
 

Structural member stability verification in the new Part 1-1 of
the second generation of Eurocode 3
Citation for published version (APA):
Knobloch, M., Bureau, A., Kuhlmann, U., Simoes da Silva, L., Snijder, H. H., Taras, A., Bours, A-L., & Jörg, F.
(2020). Structural member stability verification in the new Part 1-1 of the second generation of Eurocode 3: Part
1: Evolution of Eurocodes, background to partial factors, cross-section classification and structural analysis.
Steel Construction, 13(2), 98-113. https://doi.org/10.1002/stco.202000016

DOI:
10.1002/stco.202000016

Document status and date:
Published: 01/05/2020

Document Version:
Accepted manuscript including changes made at the peer-review stage

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://doi.org/10.1002/stco.202000016
https://doi.org/10.1002/stco.202000016
https://research.tue.nl/en/publications/2880497d-2842-482a-9cef-f3bfb5a22053


Steel Construction – Design and Research                                        Manuscript Template 

Last update 03.03.2020 4:22  

Markus Knobloch 
Alain Bureau 
Ulrike Kuhlmann 
Luís Simões da Silva 
Hubertus. H. Snijder 
Andreas Taras 
Anna-Lena Bours 
Fabian Jörg 
 

Structural Member Stability Verification in 
the New Part 1-1 of the Second Generation 
of Eurocode 3 
Part 1: Evolution of Eurocodes, Background of Partial Factors, Cross-sec-
tion Classification and Structural Analysis 
This two-part article gives an overview of the developments of the structural member verification in prEN 1993-1-

1:2020 ‘Eurocode 3: Design of steel structures – part 1-1: General rules and rules for buildings’, belonging to the 

second generation of Eurocodes. These developments were undertaken by Working Group 1 (WG1) of subcommittee 

CEN/TC250/SC3 and by Project Team 1 (SC3.PT1) responsible for drafting the new version of EN 1993-1-1. In the 

past, WG1 collected many topics needing improvement and also the systematic review conducted every 5 years 

yielded topics needing further development. Based on this, the current version of EN 1993-1-1 has been developed 

into a new draft version prEN 1993-1-1:2020 enhancing ‘ease of use’. The technical content of this new draft has been 

laid down end of 2019. Many improvements of design rules have been established with respect to structural analysis, 

resistance of cross-sections and stability of members. This two-part article focuses on member stability design rules 

and treats the basis for the calibration of partial factors, the introduction of more economic design rules for semi-

compact sections, methods for structural analysis in relation to the appropriate member stability design rules, new 

design rules for lateral torsional buckling and other developments and innovations. Thereby, the present first part of 

the article primarily serves the purpose of explaining the general background of the European Commission Mandate 

M/515 that led to the further evolution of the Eurocodes and illustrate the developments in prEN1993-1-1:2020 that 

pertain to new material grades, partial factors, cross-sectional classification and structural analysis. These form the 

necessary background for the changes to member buckling rules, which are more specifically treated in the second 

part.  

1 Structural Eurocodes and EN 1993-1-1 – From Past to Future  

1.1 Development of the Second Generation of Eurocodes  

In 2010, the Eurocodes were introduced in accordance with the directives of the European Union. The 

Eurocodes comprise 10 standards in 58 parts and replaced the national standards in many countries. 

Thereby, an important first step for a harmonized European standardization in the field of structural engi-

neering was made. The Eurocodes have thus been in force now for some time in the different member 

countries of the Comité Européen de Normalisation (CEN) and they are used by structural engineers work-

ing in practice to design buildings, bridges, etc. Working with the Eurocodes and getting experience with 

them gave rise to proposals for change and possible improvement.  
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Currently, the further evolution of the Eurocodes is being carried forward in the frame of the mandate 

M/515 [1], which was agreed in December 2012 between the European Commission and CEN. Among 

others, the mandate is intended to lead to the extension of the Eurocode rules in terms of new materials, 

products and construction methods, improving the practical use for day-to-day calculations and achieving 

a better harmonization by reducing the number of Nationally Determined Parameters (NDPs).  

The mandate started in 2015 and will last until early 2022. However, publication including formal proce-

dures - such as a so-called CEN Enquiry - may last up to 2024, perhaps even longer when accounting for 

the transfer to national rules and legislation. Fig. 1 shows the time schedule for the revision and the further 

evolution of the Eurocodes. 

 

Fig. 1. Planned timetable for the revision of Eurocodes. 

There are two main sources for the development of the second generation of the Eurocodes: the general 

revision and maintenance based on the so-called “Systematic Review” and further developments in the 

frame of the EU Mandate M/515. Within the “Systematic Review”, which usually takes place every 5 years 

according to CEN rules, comments and proposals for improvement of the single Eurocodes and their parts 

were asked and brought forward by the National Standardisation Bodies (NSBs, e.g. DIN, BSI, AFNOR, 

NEN, etc.). These have to be answered by the subcommittees, i.e. in the case of Eurocode 3 on steel struc-

tures by subcommittee CEN/TC250/SC3 (TC = Technical Committee, SC = Sub Committee). Apart from 

these proposals for change and possible improvement, the NSBs were also asked propose (i) ways to en-

hance the ease of use of the standard, (ii) improvements in terms of compactness of the code and (iii) 

extensions of the desired scope. Moreover, the NSBs have identified rules that are inefficient for the as-

sessment or lead to uneconomic design results. 

Furthermore, so-called Project Teams (PT), responsible for the technical work and the development of the 

drafts, have been given a contract within the EU Mandate M/515, following the procedure adopted for the 

transfer from the ENV-versions to the EN-versions of the Eurocodes in the late 1990s and early 2000s. 

Each of these Project Teams consists of five to six members, who were chosen in a competitive selection 

process with open applications, leading to a good representation of different countries and backgrounds 

(industry and academia).  

The CEN/TC 250 work program has been split into four overlapping phases. These interrelated phases 

ensure an efficient work program and enable effectively managing the interdependencies of the activities. 

Phase 1 comprises general parts of the work program. Other activities of later phases are dependent on 

these parts, for reason of overall coordination, technical scope or because they are essential for achieving 
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the target dates for the delivery of the second generation of Eurocodes. 

1.2 Procedure for the Development of Eurocode 3 

Fig. 2 shows the chosen approach for the revision and harmonization of Eurocode 3. The approach was 

scheduled at a dedicated meeting in Stuttgart in April 2010. Significant contributions to the work were 

made by the so-called ‘Working Groups’ (technical working groups, called ‘Evolution groups’ until March 

2014) which attend to the work of SC3 in scientific and technical terms regarding a specific part of Euro-

code 3. In the meantime, SC3 agreed to apply the same procedure (Fig. 2) for the development of technical 

changes and their establishment  in the new version of Eurocode 3. These agreed “amendments” are put 

into the “basket” for the time when the Project Team starts working and are implemented then in the new 

version. The Working Groups of SC3 have the important task to follow and advise on the work of the 

Project Teams.  

 

Fig. 2. Procedure for revision of Eurocode 3.  

Among the several Working Groups (WG) of SC3, WG1 is responsible for the basic part: EN 1993-1-1 

‘Eurocode 3: Design of steel structures – part 1-1: General rules and rules for buildings’ [2]. The current 

structure of Eurocode 3 has largely been kept (Table 1) with some modifications. Table 1 also indicates 

the responsible Working Groups for each individual standard. 

Table 1. Structure of Eurocode 3 on steel structures and responsible SC3 Working Groups.  

Part of Eurocode 3 Type Topic Working Group 

EN 1993-1-1 

Ge
ne

ra
l p

ar
ts 

General rules and rules for buildings WG1 

EN 1993-1-2 Structural fire design WG2 

EN 1993-1-3 Supplementary rules for cold-formed members WG3 

EN 1993-1-4 Stainless steels  WG4 

EN 1993-1-5 Plated structural elements WG5 

EN 1993-1-6 Strength and stability of shell structures WG6 

EN 1993-1-7 Plate assemblies with elements under transverse loads WG7 

EN 1993-1-8 Design of joints WG8 

EN 1993-1-9 Fatigue WG9 
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EN 1993-1-10 Material toughness and through-thickness properties WG10 

EN 1993-1-11 Design of structures with tension components WG11 

EN 1993-1-12  Additional rules for steel grades up to S960 WG12 

EN 1993-1-13  Steel beams with large web openings WG20 

EN 1993-1-14  Design assisted by finite element analysis WG22* 

EN 1993-2 
Ap

pli
ca

tio
n p

ar
ts 

Steel bridges WG13 

EN 1993-3 Towers, masts and chimneys WG14 

EN 1993-4-1 Silos  WG15 

EN 1993-4-2 Tanks WG16 

EN1993-5 Piling WG18 

EN 1993-6 Crane supporting structures WG19 

EN 1993-7 Design of sandwich panels WG21 

* before AHG FE 

The modifications to the structure of Eurocode 3 are as follows. The current content of EN 1993-1-12 on 

additional rules for the extension of EN 1993 up to steel grades S700 has been redistributed over the rele-

vant other parts of Eurocode 3 (since the application of these parts has been extended to high strength 

steel). Hence, the current version of EN 1993-1-12 could be withdrawn. However, SC3 decided to keep 

EN 1993-1-12 and adjusted its scope to capture high-strength steel grades up to S960. This activity is not 

within the frame of the mandate given by the EU, but will be finalized later when sufficient knowledge 

and experience has been collected. EN 1993-1-13 is a new part on steel beams with large web openings 

(e.g. cellular and castellated beams). The current draft has mainly been developed within the mandate as a 

special task and by a Project Team of CEN/TC250/SC4 responsible for steel-concrete composite construc-

tion. Moreover, EN 1993-1-14 is a new part on the design assisted by finite elements, which is intended to 

facilitate a wider use of finite element analysis in the design of steel structures in the future. Here, first an 

Ad-Hoc-Group Finite Elements (AHG FE), that consisted of members of various Working Groups of SC3, 

developed a first draft, primarily transferring rules from other parts of Eurocode 3 such as Annex C of EN 

1993-1-5 to this general part. In the meantime, a separate, dedicated Working Group WG22 has been set 

up to deal with the drafting of this standard. Furthermore, the current parts EN 1993-3-1 on masts and 

towers and EN 1993-3-2 on chimneys have been merged into one EN 1993-3 thus avoiding the overlap in 

the content of the current two parts. In addition, a new part EN 1993-7 on the design of sandwich panels 

will be integrated into the framework of Eurocode 3. The principal distinction between general parts 

grouped in the various sub-parts of EN 1993-1 and the application parts found in EN 1993-2, EN 1993-3, 

etc. has proven to be useful and will be maintained. General parts contain design rules applicable to all 

types of structures while application parts contain design rules for a specific type of structure.  

Table 2. Tasks of Mandate M/515 concerning Eurocode 3 and relevant Project Teams.  

Task-Ref. Task-Phase Corresponding Part of EN 1993 Task-Name 

SC3.T1 1 EN 1993-1-1 Design of Sections and Members according to EN 1993-1-
1 

SC3.T2 1 EN 1993-1-8 Joints and Connections according to EN 1993-1-8 

SC3.T3 2 EN 1993-1-3 Cold-formed members and sheeting – Revised EN 1993-1-
3 
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SC3.T4 2 EN 1993-1-5 Stability of Plated Structural Elements – Revised EN 1993-
1-5 

SC3.T5 2 EN 1993-1-6, EN 1993-1-7 Harmonisation and Extension of Rules for Shells and Simi-
lar Structures – Revised EN 1993-1-6 and EN 1993-1-7 

SC3.T6 2 EN 1993-1-2 Fire design of Steel Structures – Revised EN 1993-1-2 

SC3.T7 3 EN 1993-1-4 Stainless Steels – Revised EN 1993-1-4 

SC3.T8 3 EN 1993-1-9 Steel Fatigue – Revised EN 1993-1-9 

SC3.T9 3 EN 1993-1-10 Material and Fracture – Revised EN 1993-1-10 

SC3.T10 4 EN 1993-2, EN 1993-1-11 Steel bridges and tension components – Revised EN 1993-
2 and EN 1993-1-11 

SC3.T11 4 EN 1993-3 Consolidation and rationalisation of EN 1993-3 

SC3.T12 4 EN 1993-4 Harmonisation and Extension of Rules for Storage Struc-
tures – Revised EN 1993-4-1 and EN 1993-4-2 

SC3.T13 4 EN 1993-5, EN 1993-6 Evolution of existing parts of EN 1993 not included in the 
other parts. Revised EN 1993 -5, -6 -[1-12, -4-3]* 

* These parts are not revised. 

Thirteen tasks pertaining to the twenty parts of Eurocode 3 were defined within the mandate (Table 2). The 

technical content of these tasks was developed as so-called ‘Project Proposals’. This involved both close 

collaboration with the convenors of the respective ‘Working Groups’ and coordination within SC3. Each 

task is handled by a dedicated Project Team. EN 1993-1-1 and EN 1993-1-8 are the most general and basic 

parts of Eurocode 3. Various issues must thus be harmonised with other parts of the standard. Part 1-1 and 

1-8 are therefore part of the first phase of the mandate. Furthermore, four SC3 tasks, most of them dealing 

with stability, are assigned to the early phase 2 of the mandate. The material-specific parts of Eurocode 3, 

e.g. EN 1993-1-4 and EN 1993-1-10 are assigned to phase 3, while in phase 4 of the mandate primarily the 

application parts, such as e.g. EN 1993-2 for steel bridges, are covered.  

1.3 Development of Eurocode 3 Design of Steel Structures Part 1-1 – General Rules 
and Rules for Buildings  

The Working Group TC250/SC3/WG1 is responsible for the basic part EN 1993-1-1. The group worked 

on several technical topics to improve this part of Eurocode 3, resulting in approved and accepted amend-

ments that were later adopted by the Project Team SC3.T1 responsible for drafting the new version of EN 

1993-1-1 under mandate M/515. The work done by SC3.T1 needed the approval of SC3. On behalf of SC3, 

WG1 monitored the work done by SC3.T1, but final decisions on the content of the next version of EN 

1993-1-1 were made by SC3. SC3.T1 completed its work by the end of June 2018 and delivered a draft for 

the next version of EN 1993-1-1. Subsequently, SC3 developed and approved some further modifications 

to the text, resulting in the technical content of prEN 1993-1-1 [3] being fixed in December 2019 in order 

to be sent to the formal procedure of “CEN Enquiry”.  

Several basic modifications to EN 1993-1-1 were decided in SC3 already at an early stage. For example, 

pursuing an improved ‘ease of use’, SC3 decided not to include extensive information on elastic critical 

buckling forces, buckling lengths and elastic critical lateral torsional buckling moments, which are neces-

sary when applying the buckling design rules. Inclusion of this information would lead to EN 1993-1-1 

having partially the character of a textbook on applied mechanics, which is not desirable in a design code. 

Instead, it was decided to draft and establish a Technical Report on these same subjects. Work is in progress 

on the Technical Report, CEN/TR 1993-1-103 “Eurocode 3 - Design of steel structures - Part 1-103: Elastic 
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critical buckling of members” [4], which will contain verified and accepted solutions for elastic critical 

buckling. 

In order to avoid informative annexes with an unclear status, some relevant content of the original informa-

tive annexes in EN 1993-1-1 has been shifted to the main text or transferred to other places. With respect 

to the informative annexes in EN 1993-1-1, the following decisions were made within SC3: 

− Currently two methods for beam-column design are present in EN 1993-1-1: “Method 1” defined by 

the interaction coefficients of Annex A and “Method 2” defined by the factors in Annex B. Since the 

rules for the application of Annex B have been developed further over the last decade and now have 

a wider scope, only “Method 2” was kept in the revised code, thus avoiding alternative design rules 

for the same phenomenon. The content of Annex B has thus been integrated into the main text. 

“Method 1” and Annex A have been transferred to a Technical Specification: “CEN/TS 1993-1-101 

Eurocode 3 - Design of steel structures - Part 1-101: Alternative interaction method for members in 

bending and compression” [5] to allow for the continued use of these rules – which was relevant for 

the countries that have traditionally chosen to use Annex A exclusively. 

− Annex AB.1 contains clauses on how to perform the structural analysis in case of taking into account 

material non-linearities and is moved to the main text. Furthermore, Annex AB.2 on load arrange-

ments for continuous floor beams was removed, since it is a clause on loading, belonging to a different 

part of the Eurocodes. These two actions make Annex AB superfluous.  

− Annex BB.1 on elastic flexural buckling in lattice structures has been moved to the Technical Report 

CEN/TR 1993-1-103. Annex BB.2 on restraint stiffness has been made normative. Annex BB.3 on 

the stable length method for lateral torsional buckling has limited use throughout all countries using 

the Eurocode and is therefore omitted. 

One general change concerns the structure of the different sections (chapters). This change was obligatory 

for all new Eurocodes. To understand the correspondence between the current EN 1993-1-1 [2] and the 

future version as given in the draft prEN 1993-1-1:2020  [3] the list of contents is presented in Table 3 and 

Table 4 for both of them. As an obvious change, it may be noted that section 2 ‘Normative references’ and 

section 3 ‘Terms, definitions and symbols’ have been inserted, leading to a renumbering of the following 

sections by 2.  

Table 3. Content and Sections of current EN 1993-1-1 [2]. 

Foreword 

1 General 

2 Basis of Design 

3 Materials 

4 Durability 

7 Structural Analysis 

8 Ultimate Limit States 

9 Serviceability Limit States 

Annex A [informative] Method 1: Interaction factors kij for interaction formula in 6.3.3(4) 

Annex B [informative] Method 1: Interaction factors kij for interaction formula in 6.3.3(4) 

Annex AB [informative] Additional design provisions 

Annex BB [informative] Buckling of components of building structures 
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Table 4. Content and Sections of prEN 1993-1-1:2020 [3]. 

European Foreword 

Introduction 

1 Scope 

2 Normative references  

3 Terms, definitions and symbols 

4 Basis of Design 

5 Materials 

6 Durability 

7 Structural Analysis 

8 Ultimate Limit States 

9 Serviceability Limit States 

10 Fatigue 

Annex A [normative] Selection of Execution Class  

Annex B [normative] Design of semi-compact sections 

Annex C [normative] Additional rules for uniform members with mono-symmetric cross-sections and for members in 
bending, axial compression and torsion 

Annex D [normative] Continuous restraint of beams in buildings 

Annex E [informative] Basis for the calibration of partial factors 

 

Regarding Part 1-1 of Eurocode 3, the time frame is the following. As of December 2019, about a year is 

required for a first round of editing, translation and review, to be followed by another round of about half 

a year ending about mid-2021. In the second half of 2021, EN 1993-1-1 goes to the NSBs for final trans-

lation and fitting it into the national building legislation and for developing the National Annexes. Publi-

cation and implementation are then expected for early 2023. This time frame more or less holds for all 

Eurocode parts in phase 1.  

This article focuses on member stability design rules in the prEN 1993-1-1:2020. In the following section 

2 of the article, the basis for the calibration of partial factors for member stability design rules is explained. 

The need to account for the scatter of the material properties and the dimensions of the cross-sections is 

thereby discussed. Section 3 treats the introduction of new and more economic design rules for semi-com-

pact cross-sections and their implications for the member stability design rules. In section 4, it is explained 

how the different methods of global analysis allowed by Eurocode 3 relate to the member stability checks. 

Furthermore, this section provides information on the use of imperfections in global analysis. New design 

methods for lateral torsional buckling are treated in section 5. Finally, section 6 mentions some further 

developments and innovations in prEN 1993-1-1:2020. 

2 Basis for the calibration of partial factors  

2.1 General 

Construction is a safety-critical activity [6], hence requiring regulation and strict verification procedures. 

As the accepted risk is very low (see [7]), the consequences of inappropriate choices of the safety level in 
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design verifications may take some time to result in dramatic consequences that finally lead to the enforce-

ment of corrective measures. Despite the enormous work that was put in the development of the first gen-

eration of Eurocode 3 (2005) (EN-version) [2] and the wide past proven experience that it incorporates, 

Eurocode 3 combines a very large number of design rules that evolved over many decades of extensive 

research work, and its safety level is not necessarily uniform across the various design rules and even not 

within a single design rule. In addition, the continuous push towards more economical solutions coupled 

with the systematic enlargement of the limits of application of the design rules, also contributes towards 

the need for reassessment of the safety level. Typical examples are the new steels that are continuously 

being introduced for structural applications, with different material properties, residual stress patterns, and 

weldability as well as new challenging structural systems. 

In the past, several reliability assessments were carried out, e.g. in the research projects [8] and [9], which 

aimed at the justification of the partial factors used in Eurocode 3. More recently, the SAFEBRICTILE 

project [10] intended to contribute towards the harmonization of the reliability level of design rules for 

steel structures covering modes driven by ductility, stability and fracture. The project provided an objective 

and consistent safety assessment procedure for the various failure modes that are relevant for steel struc-

tures. It also recommended statistical distributions of the relevant basic variables, which were collected 

continuously during the project in a database of steel properties, further included in Annex E in [3]. 

Finally, in the last years there is a trend towards the validation of the Eurocode rules for high strength steel 

(HSS). Several projects were carried out, HILONG [11], HSS-REF [12], HITUBES [13], RUOSTE [14], 

STROBE (ongoing) which studied several aspects regarding HSS. This increased knowledge led to the 

inclusion of steel grades up to S700 to be included in the main text of EN 1993-1-1. 

2.2 New Annex E: Basis of the calibration of partial factors 

During the development and validation of new design rules for the second generation of EN 1993-1-1, the 

necessity to follow a standardized procedure for the assessment of the reliability level of the implemented 

design rules, with a uniform set of agreed-upon values for the statistical distributions of the mechanical 

and geometric properties of European steel products, became apparent. In order to make the agreed-upon, 

underlying values available to the various national and European standardization bodies in a direct and 

public manner, it was thus decided to include a new, informative Annex E in prEN 1993-1-1:2020 [3], 

which – for the first time – directly states which assumptions were used in the determination of the recom-

mended values of the partial factors γM. As stated, the intended users of this Annex are mainly the national 

standardization bodies, which are responsible for structural reliability in general and thus for the setting of 

the various NDPs in Eurocode 3, for which the values of the partial factors γM represent one of the most 

prominent examples. In addition, this Annex should provide background information both to steel produc-

ers and to the users of steel construction products, allowing for the verification of production values with 

respect to their alignment with the mentioned assumptions, if this is desired. It needs to be stressed, how-

ever, that this standard is not intended for direct use in design, and no conclusions can be drawn directly 

from it that concern individual products or structures.  

The background for the recommended values of γM0, γM1 and γM2 in prEN 1993-1-1:2020 [3] was developed 

primarily over the course of the three-year project SAFEBRICTILE, which was financially supported by 

the European Commission through the Research Fund for Coal and Steel (RFCS) [10]. In this project, a 

large number of existing and new design rules in prEN 1993-1-1:2020 were analysed with respect to the 

required values of γM for compliance with the reliability levels prescribed by EN 1990 and for consistency 

throughout failure modes, from ductile to brittle ones.  

Within the scope of SAFEBRICTILE, data for material and geometrical properties was systematically 

collected. This collection aimed at providing reliable data for the application of the reliability assessment 
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performed within the project. The data was gathered in a “European database”, one of the published out-

comes of the project. It also collected data from previous collections in order to increase the data pool. 

The collection of data aimed to attract contributions coming from different industries. In particular, focus 

was given to steel profiles and plates in different steel grades fabricated in 2013 and 2014. During the 

project, data was also collected from other sources such as, coupon tests performed at universities around 

Europe. These tests serve for independent comparison with the results which were supplied by the steel 

producers, as the steels tested at the university laboratories are supplied by random producers. Data was 

also collected from the literature: (i) a collection in [15] that comprised a large amount of tests (7454 

coupon test results) dating between 1996 and 2007 for steel grades S235, S275, S355, S460 and S690; (ii) 

data collected within the framework of the European project OPUS that comprises a large amount of data 

(25425 coupon test results) tested between 2007 and 2010 for steel grades S235, S275, S355, S460. 

Based on the collected data, recommendations for the distributions of the material properties were specified 

and used in the assessment of design rules carried out in SAFEBRICTILE. For the purposes of the assess-

ment of the required partial factors, log-normal distributions were assumed. The values were finally also 

included in Annex E of prEN 1993-1-1:2020. A simplified version of this data is reproduced in Table 5 for 

the yield strength fy as the most important mechanical property and in Table 6 for some selected geomet-

rical properties. 

Table 5. Assumed variability for the yield strength ReH. 

Steel ReH,min = fy,nom ReH,mean / ReH,min CoV X5% fractile / ReH,min X0,12% fractile / ReH,min 

S235 235 N/mm2 1.25 5.5% 1.14 1.06 

S355 355 N/mm2 1.20 5% 1.11 1.03 

S460 460 N/mm2 1.15 4.5% 1.07 1.00 

 

Table 6. Assumed variability for geometrical properties of I- and H-sections. 

Dimension b h tw tf 

mean/nom 1 1 1 0.975 

CoV 0.9% 0.9% 2.5% 2.5% 

X5%/Xnom 0.98 0.98 0.96 0.95 

X0,12%/Xnom 0.97 0.97 0.93 0.91 

 

The tables contain the following statistical parameters for the most relevant mechanical (prEN 1993-1-1, 

Table E.1) and geometric (Table E.2) properties: mean values (normalized by the nominal values), coeffi-

cients of variation (CoV), the 5% fractile (X5%-value) and the 0,12% fractile (X0,12%-value). For the future 

users of prEN 1993-1-1:2020, the following two points are of most interest:  

1. The statistical parameters for the mechanical properties in Table E.1 (excerpted in Table 5 of 

this paper), in particular the yield strength and the tensile strength, show that a significant “sta-

tistical over-strength” is present for most common steel grades, with mean values that are signif-

icantly higher than the nominal (i.e. minimum guaranteed) values and low scatter. This explains 

the comparatively low values of the partial factors γM0 and γM1. For example, for the steel grade 

S355 it was found (on the basis of the collected data), that the average yield strength ReH is 20% 
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higher than the minimum, guaranteed value ReH,min mentioned in the production standard 

EN10025, and that the CoV is 5%.  

2. At the same time, the values in Table E.2 (excerpted in Table 6 of this paper) show that the 

geometric properties must generally be assumed to scatter fairly narrowly around a mean value 

that corresponds quite accurately to the nominal geometric values, with some values (such as the 

flange thickness of I- and H-sections) falling on average slightly below the nominal value. This 

means that the geometric dimensions can regularly be found to be slightly smaller than the nom-

inal values assumed in calculation – a fact that needs to be considered and covered by the spec-

ified partial factors.  

The X5% and X0,12% fractiles contained in Tables E.1 and E.2 of prEN 1993-1-1:2020 may mainly be used 

by producers of steel construction products to verify the compatibility of their production statistics with 

the basic assumptions underlying the recommended values of γM in the standard. These fractile values 

serve the purpose of “anchor points” for lower portions of the scatter band of geometric and mechanical 

properties, which are of course the most relevant for the determination of design resistances. While the 

evaluation procedure in EN 1990 Annex D that was used to determine values of γM in the SAFEBRICTILE 

project makes use of the assumption of log-normal distributions of the input parameters, this must not 

necessarily be the case in real production data. However, the lower portion of the statistical distribution is 

not particularly sensitive to the shape of the actual histogram of production values. For this reason, it is 

more accurate and straightforward to verify a given production dataset for its compatibility with Annex E 

by checking whether these fractile values are exceeded. This methodology is schematically illustrated in 

Fig. 3. As can be seen in the figure, statistical distributions in which both the X5% and X0,12% fractiles are 

shown to exceed the minimum values specified in Tables E.1 and E.2 of Annex E can directly be consid-

ered to be compatible with the assumptions of the Annex. If this is not the case, additional checks and 

considerations may become necessary.  

 

Fig. 3. Schematic representation of the verification procedure for production data for compatibility with Annex E.  

Finally, it should be stressed once more that Annex E is intended to have an informative character and 

should primarily be considered by code committees and building authorities when determining the nation-

ally prescribed values of the partial factors for the application of Eurocode 3, as well as by steel producers 

for the verification of their production statistics. However, it is intended to further deepen the direct link 

between steel production requirements and design rule development over the course of upcoming, addi-

tional standardization work to be undertaken at the level of the CEN committees TC250/SC3 (Eurocode 
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3) and TC459/SC3 (steel products). Annex E of prEN 1993-1-1:2020 provides a suitable basis for this 

work. 

3 Classification and semi-compact sections  

3.1 Classification of cross sections 

In Eurocode 3, the class of a cross-section is a decisive parameter for the verifications of the cross-section 

and the member. It may also affect the type of global analysis of the structure (elastic or plastic). Recent 

studies [16] have shown that limits of the width-to-thickness ratios for internal compression parts need to 

be modified in order to keep a partial factor equal to 1.0 and to reach the reliability level required by the 

Eurocodes. These studies were based on results of experimental tests and numerical simulations. 

In EN 1993-1-5, the effective width of the compression part has to be calculated when the relative slen-

derness of this part is higher than a certain slenderness limit but the relative slenderness calculated using 

the width-to-thickness limits for Class 3 given in EN 1993-1-1 does not exactly correspond to this slender-

ness limit. With the new limits for the classification, the consistency between these two parts of Eurocode 

3 is ensured. For example, for a uniform internal compression part, the limit of the width-to-thickness ratio 

between Class 3 and 4 is currently equal to 42 ε, with material parameter ε = �235 f𝑦𝑦⁄ . In EN 1993-1-5, 

the limit of the relative slenderness is equal to 0.673. This value is obtained for a width-to-thickness ratio 

equal to about 38 ε which is the new limit for Class 3 in this case (see Fig. 4). These changes also provide 

a better consistency with EN 1993-1-3. 

 

Fig. 4. Reduction curve for an internal compression part under uniform compression for ε = 1 (fy = 235 N/mm2) according to EN 1993-

1-5. 

The main changes of the maximum width-to-thickness ratios are given in Table 7 for bending and uniform 

compression. For parts under bending and compression, the expressions are updated accordingly. The lim-

its for outstand flanges remain unchanged.  

Table 7. Evolution of the maximum width-to-thickness ratios for internal compression parts. 

 Internal part in bending Internal part in uniform compression 

 EN 1993-1-1 prEN 1993-1-1:2020 EN 1993-1-1 prEN 1993-1-1:2020 

Class 1 72 ε 72 ε 33 ε 28 ε 

Class 2 83 ε 83 ε 38 ε 34 ε 
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Class 3 124 ε 121 ε 42 ε 38 ε 

 

3.2 Design of semi-compact sections 

The differentiation between cross-sectional classes (1 to 4) is rendered necessary by the differences in the 

susceptibility towards local buckling of members and sections composed of plated parts with different 

widths in relation to their thicknesses (c/t ratios) and thus dissimilar abilities to form plastic hinges and 

reach the full-plastic cross-sectional strength. For example, while beams with cross-sections of Class 1 and 

2 can reach the full plastic moment capacity in bending, beams with cross-sections in Class 4 will fail in 

local buckling before the nominal yield strength is reached. Class 3 sections are defined as the range of 

sections which falls in between these two limit cases. According to the currently valid EN 1993-1-1, Class 

3 sections may only be designed using elastic stress distributions with the yield strength as highest stress 

value. Naturally, this leads to a discontinuity in the definition of strength at the border between Class 2 and 

3, see Fig. 5. This discontinuity can be particularly pronounced in the case of I-sections in weak-axis bend-

ing.  

 
Fig. 5.  Schematic representation of the cross-sectional resistance of I-sections in bending as a function of the local, geometric plate 

slenderness c/t; discontinuity at the border between Class 2 and 3.  

This discontinuity is not observable in tests and cannot be justified mechanically. The limitation to elastic 

stress distributions over the cross-section with the yield strength as limit is thus a conservative, quite sim-

plified convention, which is furthermore also unable to correctly reflect the behaviour of sections in bend-

ing and compression that reach the yield stress on the tensile side before forming buckles on the compres-

sion side.  

In order to improve the design outcome for Class 3 sections of standard, doubly symmetric shape (I- & H- 

sections, square and rectangular hollow sections), a new set of design equations was developed and vali-

dated over the course of two EU-RFCS projects, SEMI-COMP [16] and SEMI-COMP+ [17]. The design 

rules that formed the outcome of this project were integrated in the new prEN 1993-1-1:2020, in a dedi-

cated Annex B.  

The design method of this standard was developed in the SEMI-COMP projects through an extensive 

physical and numerical test campaign and through the calibration of the design proposals to the reliability 

requirements of EN 1990. In the developed design rule, a simple linear transition of the cross-sectional 
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strength is introduced between the Class 2/3 and Class 3/4 limits, which is used to determine a linearly 

interpolated bending strength for either of the two main axes of bending. This simple rule leads to an easy 

application and the possibility to provide dedicated values of the elastic-plastic transition bending re-

sistance Mep,Rd in form of tables, if desired. In the case of combined bending and compression, functions 

similar to the familiar expressions for the plastic resistance of Class 1 and 2 sections are provided in Annex 

B, which allow designers to determine the resistance of the (“semi-compact”) Class 3 sections for these 

load cases. Fig. 6 illustrates the various steps needed in the method of Annex B to determine the design 

resistance of doubly symmetric Class 3 sections under compression and bending about both axes. 

 

Fig. 6.  Schematic representation the design method for semi-compact (Class 3) sections in prEN 1993-1-1:2020, Annex B.  

At the transition from Class 2 to 3, some remaining inconsistencies may be found in cases with relatively 

small compressive forces, since the method requires an immediate reduction of the bending capacity even 

for very small compressive forces, while this is not the case in the existing rules for Class 2 sections. 

Furthermore, some small, remaining discontinuities may persist at the border between Class 3 and 4. Both 

remaining discrepancies are however much smaller than currently in EN 1993-1-1. Thus, through the use 

of the new rules for semi-compact (Class 3) doubly symmetric sections in Annex B, significant reserves in 

strength can be exploited for many practically relevant load scenarios. 

In addition to being used directly in cross-sectional checks, the new rules for semi-compact (Class 3) sec-

tions may also be used in the member buckling checks as presented in section 8.3.3 of prEN 1993-1-1:2020. 

In this case, the interaction coefficients that apply to plastic (Class 1) and compact (Class 2) sections may 

also be applied to semi-compact sections. The only difference in the application of the interaction formulae 

for the member buckling checks is that the bending resistances Mep,Rk for the y-y and z-z axis are used 

instead of the full plastic capacities. As was stated above, these resistance values are very simply calculated 

through interpolation and may be provided in the form of tables for standardized sections, thus making 

their use as straightforward as the more familiar elastic and plastic cross-sectional resistances. 

In summary, the new cross-sectional resistances for doubly symmetric Class 3 sections given in Annex B 

of prEN 1993-1-1:2020 allow for a more economic and mechanically consistent design of these common 

sections, both in the cross-sectional verification itself and in the member buckling checks, without unduly 

increasing the complexity of the design task. It should finally be noted that the method is only an alternative 

to the traditional design with elastic cross-sectional capacities, which of course remains valid for all types 

of cross-sections. 

4 Structural analysis  

4.1 Methods of analysis for ultimate limit state design checks 

4.1.1 Structural analysis - changes 

The original section 5 Structural analysis in EN 1993-1-1 [2] has caused a lot of questions and misunder-

standings in the past. For the sake of clarity, the new section 7 Structural analysis in the draft prEN 1993-

1-1:2020 [3] has therefore been completely restructured while largely retaining the same content. Within 
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the framework of the development of the second generation of part 1-1 of Eurocode 3, it became apparent 

that there are different understandings between engineers of European countries, often based on different 

traditional approaches. In some cases, it was possible to harmonise these different views; in others, more 

detailed differentiation resulted. The latter ensure that in each country the accustomed way of implement-

ing structural analysis can be continued in the future.  

Fig. 7.  Methods of structural analysis applicable to ultimate limit state design checks. 

A flow chart has been added to section 7 of prEN 1993-1-1:2020, see Fig. 7. It constitutes an important 

tool that clearly connects the type of structural analysis and the choice of imperfections with the way of 

verification of the member resistance in the Ultimate Limit States. Starting from the original clause 5.2.2 

(3) in EN 1993-1-1 [2], which describes the 3 main procedures possible, namely: considering second order 

effects and imperfections  

a) totally in the global analysis, 

b) partially in the global analysis and partially through individual stability checks of members, or  

c) through individual stability checks of equivalent members,  

six different methods of analysis have been defined. The choice of the methods is clearly built on certain 

decisions concerning the need of considering second order effects, see 4.1.2. And – as a big advantage in 

view of design practice – the list of methods starts with the simplest case that a first order analysis suffices 

(Method M0). In addition, the case of lateral torsional buckling is considered more consequently compared 

with the current EN 1993-1-1. 

4.1.2 Criteria for consideration of second order effects 

The criteria for the consideration of second order effects (cl. 7.2.1 in prEN 1993-1-1:2020) on the global 
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analysis, the rules for methods of structural analysis as a function of the verification methods in the Ulti-

mate Limit States (cl. 7.2.2) and rules for imperfections (cl. 7.3) are key components of the revised section 

on the structural analysis. 

 

 

                 (a) Frame with a member buckling mode (non-sway)                             (b) Frame with a global buckling mode (sway) 

Fig. 8. Buckling modes of frames. 

The draft prEN 1993-1-1:2020 contains two criteria for the decision whether second order effects should 

be taken into account or not. The first criterion (eq. (1)) looks at non-sway member buckling modes, see 

Fig. 8. Hence, second order effects due to in-plane or out-of-plane member buckling may be neglected for 

the global analysis if the criterion is satisfied. The k0 value is a National Determined Parameter (NDP) that 

can be specified by the national standardization bodies of the different countries. The recommended value 

is 25.  

𝛼𝛼𝑐𝑐𝑐𝑐,𝑛𝑛𝑛𝑛 =
𝐹𝐹𝑐𝑐𝑐𝑐,𝑛𝑛𝑛𝑛

𝐹𝐹𝐸𝐸𝐸𝐸
≥ 𝑘𝑘0 (1) 

where Fcr,ns is the minimum elastic critical flexural buckling load for either the in-plane or out-of-plane 

member (non-sway) buckling mode; FEd is the design load on the structure; and αcr,ns is the factor by which 

the design load would have to be increased to cause elastic instability in the in-plane or out-of-plane mem-

ber (non-sway) buckling mode. 

The second criterion (eq. (2)) was established to check whether first order analysis may be used for the 

determination of the in-plane sway bending moments, see Fig. 8. The compliance with this criterion im-

plicitly assumes that the increase of the internal forces and moments due to sway second order effects is 

not more than 10% of the original internal forces and moments according to first order theory. 

𝛼𝛼𝑐𝑐𝑐𝑐,𝑛𝑛𝑠𝑠 =
𝐹𝐹𝑐𝑐𝑐𝑐,𝑛𝑛𝑠𝑠

𝐹𝐹𝐸𝐸𝐸𝐸
≥ 10 (2) 

where Fcr,sw is the elastic critical in-plane flexural buckling load for a global (sway) buckling mode; and 

αcr,sw is the factor by which the design load would have to be increased to cause elastic instability in a 

global, in-plane (sway) mode. 

The distinction between non-sway (ns = non-sway) and sway (sw = sway) buckling modes became neces-

sary since in many countries different criteria are used for the two cases. Stability failure of the individual 

members are taken into account from an influence of 1/25 or 4% (according to the recommended value of 

25 of the NDP); the sway buckling mode from 1/10 or 10% difference between the internal forces and 

moments according to first and second order theory. Background information on the criteria is provided in 

[18]. 

The former criteria refer to in-plane or out-of-plane flexural buckling modes. Torsional buckling, torsional-

flexural and lateral-torsional buckling are not considered. However, in contrast to the current EN 1993-1-

1 [2], cl. 7.2.1(6) of the draft prEN 1993-1-1:2020 [3] specifies criteria for omitting lateral-torsional buck-

ling checks. These criteria refer to typical cases given in engineering practice: 
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− Cross-sections with high torsional stiffness, i.e. structural hollow sections and welded box sections. 

− Mono-symmetric or doubly symmetric cross-sections that are only subject to weak axis bending mo-

ments. In this case, the destabilizing forces in the flanges of the sections balance each other and no 

stability effect results from the bending moment. 

− In case of sufficient restraint to the compression flange. In this case, no lateral displacement of the 

compression flange is possible, which typically occurs with lateral torsional buckling. The criteria 

provided in Annex D or prEN 1993-1-1:2020 [3] can be applied to check, whether the restraint is 

sufficient to prevent lateral-torsional buckling. The criteria of the annex do not only refer to lateral 

but also to sufficient torsional restraints. These stiffness criteria may usually be applied to beams in 

building structures. 

− When the limit slenderness for susceptibility to lateral torsional buckling is not exceeded. Up to a 

certain limit value for the relative slenderness λ�LT for lateral torsional buckling, the reduction factor 

χLT according to cl. 8.3.2.3(1) of prEN 1993-1-1:2020 [3] is 1.0, i.e. the buckling resistance Mb,Rd of 

a member does not have to be reduced and there is no effect of lateral torsional buckling on the re-

sistance under pure bending moments. According to prEN 1993-1-1:2020, cl. 8.3.2.3 the limit of the 

relative slenderness λ�LT,0 of 0.2, which is the value determined from the buckling curves, may be 

increased to 0.4 under certain conditions. 

In principle these cases refer to pure bending. For the rare case of torsional or torsional-flexural buckling 

no criteria exist and also no generally accepted method of second order analysis. In these cases, a verifica-

tion of the structural member according to cl. 8.3.1.4 of prEN 1993-1-1:2020 [3] is required. 

4.1.3 Methods of analysis 

The list of methods of analysis, see Fig. 7, starts with the simplest case that a first order analysis suffices 

(Method M0). In that case, both criteria for the member (non-sway) buckling mode and for the global 

(sway) buckling mode, equations (1) and (2), are fulfilled. The same applies for the case of Method M1; 

the only difference is that a lateral torsional buckling verification according to cl. 8.3 in prEN 1993-1-

1:2020 [3] is necessary.  

Method M2 refers to structural systems as shown in Fig. 8a, where the sway buckling mode is prevented 

by any kind of fixations such as concrete stair cases or bracings. Hence, only member (non-sway) buckling 

modes have to be considered in the verification of the individual members according to cl. 8.3 in prEN 

1993-1-1:2020. Nevertheless, a sway imperfection should be considered in the structural analysis, see 

4.1.2, which is different from some common use of today. 

Methods M3 and M4 belong to design situations, where both criteria fail according to equation (1) and (2). 

Consequently, a “mixed” procedure according to EN 1993-1-1, 5.2.2(3) case b) is applied: consideration 

of second order effects and imperfections partially by the global analysis and partially through individual 

stability checks of members. The two methods differ according to the extent of second order analysis. The 

in-plane analysis of Method M3 considers only the global second order effects and imperfections, but may 

assume the internal forces and moments between the member ends according to first order theory. How-

ever, Method M4 covers both, global and member second order effects and imperfections for the in-plane 

analysis. This latter procedure allows to restrict the application of the member check to the Formula (8.89) 

in prEN 1993-1-1:2020 [3] (similar to (6.62) of EN 1993-1-1) representing the out-of-plane member buck-

ling verification, usually on the “weak” axis of the cross section including lateral torsional buckling. 

The most complex method is M5. All in-plane and out-of-plane second order effects, including torsional 

effects, and global (sway) imperfections and in-plane and out-of-plane local bow imperfections are ac-

counted for in the analysis according to this method. Only a cross-sectional check according to cl. 8.2 in 

prEN 1993-1-1:2020 [3] with second order internal forces and moments is necessary for verification. 
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The complexity increases from method M0 to M5, but the basis of all approaches is identical. This is not 

the case with the “Equivalent Member method” (EM), which is an independent and alternative method. 

This traditional method also covers the global sway buckling mode by applying an effective buckling 

length for the stability member check, using only first order internal forces and moments. Imperfections 

are not explicitly considered in the structural analysis, see also EN 1993-1-1 [2], 5.2.2 (3) c) and (8). The 

limitations of this method are discussed in various textbooks and commentaries, such as [19]. 

The different methods of analysis M0 to M5 and EM were not newly developed. These methods are already 

common practice within the framework of the current version of EN, but the application of the methods 

sometimes remains unclear. Therefore, the novel systematic approach and the definition of the different 

methods of analysis markedly enhance clarity and ease of use. Another part of Eurocode 3, prEN 1993-1-

3:2019 Supplementary rules for cold-formed members and sheeting [20], has also started to define its 

methods of analysis in the same way so that not only more clarity but also more harmonization will be 

reached. 

4.2 Imperfections 

4.2.1 General 

prEN 1993-1-1:2020, cl. 7. 3. 1(5) considers various kinds of imperfections: 

− sway imperfections for global analysis of frames (cl. 7.3.2 and 7.3.4 of prEN 1993-1-1:2020); 

− bow imperfections for global and member analysis (cl. 7.3.3 and 7.3.4); 

− imperfections for analysis of bracing systems (see cl. 7.3.5); 

− imperfections based on elastic critical buckling modes (see cl. 7.3.6). 

In particular, the first two are of great relevance in connection with the structural analysis and the methods 

M0 to M5 described above. The structural analysis according to the methods M2 to M5 considers sway 

imperfections. The methods M4 and M5 additionally considers bow imperfections. This is basically con-

gruent with the current procedure of EN 1993-1-1 [2]. However, the calculation of the imperfections has 

changed in the draft prEN 1993-1-1:2020 [3] and is explained in the following sections. 

4.2.2 Sway imperfections for global analysis of frames 

There are two main changes compared to the current rules. Firstly, the basic value is now given as a func-

tion of the method used for the verification of cross-sections and members, i.e. elastic resistance or plastic 

resistance. And secondly, the limit for the reduction factor αH for height is changed. 

The design of steel structures must consider equivalent geometric imperfections if the plastic capacity of 

the cross-sections is utilized. In addition to the pure geometric imperfections, the effect of other influences 

is also taken into account, essentially those of residual stresses and plastic deformations due to internal 

forces and moments. Hence, smaller values of the sway imperfections are sufficient for a structural analysis 

and design according to the theory of elasticity, i.e. if the plastic capacity of the cross-sections is not uti-

lized. In addition to the basic value Φ0 = 1/200 for the equivalent geometric imperfection of the current 

standard, the draft prEN 1993-1-1:2020 contains an additional basic value of pure geometric imperfection 

of Φ0 = 1/400 that can be applied if the cross-sectional capacity is computed based on elastic theory. The 

basis of these values are measurements [21], [22], [23], [24] and numerical simulation studies [25], [26]. 

Details and background of the values are summarized in [19]. 

The current EN 1993-1-1 considers a minimum limit value of the height reduction factor of 2/3. This limit 

resulted from the original request for a uniform definition of sway imperfections in Eurocode 2 and Euro-

code 3. In the draft prEN 1993-1-1:2020, the limit value has now been waived based on the measurement 

results in [23], [24]. 
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4.2.3 Bow imperfections for global and member analysis 

The results of numerical simulations [27] showed the need for the adjustments for bow imperfections for 

global and member analysis. The current values of the bow imperfections of EN 1993-1-1 are based on 

investigations on centrically loaded members. The effect of combined axial forces and bending moments 

and the associated pronounced spreading of the yield zones and stiffness degradation have not been taken 

into account so far and may cause unconservative design results. Moreover, the current values have been 

established for steel grades up to S460. Therefore, novel rules for bow imperfections have been imple-

mented in the draft prEN 1993-1-1:2020. These rules consider steel grades up to S700 and differentiate, 

first, between buckling about the y-y and the z-z axis, and secondly, whether the plastic or elastic resistance 

of the cross-section is utilized for the cross-section verification. Table 8 gives the reference relative bow 

imperfection β used to compute the equivalent bow imperfection e0 according to eq. (3). 

Table 8. Reference relative bow imperfection β. 

Buckling about axis Elastic cross-section verification Plastic cross-section verification 

y-y 1/110 1/75 

z-z 1/200 1/68 

 

𝑒𝑒0 =  
𝛼𝛼
𝜀𝜀 ∙ 𝛽𝛽 ∙ 𝐿𝐿 (3) 

where L is the member length; α is the imperfection factor, depending on the relevant buckling curve; and 

ε is the material parameter according to eq. (4). 

𝜀𝜀 =  �
235
𝑓𝑓𝑦𝑦

 (4) 

The type of plastic interaction, i.e. linear plastic interaction or nonlinear plastic interaction, used in the 

recalculation of the representative bow imperfections e0 also has a marked influence on the numerical 

values of e0. The draft prEN 1993-1-1:2020 obliges the use of the linear plastic interaction according to 

eq. (5) for flexural buckling about y-y axis for all kinds of cross-sections. Any plastic interaction may be 

applied for flexural buckling about the z-z axis. The design plastic moment resistance of the cross-section 

Mpl,Rd, however, is limited to 1.25 times the elastic resistance Mel,Rd. Alternative approaches for bow im-

perfections that may be used in conjunction with the draft prEN 1993-1-1:2020 are presented in [28], [29]. 

 
𝑁𝑁

𝑁𝑁𝑝𝑝𝑝𝑝,𝑅𝑅𝐸𝐸
+

𝑀𝑀
𝑀𝑀𝑝𝑝𝑝𝑝,𝑅𝑅𝐸𝐸

≤ 1 (5) 

4.2.4 Bow imperfections for lateral torsional buckling 

For a second order analysis taking account of lateral torsional buckling of a member, it is still sufficient to 

apply an equivalent bow imperfection for flexural buckling about the weak axis of the cross-section. An 

additional torsional imperfection needs not to be considered. However, the presentation of the bow imper-

fections e0,LT (eq. (6)) and the values have been amended. The presentation has been adapted to that for 

flexural buckling. Based on theoretical studies [30] and the German National Annex to EN 1993-1-1, the 

values of e0,LT have been modified, especially for members with medium slenderness.  

𝑒𝑒0,LT =  𝛽𝛽𝐿𝐿𝐿𝐿 ∙
𝐿𝐿
𝜀𝜀  (6) 

where βLT is the reference relative bow imperfection according to Table 9. 
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Table 9. Reference relative bow imperfection βLT for lateral torsional buckling. 

Cross-section Condition Elastic cross-section verification Plastic cross-section verification 

rolled 
h/b ≤ 2,0 1/250 1/200 

h/b > 2,0 1/200 1/150 

welded 
h/b ≤ 2,0 1/200 1/150 

h/b > 2,0 1/150 1/100 

 

5 Conclusions and outlook to the second part of the article 

This two-part article illustrates the developments in structural member verification that will be imple-

mented in the upcoming revision of Part 1-1 of EN 1993. These developments are currently published in 

form of a pre-standard, prEN 1993-1-1:2020 [3], which belongs to the second generation of Eurocodes and 

will be under review by the National Mirror Groups over the course of the next few years. The intention 

of the article is to familiarize the future users of this standard with the main structural and technical 

changes. These changes aim to improve ease-of-use especially in view of clarity, harmonise the rules both 

within Eurocode 3 and with related standards, and integrate new findings from research and technical 

developments. This adds to improving structural designs and strengthens the economic efficiency of steel 

structures.  

In the introduction to the present first part of the article, the origins and content of the European Commis-

sion Mandate M/515 were presented, which led to the work programme for the further evolution of the 

Eurocodes, of which prEN 1993-1-1:2020 is a key result. The remaining sections of this part of the article 

illustrated the most relevant changes pertaining to material grades, partial safety factors and their back-

ground, the cross-section classification and design rules for semi-compact cross-sections, as well as the 

various amendments to the section dedicated to structural analysis.  

Part 2 of this article will be published in the next issue of the journal and will be dedicated primarily to 

amendments to the design rules for member buckling introduced in prEN 1993-1-1:2020.  
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