , a linear interpolation betweenone and two 

plates should be made the heet (η=0) (η=2 1  ). 

Mip,1,Rd = N1,Rd (h1 − t1) 
where N1,Rd is the resistance of one of the flanges and β is the 
relationship between the width of the flange on the I or H 
beam and the width of the RHS seam. 
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Validity range  

In addition to the limits given in Table 64.7.1: 

0.5 ≤ β ≤ 1.0 

b0/t0 ≤ 30 

Parameters beff , be,p and km 

1 
1 1 

0 0 

00 / 

10 
b 

tf 

tf 

tb
b 

y 

y 
eff   but beff ≤ bi 

For n > 0 (compression):  

kn =1.3 -
 

0.4n

 but kn ≤ 1.0 

For n ≤ 0 (: kn = 1.01 
00 

, / 

10 
b 

tb
be p   but be.p ≤ bi 

*) Fillet welded connections should be designed in accordance with 59.8. 

Table A-9-11: Design resistance moment of welded joints between RHS 
members and RHS seams 

T and X joints Design resistance 

In-plane moments  (θ = 90°) Chord face failure        β ≤ 0.85 

51 
2 

0 0,1, /
11 

2 

2 

1 
MynRdip t hk fM 

 
 

 
 
 

 

 
 

 

 
 

 
 

Chord side wall flattening 0.85 < β ≤ 1.0 

  5 
2 

010,1, /50.5 MykRdip thtfM  

fyk = fy0 for T joints 

fyk = 0.8 fy0 for X joints 

Brace failure  0.85 < β ≤ 1.0 

     511111,11,1, //1 MeffplyRdip ttb b hbWfM  
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Out-of-plane moments  (θ = 90°) Chord face failure        β ≤ 0.85 

  
  

 1012 
00,1,0 /

1 

12 

2 1 

1 
MynRdp 

b bh
tfkM 

 
 

 
 


 
 

 

 
 

 

 


 

 


 

Failure of the lateral seam face0.85 < β ≤ 1.0 

   501000,1,0 /5 MykRdp thtbtfM  

fyk = fy0 for T joints 

fyk = 0.8 fy0 for X joints 

Chord distortional failure  (only T joints)*) 

   5000 001 00 0,1,0 /2 MyRdp hbb h th ttfM  

Brace failure 0.85 < β ≤ 1.0 

   51 
2 

1 
2 

1,11,1,0 //0.5 1 MeffplyRdp b tbbWfM  

Parameters beff and kn 

1 
1 1 

0 0 

00 / 

10 
b 

tf 

tf 

tb
b 

y 

y 
eff   but beff ≤ b1 

For n > 0 (compression):  

kn =1.3 -
 

0.4n 

but kn ≤ 1.0 

For n ≤ 0 (tension ): kn = 1.0 

*) This criterion does not apply where chord distortional failure of the is avoided by other means. 
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Table A-9-12: Design criteria for special types of welded joints between RHS 
members and RHS 

Joint type Design criteria  

The members may be in either tension or 
compression, and should act in the same direction for 
both members  

N1,Ed ≤ N1,Rd  

where N1,Rd is the value of N1,Rd for an X 
joint from Table A-9-8. 

Member 1 is always in compression, and N1,Ed sin θ1 + N3,Ed sin θ3 ≤ N1,Rd sin θ1 

member 2 is always intension 
N2,Ed sin θ2 ≤ N1,Rd sin θ1 

where N1,Rd is the value of N1,Rd for a K 
joint from Table A-9-9, but with 

0 

2121 

4b 

hhbb  

replaced by: 
0 

321321 

6b 

hhhbbb  

All the diagonals be either compression or  N1,Ed sin θ1 + N2,Ed sin θ2 ≤ Nx,Rd sin θx 

where Nx,Rd is the value of Nx,Rd for an X 
joint from  Table A-9-8, and Nx,Rd sin θx is 
the larger of:  

│N1,Rd sin θ1│ and │N2,Rd sin θ2│ 

Member 1 is always in compression, and member dl Ni,Ed ≤ Ni,Rd 

2 is always in tension 
where Ni,Rd is the value of Ni,Rd for a K 
joint from Table A-9-9. In a gap-type 
joints seam at section 1-1 the chord 
satisfies : 
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Table A-9-13: Design criteria for, welded joints and joints nt RHS 

Joint type Criteria 

, welded knee joints 

The cross-section should be of class 1 for pure 
bending.  

NEd ≤ 0.2Npℓ,Rd 

and k
M 

M 

N 

N 

pl Rd 

Ed 

pl Rd 

Ed  
,, 

If θ ≤ 90 : 
  00 

0.8 
00 

00 

/21 

1 

/ 

/3 

hbhb 

hb
k 

 
 

If 90 < θ ≤ 180:  90 2 cos( / 2) 11 kk   

where κ90 is the value of κ for θ = 90°. 

tp ≥ 1.5t and ≥ 10 mm ≤ 1.0 

1.0 
,, 

 
pl Rd 

Ed 

pl Rd 

Ed 

M 

M 

N 

N 

Cranked-chord 

Imaginary extension of chord  

Ni,Ed ≤ Ni,Rd 

where Ni,Rd is the value of Ni,Rd for a K or N joint 
with overlap from th Table A-9-9. 
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Table A-9-14: Design resistance of reinforced welded T, Y and X joints 
between RHS or CHS members and RHS chords 

Joint type Design resistance 

Reinforced with flanged plates to avoid chord face failure, failure of, or punching shear.  

Tension loading βp ≤ 0.85 

 1  
1 

1 

sin 
hbb

h 
ppp  


 

with 00 2tbbp  

and 2t1t p  

 
 

 
11 

2 

1, )sin/(1 p 

pyp 
Rd bb 

tf
N ... 

... 51 
1 

1 //4 1
sin 

/2 
Mp 

p bb
bh 


  

 

 
 
 

 
 

Compression loading  βp ≤ 0.85 

 1  
1 

1 

sin 
hbb

h 
ppp  


 

with 00 2tbbp  

and 2t1t p  

Take N1,Rd  as the value of N1,Rd for a 
T, X or Y joint from  Table A-9-8, 
but with kn = 1.0 and replaced by t0 

tp  for chord face failure, the brace 
member or punching shear only. 

Reinforced with side plates to avoid chord side wall or chord side wall shear buckling failure . 

11 / sin1.5 hp  

with 2t1t p  

Take N1,Rd as the value of N1,Rd for a 
T, X or Y joint from Table A-9-8, but 
replacing t0 with (t0+tp) only for 
chord side wall buckling failure 
chord side wall failure only and 
shearing . 
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Table A-9-15: Design resistance of reinforced, welded K and N joints between RHS 
or CHS brace members and RHS chords 

Joint type Design resistance [i = 1 or 2] 

Reinforced with flanged plates to avoid chord face brace failure, failure of, or punching. 

 
 

 
 
 

 
 

2 

2 

1 

1 

sinsin 
1.5 

 
h 

g 
h 

p 

00 2tbbp  

2t1t p  

Take Ni,Rd  as the value of Ni,Rd for a K 
or N joint from Table A-9-9, but 
replacing t0 with tp only f chord face 
failure, the diagonal or upright,and 
punching shear only. 

Reinforcement with a pair of side plates to avoid chord shear failure. 

 
 

 
 
 

 
 

2 

2 

1 

1 

sinsin 
1.5 

 
h 

g 
h 

p 

Take Ni,Rd  as the value of Ni,Rd for a 
K or N joint from Table A-9-9, but 
replacing t0 with (t0+tp)  for chord 
shear failure only 

Reinforced by a division plate between the brace members because of insufficient overlap. 

tp ≥ 2t1 and  2 t2 

Take Ni,Rd  as the value of Ni,Rd for a 
K or N joint with overlap from  Table 
A-9-9, with λov < 80 %, and 
expressing be,ov as in Table A-10-7, 
but replacing bj , tj and fyj with bp , tp 

and fyp. 
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Table A-9-16: Reduction factors for multiplanar joints 

Joint type Reduction factor μ 

TT joint 60° ≤ φ ≤ 90° 

l Member1 may be in either tension or compression. μ = 0.9 

XX joint 

Members 1 and 2 can m be either tension or compression. 
N2,Ed/N1,Ed is negative if one member is in traction and one is 
in compression. 

/0.330.9(1 1,2, EEd NN  

taking account of the sign of N1,Ed 

and N2,Ed 

where │N2,Ed│ ≤ │N1,Ed│ 

KK joint 60° ≤ φ ≤ 90° 

μ=0.9 
Provided that in a gap-type joint 
at 1 section 1-1 the chord satisfies 
: 
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Table A-9-17: Design resistance of welded joints between CHS or RHS brace 
members and I or H section chords 

Joint type Design Resistance [i = 1 or 2, j = overlapped brace 

T, Y and X joints  Chord web Failure 

5 
1 

0 
1, /

sin M 
wwy 

Rd 

t bf
N 


 

Brace failure 

51 11, /2 MeffyRd t pfN  

K and Ngap joints [i = 1 or 2] Chord stability web  Brace failure need not be 
verified if: 

g/tf ≤ 20 − 28β; 
β ≤ 1.0 – 0.03γ where 
γ=b0/2tf 

and for CHS: 
0.75 ≤  d1 / d2 ≤ 1.33 
or for RHS: 
0.75 ≤ b1 / b2 ≤ 1.33 

5 
1 

0 
1, /

sin M 
wwy 

Rd 

t bf
N 


 

Brace failure  

5, /2 Meffyi ii Rd t pfN  

Chord shear 

5 

1 

0 
, /

3 sin 
M 

vy 
i Rd 

Af
N  

 
 

    5 
2 

1,000, //1 MRdpEdyvyvi Rd VVA ffAAN  
 

 
  

K and N joints with overlap*) [i = 1 or 2] Brace failure  25 % ≤ λov < 50 % 

sMembers i and j may be in either tension or 
compression. 

5,, 4 ) // 502( Miovie oveffyi ii Rd thbptfN   

Brace failure  50 % ≤ λov < 80 % 

5,, 4 ) /2( Miie oveffyi ii Rd thbptfN  

Brace failure λov ≥ 80 % 

5,, 4 ) /2( Miie oveffyi ii Rd thbptfN  
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Av = A0 − (2 − α) b0 tf + (tw + 2r) tf 

For RHS braces : 

 2 2 / 341 

1 

t fg 
  

For CHS braces : 
α = 0 

yfweff fftrtp /72 0 

but for T or Y joints, or 
for K and N joints with 
portion: 
peff ≤ bi+hi-2ti 

and for K and N joints 
overlap : peff ≤ bi 

)5(
sin 

rt
h

b f 
i 

i 
w  

 

but 

)10(2 rttb fiw  

but be,ov ≤ bi 

For CHS braces multiply, the resistances above for brace failure and  by π/4, replacing both b1 and h1 

by d1 and b2, and h2 by d2, except for shearing force of the seam. 

*) It is only necessary to test the brace meber that overlaps i. The efficiency (i.e. the design resistance 
of the joint divided by the design plastic resistance of the brace member) of the overlapped by j 
should be taken as equal to that of the overlapping brace member. See also Table 64.8. 

Table A-9-18: Design moment resistance of welded joints between rectangular 
hollow section brace members  and I or H section chords 

Joint type Design resistance [i = 1 or 2, j = overlapped 
brace ] 

T and Y joints Failure of chord web yielding  

5110,1, ) /(0.5 MwwyRdip tht bfM  

Brace failure of the 

51 1,1, / MzeffyRdip ht pfM  

where hz is the distance between the centres of 
gravity of the effective parts of the RHS beam 

Parameters peff and bw 

10 /72 yyfweff fftrtp  

but peff ≤ bi +hi-2ti 

)5(
sin 1 

1 rt
h

b fw  
 

, 

but )10(2 1 rttb fw  
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Table A-9-19: Design resistance of welded joints between CHS or RHS brace 
members and U section chords 

Joint type Design resistance [i = 1 or 2, j = overlapped diagonal or 
upright] 

K and N joints with separation Brace failure 

5, 4 ) /2( Miieffiyi ii Rd thbbtfN  

Failure of the seam 

5 

1 

0 
, /

3 sin 
M 

vy 
i Rd 

Af
N  

 
 

  5 
2 

,0000, //1 Mpl RdEdyvyvRd VVA fA fAN  

K and N joints with overlap *) Brace failure 25 % ≤ λov < 50 % 

5,, /4
50

2 Mi 
ov 

ie oveffyi ii Rd thbbf tN  
 
 

 
 
 

 
 
 


 
 
  N 

Brace failure 50 % ≤ λov < 80 % 

  5,, /42 Miie oveffyi ii Rd thbf t bN  

Brace failure λov ≥ 80 % 

  5,, /42 Miie oviyi ii Rd thbf t bN  

Av = A0 − (1 − α) b0 
* t0 

b0 
* = b0 - 2 (tw + r0) 

For RHS: 22 / 341 

1 

t fg
  

For CHS: α = 0 

5 
0 

, /
3 

M 
vy 

pl Rd 

Af
V  

VEd = (Ni,Ed sin θi )max 

i 
yi i 

y 
eff b

f t 

tf 

tb 
b 0 0 

0 
* 

0 / 

10
 , but beff ≤ bi 

i 
yi i 

yj j 

jj 
e ov b

f t 

f t 

tb
b 

/ 

10 
,  , but be,ov ≤ bi 

For CHS braces except the chord failure, the resistances above are multiplied by π/4, and replace both b1 and 
h1 by d1 as well b2, and h2 by d2, e 
*) only the overlapping brace member i needs to be checked i. The efficiency (i.e. the design resistance of 

the joint divided by n the stic design plastic resistance of the member) of the overlapped member  j 
should betaken as equal to that of the overlapping brace member 
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Annex 10: 	Guarantee levels and 
requirements for official 
recognition of quality marks 

A10.1 Introduction 

This Code specifies Project Management’s ability to apply special considerations to 
certain products that voluntarily have additional levels of guarantee over and above the 
minimum required by the regulations, in accordance with Section 84. 

In general, these additional levels of guarantee are shown through the possession of 
a quality mark that has been officially recognised by a competent government body in the 
field of construction in a Member State of the European Union, any of the signatory states 
to the Agreement on the European Economic Area, or any state that has an agreement 
with the European Union on the establishing of a customs union, in which case the level of 
equivalence shall be found by applying the procedures established in Directive 
89/106/EEC. 

A10.2 Guarantee levels for products 

In case of products that need to have CE marking in accordance with Directive 
89/106/EEC, the level of guarantee required by the regulations is that associated with the 
CE marking, as specified in the corresponding harmonised European standards, and 
which allows free trade  within the European Economic Area. In the case of products for 
which there is no CE marking in force, the level of guarantee required by the regulations is 
that set out in the body of this Code. 

Additionally, the Manufacturer of any product may voluntary opt for a quality mark 
that ensures a guarantee level that exceeds the minimum requirement laid down by this 
Code.. In the case of products with the CE marking, such quality marks should provide an 
added value in relation to properties not covered d by this marking. 

Where they are voluntary, quality marks may show different criteria for concession in 
the corresponding special procedures. This Annex sets out the conditions that allow a 
distinction to be made as to when there is an additional level of guarantee in relation to 
the minimum required by the regulations, and which may therefore be recognised officially 
by the competent National authority.  

A10.3 Technical bases for official recognition of quality marks 

The national authority body that officially recognises the quality mark must verify that 
it fulfils the requirements for official recognition contained in this Annex and that such 
fulfilment is maintained. In order to achieve this objective, 

The Administration may, in observance of the necessary confidentiality, intervene in 
any activities that it deems relevant for recognition of marking.  
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The official regulation in which the competent government body awards recognition 
must state explicitly that recognition is done for the purposes of this Code and in 
accordance with the technical bases contained in this Annex.  

The national authority that officially recognises a quality mark for a product or 
process may, in order to check whether the requirements have been fulfilled, require that 
designated representatives to participate in the committees defined in the certification 
body for taking decisions on certification materials. The national authority shall have 
access to all documentation relating to the mark, and shall make the appropriate 
confidentiality commitments. 

A10.4 General requirements for quality mark  

 For its official recognition, a mark shall: 

-	 be of a voluntary nature and awarded by a certification body that fulfils the 
requirements of this Annex;  

-	 be in agreement with this Code and to include an explicit declaration of such 
compliance in its rules; 

-	 be awarded based on a procedure described in a governing regulation for the 
quality mark that defines its specific guarantees, the procedure for awarding it, 
the operating system, the technical requirements and the rules concerning 
decision-making relating to it. This regulation should be available to the public, 
defined in clear, precise terms, and should provide unambiguous information, 
both for the certification customer and for other interested parties. Such 
regulation shall also consider specific procedures, both in the case of external 
installations to the construction site and installations that belong to the site, as 
well as processes developed in site. 

-	 guarantee independence and impartiality in the concession, not allowing, among 
other measures, taking part in the decisions regarding any expedient to persons 
developing consultancy activities related to it; 

-	 include, in the regulations governing the granting of the quality mark, the 
corresponding treatment for certified products, presenting the results of non
compliant production tests, so as to guarantee that appropriate corrective action 
is taken immediately and, if applicable, clients are informed. The rules shall also 
lay down the maximum period of time that may elapse between the non
compliance being detected and l the corrective action that being taken; 

-	 lay dawn the minimum requirements that must be fulfilled by laboratories 
working on certification; 

-	 establish for the awarding that shall  be a continuous production control during 
a period of at least six months for products developed at facilities off site. In the 
case of facilities on site, the governing regulations shall consider criteria for 
ensuring the same level of production information and guarantees for the user; 

-	 present additional guarantees for properties that are separate from the 
regulatory requirements but which may contribute to compliance with the 
requirements of this Code, in case of products or processes not included in this 
Annex but included in the scope of this Code. 
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A10.5 Specific requirements of quality marks 

This Code defines, besides the general requirements in section 4 of this Annex, 
defines some specific requirements that should fulfil by quality marks in order to be 
recognised by an Administration. 

A10.5.1 Members manufactured at the workshop  

The quality mark shall t: 

-	 guarantee that the reception of steel products and joint members used, where 
applicable, as well as the stocks system, allow for perfect traceability by means 
of continuous documented control and of consumption of such products; 

-	 demand a computerised control system for the traceability of members 
regarding to the products used; 

-	 demand that where there are discontinuities in production of more than 1 month, 
the manufacturer shall communicate the same to the certification body. The 
manufacturer shall otherwise be subject to penalties, which must be set out in 
the regulation of the quality mark. The requirements for the production and 
intensity of controls after the discontinuity must be set out in the regulations, 
depending on the causes of such interruption; 

-	 require workshops to have labelling systems through  computerised codes to 
guarantee traceability of the members and which allow for subsequent 
traceability management on site; 

-	 define and apply, where relevant, penalties that guarantee the minimum impact 
to the user in the event of the production of non-conformity products. To this 
end, than 3 months since the detection of non-conformity relating to the product 
requirements until the suspension of use of the mark for such certified product, if 
the non-conformity c has not been settled r by then.  

A10.5.2 Steel products 

The quality mark for steel products shall: 

-	 guarantee added value with regard to characteristic not covered by the CE 
marking; 

-	 guarantee added value focused on the transformation processes at assembly 
workshops; 

-	 guarantee product properties that are consistent with the special considerations 
discussed for such cases in this Code;  

-	 require that manufacturers to have labelling systems by means of  computerised 
codes to guarantee traceability of the steel up to casting level and which allow 
such traceability to be managed by the customer.  
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A10.6 General responsibilities of certification bodies 

This shall be a body accredited in accordance with Regulation (CE) 765/2008 of the 
European Parliament and the Council, of 9 July 2008, according with UNE-EN 45011 for 
the certification of products. 

The certification body shall make available to the national authority body that carries 
out recognition all the necessary information for the correct development of activities for 
which it is competent in relation to the recognition of marks.  

The certification body should also: 

-	 notify the national authority body that carries out official recognition of any 
changes to the initial conditions under which recognition was granted;  

-	 have a specific body for each product that analyses the application of the 
regulation and adopts or, where relevant, proposes the adoption of decisions 
relating to the award of the mark. It must include equal numbers of 
representatives of manufacturers, users and certification partners (laboratories, 
auditors, etc.); 

-	 check that the laboratory used to carry out production controls has adequate 
material and human resources; 

-	 check conformity of production control test results with a periodicity adequate for 
the manufacture of the product and not, under any circumstances, less than 
once every six months. The regulations shall therefore set out acceptance 
criteria, both for statistics and for individual ones. In order to analyse these test 
results, the regulations shall also set out the criteria for correcting them, 
depending on the results obtained by the verification laboratory in the contrast 
tests. Statistical conformity of both corrected and uncorrected self-control results 
must be checked; 

-	 check that, in the event of a non-conformity production control, manufacturers 
have taken corrective measures within a period of not more than one week, and 
have notified their customers in writing with the results of the self- control. Any 
non-conformity must be resolved within a maximum period of three months. 
Depending on whether corrective measures are adopted, an additional period of 
three months may be granted, 

at the end of which period the mark shall be withdrawn if the non-conformity 
still exists. In this case, and in order to adopt measures quickly, the 
manufacturer’s allegations and the proposal to withdraw the mark may, where 
relevant, be carried out using computerised processes (Internet, etc.); 

−	 use verification laboratories to carry out periodic contrast tests of the properties 
of the products protected by the mark. The sampling to carry out these tests 
must be done guaranteeing that they are representative and distributed properly 
to verification laboratories and to the manufacturers’ own laboratories, where 
relevant. The certification body shall, depending on the results obtained, make 
corrections to the data obtained from the production control, where relevant;  

−	 organise round-robin testing programmes at least once a year, to allow tracking 
the evolution of the verification laboratories; 
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−	 set up a market surveillance, such that all products protected by the mark are 
subject to periodic analysis by taking samples for testing and checking that in all 
cases the documentation guarantees both traceability and consistency of the 
supplied product with the characteristics of the product that appear in the supply 
record. 

A10.7 Requirements for verification laboratories 

These should be the certification body’s own laboratories, or subcontracted 
laboratories, accredited in accordance with Regulation (CE) 765/2008 of the European 
Parliament and the Council, of 9 July 2008, in accordance with UNE-EN ISO/IEC 17025 or 
belonging to a government body with competence in the field of construction, as 
discussed in subsection 78.2.2.1. 

A10.8 Requirements relating to the production premises 

The production facility shall: 

-	 have implemented a quality management system that is audited by an 
authorized certification body implemented accredited in accordance with 
Regulation (CE) 765/2008 of the European Parliament and the Council, of 9 July 
2008, in accordance with UNE-EN ISO/IEC 17021. This system must comply 
with the relevant parts of standard UNE-EN ISO 9001;  

-	 have a laboratory for continuous control of production and of the product to 
supply, whether this its own laboratory or a contracted one; 

-	 have defined and implemented continuous production control at the factory, the 
data from which must be available for a period of at least six months before the 
concession is granted. This period may be two months in some special cases 
where the same product is manufactured regularly, such as at the work site 
facilities, for example. For such cases, the regulations of the mark shall include 
specific criteria that ensure the same level of guarantee for the user as in 
general case, so that the mark may be granted within a maximum period of two 
months from the submission of the self-control data referred to above;  

-	 have a signed insurance policy of a sufficient sum that offers protection for its 
civil liability for possible faulty products manufactured, in accordance with the 
regulations for the quality mark; 

-	 have an information system for production control results, which shall be 
accessible for the user by means of computerised procedures (Internet, etc.). 
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Annex 11: Structure’s contribution to 
sustainability index 

A11.1 General 

The design, execution and maintenance of steel structures are activities that fall 
under the general context of construction and which may contribute to fulfilment of the 
conditions that allow for adequate sustainable development. 

Sustainability is a global concept that is not specific to steel structures, and it 
requires a series of environmental financial and social criteria be satisfied. The 
contribution of steel structures to sustainability therefore depends on compliance with the 
criteria such as reasonable use of the energy employed (both for the manufacture of 
construction products and for progression of execution), the use of renewable resources, 
the use of recycled products and minimising the impact on the environment as a result of 
execution and the creation of healthy work areas. The design, execution and maintenance 
of steel structures may also take account of other aspects, such as amortising the initial 
impact over the working life of the structure, optimising maintenance costs, incorporating 
innovative technology resulting from corporate RDI strategies, continuously training the 
staff participating in the stages of the structure, or other aspects of a financial or social 
nature. 

Without prejudice to compliance with the environmental protection legislation in 
force, the Owner may stipulate that the structure’s execution consider a series of 
environmental considerations, so as to minimise the potential impact of such activity. In 
such case, this requirement should  be included in an environmental assessment Annex 
for the structure, to form part of the design. In case the design does not consider 
requirements of this type for the execution phase, the Owner may demand an obligation of 
compliance by inserting the relevant clauses in the contract with the Builder.  

When the Designer has set out requirements relating to the contribution of the 
structure to sustainability, and the Owner so decides, this Annex defines the structure’s 
sustainability contribution index (ICES-EA) [Index of Contribution to Sustainability by a 
Steel Structure], obtained using the environmental sensitivity index therein (ISMA-EA) 
[index of environmental sensitivity of a steel structure], setting out procedures for 
estimating them where so decided upon by the Owner. 

The criteria mentioned in this Annex apply exclusively to activities relating to steel 
structures. In the case of members that are frequently included in assemblies on very 
extensive sites (buildings, industrial sites, bridges, etc.), the Designer and Project 
Management must ensure,  

Where relevant, that these criteria are coordinated in relation to those adopted for 
the rest of the structural work.  

A11.2 General criteria for steel structures 

The assessment of sustainability indicators or, where relevant, environmental 
indicators, discussed in this Code may be intended to:  
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- compare different structural steel solutions; or 

-	 establish quantitative parameters for evaluating the quality of the structure in 
relation to such aspects.  

In general, a structure has added value in terms of sustainability when it meets the 
requirements defined in Section 5 of this Code, with: 

− optimisation of material consumption, using smaller quantities of steel; 

− extension of the working life of the structure, over which it produces greater 
amortisation of any impact produced during the execution stage ;  

−	 use of steel: 

- originating from the recycling of ferric by-products );  

- obtained using processes that produce lower emissions of CO2 into the 
atmosphere; 

-	 that demonstrates the fact that waste is put to good use, such as blast
furnace , for example; 

-	 originating from processes that guarantee the use of primary iron materials 
that do not have any radiological contamination;  

− establishment of voluntary environmental certification systems for 
manufacturing processes relating to all products used in the structure and, in 
particular, those for the execution of the structure, including workshop 
manufacture, assembly on site and transportation to the site, where relevant;  

−	 use of products with officially recognised quality marks ensuring that the basic 
requirements of the structure are adequately met with the least possible degree 
of uncertainty − conformity with additional preventive  criteria to those set out 
in the regulation  in force and which may apply to health and safety on the site; 

−	 application of innovative criteria that increase productivity, competitiveness and 
efficiency of construction, as well as user accessibility;  

-	 minimising potential impact on the environment resulting from execution of the 
structure (noise, particles, etc.); and  

-	 the smallest possible use of natural resources in general. 

A11.3 General method for considering sustainability criteria  

The consideration of sustainability criteria for a steel structure shall be decided upon 
by the Owner, who must also: 

-	 communicate the same to the Designer so that he can incorporate the 
corresponding measures when drawing up the design; 

-	 consider this when commissioning execution;  

-	 check that the Builder complies with the criteria during execution; and 
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-	 ensure that appropriate maintenance criteria are conveyed to users, where 
relevant. 

The Owner must, if appropriate, communicate the Designer of the sensitivity 
criterion with which the building must comply in accordance with section A11.5 of this 
Annex. A steel structure shall be considered as fulfilling the criterion defined by the Owner 
where the following conditions are fulfilled, where relevant:  

ICES-EAproperty ≤ ICES-EAdesign ≤ ICES-EAexecution 

where: 

-	 Owner indicates that the ICES-EA index is defined by the Owner in 
the commissioning; 

-	 Design indicates that this is the index established by the Designer; 

-	 Execution indicates that the index has been obtained as a result of the 
control on the actual conditions under which the structure has 
been executed, in accordance with Section 91 of this Code. 

A11.4 	 Environmental sensitivity index of the steel structure (ISMA-EA) 

A11.4.1 	 Definition of the environmental sensitivity index (ESI) 

The “environmental sensitivity index” of a structure is defined as the result of 
applying the following expression: 

i  6 

ISMA  EA     Vi i i i 
i 1 

where: 

αi, βi and γi weighting factors for each requirement, criterion or indicator in 
accordance with Table A11.4.1.a; 

Vi 	 factors for the value obtained for each criterion, in accordance with the 
following expression, depending on the representative parameter in each 
case: 

  P  
Ai im  

 i 
 i 


 Vi  ki 1 e n 

  
  

where: 

Ki, mi, ni and Ai 	 parameters whose values depend on each indicator, in 
accordance with Table A11.4.1.b; 

Pi 	 value representing each indicator, in accordance with section 
A11.4.3 of this Annex. 
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Table A11.4.1.a. Weighting factors 

Environmental requirement Weighting factor 

α β γ 

Environmental properties of steel 
products 

0.70 0.40 1 

Optimisation of execution 0.40 0.5 

Level of execution control 0.5 

Environmental optimisation of steel 0.20 1 

Specific measures for impact control 0.30 0.33 1 

Specific measures for waste 
management 

0.67 1 

Table A11.4.1.b 

Environmental requirement Ki mi ni Ai 

Environmental properties of steel 
products 

1.02 -0.50 50 3.00 

Optimisation of execution 1.06 -0.45 35 2.50 

Level of execution control 1.05 -1.80 40 1.20 

Environmental optimisation of steel 10.5 -0.001 1 1.00 

Specific measures for impact control 10.5 -0.001 1 1.00 

Specific measures for waste 
management 

1.21 -0.40 40 1.60 

A11.4.2 Environmental classification of facilities 

For the purposes of this Code, a facility shall be understood as having an 
environmental mark when it is in possession of a quality mark in accordance with UNE-EN 
ISO 14001 or an EMAS. 

Even without an environmental mark, the facility shall be considered to have an 
environmental commitment for the purposes of this Code where it fulfils the following 
conditions: 

a) In the case of a workshop manufacturing facility:  

-	 it has an officially recognised quality mark, in accordance with 
Section 84 of this Code; 

-	 it uses steel products that have an officially recognised quality mark;  

-	 it checks and records waste management or recycling processes 
(e.g. use of containers, waste management plans, etc.); 

b) In the case of the company undertaking on-site execution :  
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-	 it uses steel products that have an officially recognised quality mark;  

-	 it checks and records waste management or recycling processes 
(e.g. use of containers, waste management plans, etc.); 

-	 it has demarcated areas for the warehousing of products; 

-	 it adopts measures to reduce noise emissions caused by the 
processes that take place in  structure’s execution;  

c) In the case of the construction company, in relation to assembly on site: 

-	 it collects waste in separate containers for their recycling and 
management;  

-	 it has demarcated areas for the warehousing of products; 

-	 it adopts measures to reduce noise emissions caused by the 
processes that take place in  structure’s execution.  

A11.4.3 Environmental criteria and representative functions  

A11.4.3.1 Environmental criterion of characterisation of steel products 

This criterion assesses the environmental sensitivity of the manufacture of steel 
products. It is intended to reduce CO2 emissions from the manufacture of steel, and to 
reduce the quantity of waste produced by the manufacture of steel products. 

i 2 

P  
1 A  p i  1	 1 1i100 100 i1 

where: 


λ1i values obtained from Table A11.4.3.1;  


A percentage of steel products that have an officially recognised quality 

mark ; 

p1i percentage of on-site use of each type of steel identified in Table 
A11.4.3.1. 
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Table A11.4.3.1 

Environmental 
condition 

In accordance with / by means of Value 
factor 
(λ1i) 

No certification Standard UNE-EN ISO 14001 and the EMAS system do not 
apply, or the product is not certified by means of a voluntary 
quality mark with an officially recognised mark , or the 
product certificate does not attest whether such steel is 
subject to the requirements of the Kyoto Protocol. 

0 

With production Standard UNE-EN ISO 14001. 10 
subject to 

environmental 
certification 

Standard UNE-EN ISO 14001 and EMAS record, or EMAS 
record without standard UNE-EN ISO 14001. 

40 

By virtue of having an officially recognised quality mark, the 
manufacture of the steel is accredited as being subject to 
the requirements of the Kyoto Protocol. 

60 

A11.4.3.2 Environmental criterion of optimisation of execution 

This criterion assesses the environmental sensitivity with which the workshop 
assembly manufacturing processes for structures take place, as well as the procedures 
for. Its objectives are as follows: 

-	 to reduce the f waste produced by manufacturing;  

-	 to encourage optimisation of members and recycling of any waste the 
production of which is inevitable; and  

- to reduce impact during assembly on site. 


The representative function of this criterion is defined by:  


i2 

P  
1  p i  2 2 2i100 i 1 

where p2i is the percentage that represents each of the possible origins of the  members 
used in the structure , and λ2i is the sum of the values that may apply according to the 
environmental conditions at the facilities, for the corresponding column in Table A11.4.3.2.  
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Table A.11.4.3.2 
Facility Environmental condition Factors (λ2i) 

Case 1: 
Workshop 
manufacturing facility 

Case 2: 
On-site 
execution 
facility 

λ21 λ22 

Workshop 
manufacturing facility 

With environmental mark 80 -

With environmental 
commitment 

60 -

Other cases 30 -

On-site execution 
facility 

With environmental mark - 70 

With environmental 
commitment 

- 30 

Other cases - 0 

Construction company With environmental mark 20 30 

With environmental 
commitment 

10 15 

Other cases 0 0 

The values in the table above correspond to a maximum transportation distance of 
300 km for members that are manufactured in the workshop. Where this transportation 
distance is greater, the factor value λ21 corresponding to the workshop manufacturing 
facility shall be reduced by 5, and that corresponding to the construction company shall be 
increased by 5, with the exception of the “Other cases” row which shall remain as 0.  

A11.4.3.3 Environmental criterion of execution control systems  

This criterion assesses the environmental contribution associated with the reduction 
in resources consumed by preparation of the structure, as a result of an intensive 
execution control level and the use of products that have an officially recognised quality 
mark.  

The representative function of this criterion is defined by:  

i2 

P  
1  p i  3 3 3i100 i1 

where p3i is the on-site usage percentage for each of the cases defined in Table A11.4.3.3 
and λ3i is the factor reflected in the same for each case. 
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Table A11.4.3.3 

Sub-criterion Value factor 
(λ3i) 

No reduction in γM applies, in accordance with 
subsection 15.3 

λ31=0 

A reduction  in γM applies, in accordance with subsection 
15.3 

λ32=100 

A11.4.3.4 Environmental criterion of steel optimisation  

This criterion assesses the environmental contribution associated with the recycling 
of ferric by-products as well as whether good use is made of the by-products produced 
during the process. 

The representative function of this criterion is defined by:  

i2 

P  
1 A  p i  4 4 4i100 100 i1 

where: 

λ4i values obtained from Table A11.4.3.4 ;  

A percentage of steel that is in possession of an officially recognised 
quality mark; 

p4i percentage of on-site use of each type of steel identified in Table 
A11.4.3.4. 

Table A11.4.3.4 

Optimisation of resources in steel manufacture Factors 
(λ4i) 

By virtue of its being in possession of an officially recognised quality mark, the 
manufacture of the steel is accredited as originating from the recycling of waste for at 
least 80 %. 

λ41=45 

By virtue of having an officially recognised quality mark, the steel is recognised as 
making good use of more than 50 % of its dross. 

λ42=25 

By virtue of its being in possession of an officially recognised quality mark, the steel is 
recognised as having been subjected to verifiable, documented radiological emissions 
tests, both for the primary iron materials used in the steel work and for the steel 
products. 

λ43=30 

A11.4.3.5 Environmental criterion of impact control  

This criterion assesses the environmental contribution associated with the execution 
of a structure that minimises the impact on the environment and, in particular, the 
emission of particles and gases into the air. 

The representative function of this criterion is defined by:  
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i2 

P   p i  5 5 5i 
i 1 

where p5i and λ5i are the parameters obtained from Table A11.4.3.5. 

Table A11.4.3.5 

Sub-criterion p5i 5i 

No painting done on site 1 50 

No welding done on site 1 50 

A11.4.3.6 Environmental criterion of waste management  

This criterion assesses the environmental contribution associated with the execution 
of a structure that provides adequate management of waste generated during that 
process. In particular, it takes account of the existence of a management plan for 
excavation materials, a management plan for construction waste and demolition.  

The representative function of this criterion is defined by:  

P6  6 

where λ6i are the values obtained from Table A11.4.3.6. 


Table A11.4.3.6 


Sub-criterion Cases 

No controlled action 0 

20 % 20 

Management of construction and 
40 % 40 

demolition waste (RCD). Recycle a percentage, as given in the next 
column, and the rest to dumps . 60 % 60 

80 % 80 

100 
% 

100 

A11.5 Sustainability contribution index of the structure 

The “sustainability contribution index of the structure” (ICES-EA) is defined as the 
result of applying the following expression: 

ICES-EA =a+b·ISMA-EA 

and the following must also be fulfilled:  

ICES-EA ≤ 1 

ICES-EA ≤ 2.ISMA-EA 
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ICES-EA is the minimum of:  

1) a+b·ISMA-EA 

2) 1 

3) ISMA 

where: 

a social contribution factor, obtained as the sum of the factors given in Table A11.5, 
in accordance with the sub-criteria that may apply: 

i 5 

a ai 
i1 

Table A.11.5 

Sub-criterion In design In execution 

The Constructor  applies innovative methods resulting from 
RDI projects carried out in the last 3 years. 

a1 =0 a1 =0.02 

At least 30 % of staff working on execution of the structure 
have taken specific training courses in technical, quality or 

environmental aspects. 
a2= 0 a2= 0.02 

Voluntary health and safety measures are adopted in 
addition to those required by the regulations for execution of 

the structure. 
a3= 0 a3= 0.04 

A public website, specific to the works, is prepared in order to 
inform the public, and which includes its characteristics and 

execution deadlines, as well as its financial and social 
implications. 

a4 = 0.01 a4 = 0.02 

The structure is included in a structural work declared to be 
in the public interest by the competent government body. 

a5 = 0.04 a5 = 0.04 

b 	 contribution factor by extension of the working life , obtained in accordance with the 
following expression: 

t 
b 	 g  1.25 

t g ,min 

b is the minimum of: 

1) 
g ,min 

g 

t 

t 

2) 1.25 

where: 

tg working life actually considered in the design for the structure, within the 
ranges considered in Section 5 of the Code; and  
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tg,min value of the working life  set out in subsection 5.1 of the Code for the 
corresponding type of structure. 

On the basis of the ICES-EA, the contribution of the structure to sustainability may 
be classified in accordance with the following levels: 

Level A: 0.81 ≤ ICES-EA ≤ 1.00 

Level B: 0.61 ≤ ICES-EA ≤ 0.80 

Level C: 0.41 ≤ ICES-EA ≤ 0.60 

Level D: 0.21 ≤ ICES-EA ≤ 0.40 

Level E: 0.00 ≤ ICES-EA ≤ 0.20 

where A is the maximum end of the scale (maximum contribution to sustainability) and E 
is the minimum end of the scale (minimum contribution to sustainability).  

A11.6 	 Checking the sustainability contribution criteria 

A11.6.1 	 Evaluation of the sustainability contribution index of the structure in 
the design 

In the event that the Owner decides to apply sustainability criteria to the structure, 
the Designer must define a strategy for complying with them in the design, by assessing 
the design value of the sustainability contribution index of the structure (ICES-EAdesign) and 
identifying the criteria, or sub-criteria where relevant, that must be fulfilled in order to 
achieve the set value. 

In order to evaluate the ICES-EAdesign index, a1 = a2 = a3 = 0 shall be used. 

Furthermore, the Designer shall also reflect the necessary measures that are to be 
taken into account during execution of the structure in the corresponding documents and, 
in particular, in the technical report, the Special Technical Specifications and the budget.  

A11.6.2 	 Evaluation of the actual sustainability contribution index of the 
structure on   execution  

Where the Owner has decided to apply sustainability criteria to the structure, 
Project Management must check, either directly or through a quality control body, that the 
actual value of the sustainability contribution index of the structure as a result of the actual 
conditions of execution (ICES-EAexecution) is not less than the value for that index as 
defined in the design. 

Accreditation documents for the final assessment of ICES-EAexecution shall form part 
of the final work documentation. 
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