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 Foreword

Professor John Roberts,  Principal,  Technical Innovation  Consultancy

Welcome to the BSI The essential guide to Eurocodes transition  Publication 

prepared to support the UK construction industry through one of the most 

signif cant developments in construction standardization. The withdrawal of 

conf icting national standards at the end of March 2010 presents the oppor-

tunity for designers to fully engage with the coherent set of modern design 

codes which the Eurocodes  provide.

Structural Eurocodes are seen as leading the way in structural codes world-

wide. Their f exibility enables adoption and use not only within Europe, but 

internationally. This feature has been recognized by several countries outside 

Europe and they are already committed to adopting  Eurocodes.

The primary objectives of the Eurocodes are  to:  

•  provide common design criteria and methods of meeting necessary require-

ments for mechanical resistance, stability and resistance to f re, including 

aspects of durability and  economy;

•  provide a common understanding regarding the design of structures 

between owners, operators and users, designers, contractors and manu-

facturers of construction  products;

•  facilitate the marketing and use of structural components and kits in EU 

Member  States;

•  facilitate the marketing and use of materials and constituent products, the 

properties of which enter into design  calculations;

• be a common basis for research and development, in the construction  industry

•  allow the preparation of common design aids and  software;

•  increase the competitiveness of the European civil engineering f rms, con -

tractors, designers and product manufacturers in their global  activities.

It is  a legal requirement from March 2010 that all European  public- sector 

clients base their planning and building control applications on structural 
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designs that meet the requirements of the Eurocodes. In anticipation of this, 

changes are necessary to the Building  Regulations.

Approved Document A for Building Regulations in England and Wales,

which provides guidance on how to comply with Part A (structure)  of the 

regulations, lists 22 of the national codes being withdrawn in 2010 but

will not be revised by the Communities and Local Government (CLG)

department until 2013. CLG have clarif ed the legal position through a 

circular letter dated the 29th  January 2010 and available on their website 

 http://www.communities.gov.uk/corporate/publications/all/.

The Scottish structural guidance is provided in section 1  of the Domestic 

Handbook and section 1  of the  Non-Domestic Handbook. The Scottish 

Government plans to publish revised guidance incorporating Eurocodes that 

will come into effect in  2010.

In Northern Ireland, Technical Booklet D:1994, Structure will be revised to 

include references to Eurocodes alongside withdrawn British  Standards.

The withdrawn British Standards may still be used to achieve compliance 

with UK building regulations for private sector work but they will no longer 

be maintained by BSI and will increasingly become out of  date.

Each of the Eurocode parts is produced by a subcommittee under the guid-

ance and  co- ordination of a technical committee (CEN/TC  250). Delegates of 

the 29 Comité Européen de Normalisation (CEN)  members are represented 

on CEN/TC  250 and its  subcommittees.

Drafts of the Eurocode parts are elaborated by project teams, which are 

selected by the appropriate  sub- committees. A project team consists of about 

six experts who represent the subcommittee. A vast majority of the project 

teams include a  UK- based  expert.

A Eurocode is subject to extensive consultation before it is adopted. Progres-

sive drafts are discussed and commented on by CEN members and their 

appointed experts. A Eurocode part is  adopted only after a positive vote by 

CEN  Members.

This BSI Structural Eurocodes Transition Publication contains articles from 

leading academics and professionals to help you gain an understanding of 

the nature of the new codes and to ease your transition into using the new 

structural design  codes.
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Structural Eurocodes  – Frequently 
Asked  Questions

1  What are  Eurocodes?

Structural Eurocodes are a set of harmonized European standards for the 

design of buildings and civil engineering structures. There are 10 Eurocodes 

made up of 58  parts that will be adopted in all EU Member  states.

In the UK, they will replace over 50 existing British Standards that are due to 

be withdrawn on 31  March 2010 when full implementation of the Eurocodes 

will take  place.

Eurocodes are a recommended means of giving a presumption of conformity 

to the essential requirements of the Construction Products Directive for prod-

ucts that bear CE Marking, as well as the preferred reference for technical 

specif cations in public  contracts.

Eurocodes cover the basis of structural design, actions on structures, the 

design of concrete, steel, composite steel and concrete, timber, masonry and 

aluminium structures, geotechnical design and the design of structures for 

earthquake  resistance.

2 How do I use  Eurocodes?

Eurocodes are designed to be used as a suite of documents, which means that 

for most projects more than one code will be needed e.g. BS  EN  1990 Basis of 

Structural Design is always  required.

In addition, Eurocodes are designed to be used with a national annex, which 

is available separately but is  essential for compliance with the  code.

http://dx.doi.org/10.3403/03202162U
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Other documents required for using Eurocodes are the  so- called 

 Non- Contradictory Complementary Information (NCCI)  documents. The 

status of these documents can vary. As the name suggests they provide supple-

mentary material, that may be useful, but are not always essential for compli-

ance with the  Eurocodes.

Other documents include Execution Standards, which provide requirements 

for execution of structures that have been designed in accordance with 

 Eurocodes.

3  What are national annexes and how do I use  them?

In order to allow for the variety of climatic and other factors across the Euro-

pean Union each Member State may produce a national annex for each of the 

58  Eurocode  parts.

This will  include 

•  Alternative  values

•  Country specif c data (geographical, climatic, etc.)

•  Alternative  procedures.

It may also  contain:

•  Decisions on the application of informative  annexes

•  References to  Non-Contradictory Complementary Information (NCCI).

Where a national annex is published it is  essential to use it to comply with 

the  Eurocode.

Where no national annex is available or no Nationally Determined Param-

eters (NDPs)  are chosen the choice of the relevant values (e.g. the recom-

mended value), classes or alternative method will be the responsibility of the 

designer, taking into account the conditions of the project and the National 

 provisions.

NOTE:  there will be no national annex to BS  EN  1998-3  in the  UK.

For information and to purchase national annexes applicable outside the UK 

contact BSI Distributor sales on 020 8996 7511  or email  Distributor.Sales@

bsigroup.com.

http://dx.doi.org/10.3403/30094289U
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4 What are Nationally Determined  Parameters?

The foreword of each Eurocode states that it recognizes the responsibilities 

of regulatory authorities in each Member State and protects their right to 

determine values related to regulatory safety matters at a national level where 

these continue to vary from State to  State.

Accordingly, each Eurocode contains a number of parameters which are left 

open for national choice, called Nationally Determined Parameters (NDPs). 

The NDPs account for possible differences in geographical or climatic condi-

tions, or in ways of life, as well as different levels of protection that may 

prevail at national, regional or local level. Recommended values for the NDPs 

are also provided in the  Eurocodes.

5  What are NCCI and how do I use  them?

Non-Contradictory Complementary Information (NCCI)  are documents that 

the National committees consider useful for assisting the user to apply the 

Eurocode. They are not essential for compliance with the Eurocode but may 

provide background material or other  guidance.

They have been approved by the BSI Committee and are usually listed in 

Clause NA.4 of the national annex.

This does not mean that all NCCI documents are produced by BSI 

however.   They are not necessarily British Standards and may be published by 

other  organisations.

6 What are Execution Standards and how do I use  them?

These documents have been produced in support of the Eurocodes and are 

applicable to designs in accordance with the  Eurocodes.

The Masonry Eurocode includes its own execution part (BS  EN  1996-2)  but 

other areas such as Concrete, Steel, and Geotechnics have separate docu-

ments, outside the Eurocodes suite, dealing with execution and  workmanship.

http://dx.doi.org/10.3403/30109129U
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7 How will Eurocodes be maintained and  developed?

Eurocodes will be maintained and developed by the CEN/TC250 committee. 

Their responsibilities will  include:

•  Correction of  errors

•  Technical and editorial  improvements

•  Technical amendments with regard to urgent matters of health and  safety

•  Resolution of questions of  interpretation

•  Elimination of inconsistencies and misleading  statements.

They will also approve any corrigendum (e.g. removal of printing and 

linguistic errors)  or amendment (e.g. modif cation, addition or deletion of 

specif c parts), as  appropriate.

In addition, future editions of the Eurocodes, such as new annexes or parts 

and eventually new Eurocodes will be needed to include guidance ref ecting 

new European Union policies, innovative design methods, construction tech-

niques, new materials, products and the  like.

8 What are the benef ts of using the new  Eurocodes?

•  They will facilitate the acquisition of public sector  contracts

•  They will facilitate the acquisition of European  contracts

•  They are among the most advanced technical views prepared by the best 

informed groups of experts in their f elds across  Europe

•  They are the most comprehensive treatment of subjects, with many aspects 

not previously codif ed now being covered by agreed  procedures

•  They provide a design framework and detailed implementation rules which 

are valid across Europe and likely to f nd signif cant usage  worldwide

•  They provide common design criteria and methods of meeting necessary 

requirements for mechanical resistance, stability and resistance to  f re

•  They provide a common understanding regarding the design of structures 

between owners, operators and users, designers, contractors and manufac-

turers of construction  products

•  They facilitate the marketing and use of structural components and kits in 

EU Member  States

•  They facilitate marketing and use of materials and constituent products, 

the properties of which enter into design  calculations
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•  They enable the preparation of common design aids and  software

•  They increase competitiveness of European civil engineering f rms, 

contractors, designers and product manufacturers in their global  activities.

9 Have all of the Eurocodes been  published?

Yes, BSI has now published all of the harmonized codes and national  annexes.

The British Standards referred to in Part A of the Building Regulations will 

be withdrawn on the 31st of March 2010 and be replaced by a new, more 

technologically sophisticated set of British Standards  – the  Eurocodes.

10 What happens to the standards I currently  use?

Following publication of a European standard, BSI is  obliged to withdraw 

conf icting standards i.e. those within the same scope and f eld of application 

as the European standard. Where the national standard is not in a one-to-

one relationship with the European standard, the national standard will be 

amended or revised to delete the conf icting requirements and to ref ect the 

changed  scope.

Withdrawn documents are still available and remain in the BSI catalogue 

for historical information purposes but a BSI committee no longer main-

tains withdrawn standards. That means that there is  no 5-year review when 

a committee considers the currency of a standard and decides whether to 

conf rm, revise or withdraw  it.

11  What happens if I continue to use the old British  Standards?

BSI committees have already stopped updating the British Standards to be 

withdrawn on the 31st of March 2010, so designers need to be mindful of 

insurance and liability issues if they continue to use  them.

The new standards will become the preferred means of demonstrating 

compliance under the Public Contracts Regulations 2006 and the Construc-

tion Products  Directive.
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12 Is  there a legal or  insurance- related risk arising from 
continuing to use the old British  Standards?

In any legal proceedings relating to structural design, the courts and other 

 dispute- resolution forums will refer to Eurocodes  – the  state- of- the- art stand-

ards  – to reach their decisions. Continuing to use withdrawn standards could 

put structural designers and their insurers at increasing  risk.

There is  a risk that with a dual system engineers will use codes to suit them-

selves and this could introduce further confusion and  risk.

13  Which projects use  Eurocodes?

The choice of which standards to use will be inf uenced by EU Directives such 

as those on public procurement and construction products, which are enacted 

in the UK as the Public Contracts Regulations 2006 and the Construction 

Products Regulations 1991  respectively. As such, most UK public sector 

organizations, utilities and product manufacturers intend to use Eurocodes 

for all new designs after April  2010.

The Highways Authority (England Wales and Northern Ireland)  will expect 

new designs to be in accordance with Eurocodes after March 2010. The High-

ways Authority requirements will be described in an Advice Note (an IAN)  

which will be published shortly. The actual standards to be used on a project 

will be def ned in the AIP (Approval in Principle)  document for each  contract.

Network Rail will require new work from March 2010 to be in accordance 

with  Eurocodes.

14 Has Eurocode implementation been held up by the delay to 
the revision of Approved Document  A?

A revision to Part A to update the referenced standards has been delayed 

for unrelated reasons and CLG remains fully supportive of the new British 

 Standards.

There is  nothing to stop designers using British Standards cited in the Regula-

tions, it is  ‘legally permissible’  to use them, though they should be aware of 

the comments in  Q12.
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15  Many engineers are not ready for the new British Standards, 
why does BSI not postpone  withdrawal?

Both BSI and the Government have a legal obligation to meet the agreed date 

for  Europe- wide implementation of the Eurocodes ( i.e. 31  March 2010). The 

CEN agreement to create and apply harmonized standards is  made between 

European governments and then delegated to their National Standards  Bodies.

16 How can I purchase  Eurocodes?

Eurocodes are published and sold in each country by the National

Standards Body and in the United Kingdom can be purchased from BSI at 

 http://shop.bsigroup.com/eurocodes.

17 What kind of guidance on Eurocodes is  available from  BSI?

Eurocode core  documentation

BSI has published all 58  Eurocodes with national annexes, associated NCCI and

PD. See the Eurocodes website for more information  http://shop.bsigroup.com/

eurocodes.

New online managed  collection

BSI has recently made available a managed PDF collection of the full set 

of Eurocodes and national annexes. More information can be requested at 

 http://shop.bsigroup.com/eurocodesmanagedcollection

Commentary, guidance, master classes,  conferences

BSI has designed a series of master classes, publications and an annual confer-

ence on key Eurocode themes covering key design materials such as concrete, 

steel,  timber.

Further information can be received from  http://shop.bsigroup.com/eurocodes

http://shop.bsigroup.com/eurocodes
http://shop.bsigroup.com/eurocodes
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View from the industry –
benef ts, threats and UK plc’s state 

of readiness

Chris Hendy, Atkins plc

The Eurocodes are widely regarded as the most technically advanced suite 

of structural design codes available internationally. Why then is it often 

perceived that progress towards their adoption has been slow in the UK?

There is  undoubtedly still some resistance from pockets of the UK structural 

community. Part of the inertia comes from the fact that the UK has extremely 

good British Standards already. For example, BS  5400-3  is widely consid-

ered to be the most comprehensive  steel code of practice in the world but 

few would describe it as the most economic.  Some in the UK argue that the 

Eurocode rules go too far and are, in some isolated cases, unsafe. There is  

however no evidence of this, particularly when the UK national annex has 

in a few places tightened up requirements. Arguments that the Eurocodes 

are unsafe because they give different answers to previous British codes are 

simply unsound and in places the British Standards are far too conservative 

and are increasingly being shown to be so.

Other resistance stems from the perceived effort involved in the changeover. 

The Eurocode awareness seminars that have been held over the last few years 

may potentially have been  counter- productive. They have been intended to 

reassure, whilst at the same time demonstrate there is  work to do. In some 

cases, pointing out a long list of differences in practice has made the process 

of adoption appear more daunting than perhaps it really is.

While there may be some resistance from within industry, BSI and the High-

ways Agency are actively driving implementation. The speed of production of 

national annexes has been on a par with or better than the progress made by 

much of mainland Europe. In addition, an increasing number of consultants 

http://dx.doi.org/10.3403/00073250U
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are using Eurocodes to form the basis of departures from standards in the 

assessment of existing structures because they can improve predicted load 

carrying resistance.

The state of readiness of industry bodies, software houses and institutions 

is also excellent by comparison with our other European counterparts. 

The Concrete Centre and Steel Construction Institute have produced, and 

continue to produce, much guidance and training material.  Many of the 

big software houses are on top of software upgrades, waiting only for f nal 

national annexes to f nalize releases. The ICE and IStructE are running semi-

nars and training and publishing a comprehensive set of designers’  guides to 

the various Eurocode parts.

Readiness amongst designers is  however more patchy. Some of the big 

consultants have strategies in hand for helping their engineers to make the 

transition. Atkins for example has rolled out a series of  four- day training 

courses to 60 ‘Champions’  across the UK and ensured that all other staff 

have received the same training via a cascade from these Champions. Other 

companies are planning or have executed similar strategies. However, a signif-

icant number of companies are only just starting to consider the issue. There 

are good reasons to take the change seriously and act quickly. Some of these 

are discussed below. Most relate to the need to remain competitive.

Steel design

The rules given in the Eurocodes ref ect modern research and bring together 

steel design practices from around Europe. Therefore, for bridges, for example, 

there is a signif cant change to the requirements set out in previous UK prac-

tice through BS  5400-3. Some typical examples include:

•  Class 4 beams with longitudinal stiffeners  – these are treated in the 

same way as beams without longitudinal stiffeners in EN  1993, unlike 

in BS  5400-3  where a completely different approach to calculation was 

employed involving checking individual panels and stiffeners for buckling 

in isolation. This allowed little load shedding between components and 

a single overstressed component could govern the design of the whole 

 cross- section. In EN  1993-1 -5, this does not happen and it is  the strength 

of the whole  cross- section which is important.

•  Shear–moment interaction –  EN  1993  produces a more economic check 

of shear and moment interaction than does BS  5400. There are various 

http://dx.doi.org/10.3403/00073250U
http://dx.doi.org/10.3403/00073250U
http://dx.doi.org/10.3403/30126875U
http://dx.doi.org/10.3403/BS5400
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reasons for the improvement in economy but the main gain relates to bridge 

girders for which recent  non- linear parametric studies have shown little 

interaction between shear and bending for Class  3  and 4  cross- sections, 

and this is  ref ected in the shape of the interaction curve in EN  1993-1 -5

•  Web transverse stiffeners  – The design requirements for web transverse 

stiffeners, provided to enhance shear resistance, are much less onerous 

than those of BS  5400 and themselves have still been shown to be 

conservative  [1 ] .

Various pilot studies were conducted for the UK Highways Agency to gauge 

the difference in resistances overall between BS  5400-3  and EN  1993  and 

hence measure the differences in expected materials costs. The conclusion 

was that if the simple application rules were followed, steel bridges with 

 cross- sections in Class  1  and 2 throughout would require very similar quan-

tities of materials for both codes. Where the bridge was more typical, with 

 cross- sections in Class  3  or 4, a typical reduction in materials of around 10%  

was expected with EN  1993. However, if more advanced analysis techniques 

are used, such as  non- linear analysis, much greater reductions can be achieved.

Concrete design

The rules developed for concrete design also ref ect more modern research 

and ref ect the modern use of higher grades of concrete. The formulae given 

in the Eurocodes use signif cantly higher concrete strengths than previous UK 

practice;  C70/85 for bridges and C90/105 for buildings. The UK national 

annex however places a limit on cylinder strength in calculations of 50 MPa 

for shear due to concerns over the validity of the equations with high strength 

concrete, particularly those with limestone aggregates.

As with steel design, UK designers can expect to f nd some differences in 

resistances between codes. Some typical examples include:

•  Resistance to bending and axial force –  The use of a design reinforcement 

 stress– strain curve allowing for strain hardening in EN  1992 can lead to 

around 7%  greater bending resistance with Class  B reinforcement than is 

obtained with BS  5400-4 where consideration of strain hardening is not 

permitted. Greater increase is obtained with Class  C reinforcement which 

is more ductile.

•  Shear resistance –  Where there are shear links included in the design, 

the approach in EN  1992 differs from that in BS  5400-4 and leads to a 

http://dx.doi.org/10.3403/30126875U
http://dx.doi.org/10.3403/BS5400
http://dx.doi.org/10.3403/00073250U
http://dx.doi.org/10.3403/00214515U
http://dx.doi.org/10.3403/00214515U
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potential large increase in economy for reinforced concrete beams. Unlike 

the BS  5400 truss model employed which has a f xed truss angle of 45°, 

the truss angle in the Eurocodes can be varied between 45° and 21 .8°  

resulting in up to 2.5  times more resistance provided by the links. This has 

to be balanced by a potential increase in longitudinal reinforcement where 

this reinforcement is curtailed, but the designer has far greater choice over 

where the reinforcement is to be provided and its total quantity.

•  Punching shear – One signif cant additional requirement in the Eurocodes 

involves the calculation of punching shear resistance allowing for the 

interaction with coexistent bending moment transmitted at the same time 

as the shear load. A typical example is a pad foundation supporting a 

column. This is  one area where Eurocode  2 produces a lower resistance 

typically than did BS  5400-4.

Increased use of f nite element analysis

The use of f nite element (FE)  analysis will increase in the UK with the intro-

duction of the Eurocodes as they provide codif ed rules for the use of both 

elastic and  non- linear analysis which were not previously covered by UK 

codes;  they were not prohibited but approval could be a long process with 

no guarantee of acceptance. Additionally, the format used in the Eurocodes 

(particularly steel)  often facilitates the use of FE models and, in some situa-

tions, using an FE model is  the most economic method both in terms of design 

cost and in terms of material costs.

Designers will need to embrace these analysis methods to remain competi-

tive. FE analysis can give a very accurate representation of the true behaviour 

of the structure, but only if the assumptions made accurately represent this 

behaviour. As such, results can be either unsafe or overly safe if the assump-

tions are incorrect. Some examples of uses that are likely to become common 

are set out below, together with some discussion on possible pitfalls.

Linear elastic FE analysis is  attractive because it permits the principle of super-

position to be adopted;  inf uence surfaces can be generated for the effect to 

be investigated and the results of different loadings may be combined. Elastic 

f nite element modelling is appropriate for calculations on fatigue stress and 

serviceability where it is  desirable for materials to remain elastic, but may be 

very conservative for predicting ultimate strength where plastic redistribution 

is possible after f rst yield. In the Eurocodes,  particularly EN  1993, elastic 

http://dx.doi.org/10.3403/BS5400
http://dx.doi.org/10.3403/00214515U
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critical buckling analysis will be increasingly used to determine slendernesses 

for buckling directly from the computer.

Elastic critical buckling analysis is  particularly useful for analysing the 

construction condition of paired beams before the concrete is  poured to make 

them composite. The slenderness can be determined directly from the elastic 

critical moment, Mcr, according to

lLT y y cr= W f M/

This is quick and easy to do and it is common for the Eurocodes to give signif -

cantly greater resistance than BS  5400. Figure  1a shows the critical mode repre-

senting global instability of a typical pair of  cross- braced beams (the lateral 

buckling referred to in the code)  but this was the twentieth mode produced by 

the computer;  there were numerous lower local buckling modes of the form 

shown in Figure  1b which could safely be ignored as they were included else-

where in the codif ed section properties for the beam. Reference  [2]  contains 

an example where a 53% greater ultimate resistance against buckling was 

produced using this EN  1993  approach rather than BS  5400-3. The analysis 

of arches also lends itself to the use of elastic critical buckling analysis in a 

similar manner where determination of the buckling slenderness via an effec-

tive length would otherwise be imprecise and necessarily conservative.

 Non- linear analysis is  the most advanced calculation procedure now 

permitted by Eurocodes. When performed correctly,  non- linear analysis of 

structures can get very close to the true resistance. This is especially true of 

steel structures where the ultimate behaviour of steel can be very accurately 

represented in computer models – Numerical validation of simplif ed theories 

for design rules of transversely stiffened plate girders   [1 ]  covering transversely 

stiffened plate girders provivdes a good example. The accuracy of reinforced 

concrete models is less uniform; predominantly f exural behaviour (such as 

pier second order analysis shown as follows in Figure  2)  is well modelled but 

more complex behaviour requiring prediction of reinforced concrete behav-

iour under general stress f elds is  less well understood and predictions show 

more scatter from test results.

The paired beams above provide an example of the further reserve of strength 

than can be obtained by using a  non- linear model. For the same example, 

 non- linear analysis gave 99%  more ultimate resistance than did the simplif ed 

approach in BS  5400-3. The reasons for this increased resistance are discussed 

in Lateral buckling of plate girders with lateral restraints   [2] .

http://dx.doi.org/10.3403/BS5400
http://dx.doi.org/10.3403/00073250U
http://dx.doi.org/10.3403/00073250U
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Buckling of slender piers by  non- linear analysis can also bring signif cant 

savings in reinforcement compared to simplif ed code formulae, such as those 

in BS  5400-4. A typical example was the piers of the Medway Bridge  [3] . 

The rules for  non- linear analysis in EN  1992, including imperfections and 

material properties, were employed in the design after the initial reinforcement 

tonnage produced in accordance with BS  5400 was found to be excessive. 

Figure 1 .  Elastic critical  buckling analysis of paired steel  beams

(a)  Global  buckling mode

(b) Typical  local  buckling mode

http://dx.doi.org/10.3403/00214515U
http://dx.doi.org/10.3403/BS5400
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The pier shown in Figure  2 was analysed twice;  once with 32 mm diameter 

reinforcement (T32)  and again with 40 mm diameter (T40). The def ections 

shown were for:  

•  uncracked linear elastic analysis;

•  second order uncracked elastic analysis;

•  cracked second order analysis with T32 reinforcement;

•  cracked second order analysis with T40 reinforcement.

The  non- linear analysis resulted in a saving of reinforcement of approxi-

mately 60%  compared to the UK design code.

There is  little guidance available on the use of FE which makes experience 

in the f eld very important for successful modelling. The encouragement to 

use FE modelling by the Eurocodes is  likely to lead to more inexperienced 

designers using it as a routine design tool. Engendering the need for checking 

strategies in these engineers is  therefore extremely important and this can be 

diff cult where the modelled behaviour is complex. Contrary to what many 

designers believe, the availability of software packages to perform these anal-

yses requires a much greater degree of structural understanding, not a lesser 

degree, in order to check the model is  performing satisfactorily. The example 

above of elastic critical buckling in paired beams is a case in point;  the designer 

T40,  non-l inear

analysis

T32,  non-l inear

analysis
First order,

uncracked

Second order,

uncracked

Figure 2.  Second order analysis of slender piers
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should have a strategy for verifying that the buckling modes produced are 

realistic and their eigenvalues are the right magnitudes. Standard textbook 

formulae could, for example, be used to approximate and check the critical 

stresses for the local buckling modes. A strategy for managing this change 

needs to be in place in design off ces.

The above discussions set out some good reasons to embrace the change 

quickly. Designers who are not prepared face a risky transition period. The 

introduction of Eurocodes will provide a common set of design codes for use 

across Europe and, as considered below, in a number of countries outside 

Europe. Apart from a unique national annex (which can provide very limited 

information and will thus be very easy to assimilate by foreign competitors), 

a design done in the UK will follow the same set of rules as one done else-

where in Europe. This will facilitate competition by UK designers across a 

wide range of countries but, of course, the reverse will also be true. If we are 

slow to adapt in the UK, others will not be and this brings potential threats 

to our industry.

The threats will not only come from within Europe. Countries with an existing 

reliance on, or close link to, British Standards are either already committed 

to adopting Eurocodes (e.g. Malaysia and Singapore)  or are weighing up the 

benef ts  of adopting them (e.g. Hong Kong). In addition, training is starting in 

these countries. For example, the Institution of Engineers Malaysia commis-

sioned Atkins to run a  two- day Eurocode concrete bridge design training 

course for 85  delegates in Kuala Lumpur in September 2007, then commis-

sioned another for steel design in March 2008  and has booked subsequent 

courses. At the time of writing there is no  similar- scale external training taking 

place in the UK in bridge design. These countries may take a keen interest in 

UK opportunities.

The introduction of Eurocodes and the increased technical sophistication 

they bring is timely given the growing importance of the sustainability agenda 

and the drive for leaner construction. Many of the basic application rules 

in the Eurocodes lead to a modest but signif cant improvement in economy 

compared to existing British Standards. In many cases, this is  derived from 

more recent research and testing. However, designers that follow the more 

complex methods of analysis permitted by the high level principles, such as 

 non- linear analysis, may f nd very considerable improvements in economy. 

This will be the case, for example, for slender concrete piers or slender

steel panels.
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So to return to the original question, we shouldn’t consider that the perform-

ance of UK plc in adopting Eurocodes has been sluggish. We should however 

recognize that the Eurocodes bring both opportunities and threats, and so to 

maximize the former and mitigate the latter now is the time to step up our 

preparation activities.
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Complete Eurocode listing

The following tables show the constituent parts of the Eurocodes and their 

corresponding UK national annexes.

*This listing is correct at the time of going to print. For the very latest infor-

mation please go to www.bsigroup.com/eurocodes*

NOTE All the Eurocodes listed have separate National Annexes with the 

following exceptions:

†Eurocodes which include National Annex information in the National Fore-

word of each Eurocode.

§Eurocodes which do not have National Annexes at all.

Eurocode.  BS EN 1 990 – Basis of structural  design

Eurocode part Title

BS EN 1 990:2002 Basis of structural  design

BS EN 1 990:2002 

Annex A2

Basis of structural  design including Amendment A1  

for Annex A2 for Bridges

Eurocode 1 .  BS EN 1 991  – Actions on structures

Eurocode part Title

BS EN 1 991 -1 -1 :2002 Actions on structures.  General  actions.  Densities,  

self-weight,  imposed loads for buildings

BS EN 1 991 -1 -2:2002 Actions on structures.  General actions.  Actions on 

structures exposed to fi re

http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/02612036
http://dx.doi.org/10.3403/02612036
http://dx.doi.org/10.3403/BSEN1991
http://dx.doi.org/10.3403/02612063
http://dx.doi.org/10.3403/02700262
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Eurocode 1 .  BS EN 1 991  – Actions on structures.  (Contd)

Eurocode part Title

BS EN 1 991 -1 -3:2003 Actions on structures.  General  actions.  Snow loads

BS EN 1 991 -1 -4:2005 Actions on structures.  General  actions.  Wind actions

BS EN 1 991 -1 -5:2003 Actions on structures.  General  actions.  Thermal  

actions

BS EN 1 991 -1 -6:2005 Actions on structures.  General  actions.  Actions during 

execution

BS EN 1 991 -1 -7:2006 Actions on structures.  General  actions.  Accidental  

actions

BS EN 1 991 -2:2003 Actions on structures.  Traffi c loads on bridges

BS EN 1 991 -3:2006 Actions on structures.  Actions induced by cranes and 

machinery

BS EN 1 991 -4:2006 Actions on structures.  Silos and tanks

PD 6688-1 -1 Background paper to the UK National  Annex to 

BS EN 1 991 -1 -1

PD 6688-1 -2:2007 Background paper to the UK National  Annex to 

BS EN 1 991 -1 -2

PD 6688-1 -4 Background information to the National  Annex to 

BS EN 1 991 -1 -4 and additional  guidance

PD 6688-1 -5 Background paper to the UK National  Annex to 

BS EN 1 991 -1 -5

PD 6688-1 -7 Recommendations for the design of structures to 

BS EN 1 991 -1 -7

PD 6688-2 Recommendations for the design of structures to 

BS EN 1 992-2

Eurocode 2.  BS EN 1 992 – Design of concrete structures

Eurocode part Title

BS EN 1 992-1 -1 :2004 Design of concrete structures.  General  rules and rules 

for buildings

http://dx.doi.org/10.3403/BSEN1991
http://dx.doi.org/10.3403/02855923
http://dx.doi.org/10.3403/03252196
http://dx.doi.org/10.3403/02998937
http://dx.doi.org/10.3403/30092990
http://dx.doi.org/10.3403/30127320
http://dx.doi.org/10.3403/02919052
http://dx.doi.org/10.3403/30047471
http://dx.doi.org/10.3403/30140768
http://dx.doi.org/10.3403/30248033U
http://dx.doi.org/10.3403/30164517
http://dx.doi.org/10.3403/30161091U
http://dx.doi.org/10.3403/30166876U
http://dx.doi.org/10.3403/30164153U
http://dx.doi.org/10.3403/30127320U
http://dx.doi.org/10.3403/30096437U
http://dx.doi.org/10.3403/BSEN1992
http://dx.doi.org/10.3403/03178016
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BS EN 1 992-1 -2:2004 Design of concrete structures.  Fire design

BS EN 1 992-2:2005 Design of concrete structures.  Concrete bridges.  

Design and detail ing rules

BS EN 1 992-3:2006 Design of concrete structures.  Liquid  retaining and 

containing structures

PD 6687:2006 Background paper to the UK National  Annexes to 

BS EN 1 992-1

PD 6687-1 Background paper to the UK National  Annexes to 

BS EN 1 992-1  and BS EN 1 992-3 (supersedes 

PD 6687:2006)

PD 6687-2:2007 Recommendations for the design of structures to 

BS EN 1 992-2

Eurocode 3.  BS EN 1 993 – Design of steel  structures

Eurocode part Title

BS EN 1 993-1 -1 :2005 Design of steel  structures.  General  rules and rules for 

buildings

BS EN 1 993-1 -2:2005 Design of steel  structures.  General  rules.  Structural  

fi re design

BS EN 1 993-1 -3:2006 Design of steel  structures.  General  rules.  

Supplementary rules for cold-formed members and 

sheeting

BS EN 1 993-1 -4:2006 Design of steel  structures.  General  rules.  

Supplementary rules for stainless steels

BS EN 1 993-1 -5:2006 Design of steel  structures.  Plated structural  elements

†BS EN 1 993-1 -6:2007 Design of steel  structures.  General.  Strength and 

stabil ity of shell  structures

†BS EN 1 993-1 -7:2007 Design of steel  structures.  General.  Plated structures 

subject to out of plane loading

BS EN 1 993-1 -8:2005 Design of steel  structures.  Design of joints

BS EN 1 993-1 -9:2005 Design of steel  structures.  Fatigue strength

http://dx.doi.org/10.3403/03213853
http://dx.doi.org/10.3403/30096437
http://dx.doi.org/10.3403/30047506
http://dx.doi.org/10.3403/30141131
http://dx.doi.org/10.3403/30164167U
http://dx.doi.org/10.3403/BSEN1992-1
http://dx.doi.org/10.3403/BSEN1992-1
http://dx.doi.org/10.3403/30047506U
http://dx.doi.org/10.3403/30141131
http://dx.doi.org/10.3403/30096437U
http://dx.doi.org/10.3403/BSEN1993
http://dx.doi.org/10.3403/03270565
http://dx.doi.org/10.3403/03254926
http://dx.doi.org/10.3403/30126868
http://dx.doi.org/10.3403/30126870
http://dx.doi.org/10.3403/30126875
http://dx.doi.org/10.3403/30047475
http://dx.doi.org/10.3403/30047477
http://dx.doi.org/10.3403/03270617
http://dx.doi.org/10.3403/03270577
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Eurocode 3.  BS EN 1 993 – Design of steel  structures.  (Contd)

Eurocode part Title

BS EN 1 993-1 -1 0:2005 Design of steel  structures.  Material  toughness and 

through-thickness properties

BS EN 1 993-1 -1 1 :2006 Design of steel  structures.  Design of structures with 

tension components

BS EN 1 993-1 -1 2:2007 Design of steel  structures.  Additional  rules for 

the extension of EN 1 993 up to steel  grades 

S 700

BS EN 1 993-2:2006 Design of steel  structures.  Steel  bridges

BS EN 1 993-3-1 :2007 Design of steel  structures.  Towers,  masts and 

chimneys.  Towers and masts

§BS EN 1 993-3-2:2008 Design of steel  structures.  Towers,  masts and 

chimneys.  Chimneys

†BS EN 1 993-4-1 :2007 Design of steel  structures.  Silos,  tanks and pipelines.  

Silos

†BS EN 1 993-4-2:2007 Design of steel  structures.  Silos,  tanks and pipelines.  

Tanks

†BS EN 1 993-4-3:2007 Design of steel  structures.  Silos,  tanks and pipelines.  

Pipelines

BS EN 1 993-5:2007 Design of steel  structures.  Pil ing

BS EN 1 993-6:2007 Design of steel  structures.  Crane supporting 

structures

PD 6695-1 -9 Recommendations for the design of structures to 

BS EN 1 993-1 -9

PD 6695-1 -1 0 Recommendations for the design of structures to 

BS EN 1 993-1 -1 0

PD 6695-2 Recommendations for the design of bridges to 

BS EN 1 993

http://dx.doi.org/10.3403/BSEN1993
http://dx.doi.org/10.3403/03270605
http://dx.doi.org/10.3403/30126880
http://dx.doi.org/10.3403/30140154
http://dx.doi.org/10.3403/30126878
http://dx.doi.org/10.3403/30047480
http://dx.doi.org/10.3403/30047484
http://dx.doi.org/10.3403/30047487
http://dx.doi.org/10.3403/30047493
http://dx.doi.org/10.3403/30047495
http://dx.doi.org/10.3403/30155739U
http://dx.doi.org/10.3403/30167995U
http://dx.doi.org/10.3403/30174427U
http://dx.doi.org/10.3403/03270577U
http://dx.doi.org/10.3403/03270605U
http://dx.doi.org/10.3403/BSEN1993
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Eurocode 4.  BS EN 1 994 – Design of composite steel  and concrete structures

Eurocode part Title

BS EN 1 994-1 -1 :2004 Design of composite steel  and concrete structures.  

General  rules and rules for buildings

BS EN 1 994-1 -2:2005 Design of composite steel  and concrete structures.  

General  rules.  Structural  fi re design

BS EN 1 994-2:2005 Design of composite steel  and concrete structures.  

General  rules and rules for bridges

PD 6696-2:2007 Recommendations for the design of structures to 

BS EN 1 994-2:2005

Eurocode 5.  BS EN 1 995 – Design of timber structures

Eurocode part Title

BS EN 1 995-1 -1 :2004 Design of timber structures.  General.  Common rules 

and rules for buildings

BS EN 1 995-1 -2:2004 Design of timber structures.  General.  Structural  fi re 

design

BS EN 1 995-2:2004 Design of timber structures.  Bridges

Eurocode 6.  BS EN 1 996 – Design of masonry structures

Eurocode part Title

BS EN 1 996-1 -1 :2005 Design of masonry structures.  General  rules for 

reinforced and unreinforced masonry structures

BS EN 1 996-1 -2:2005 Design of masonry structures.  General  rules.  

Structural  fi re design.

BS EN 1 996-2:2006 Design of masonry structures.  Design considerations,  

selection of materials and execution of masonry

BS EN 1 996-3:2006 Design of masonry structures.  Simplifi ed calculation 

methods for unreinforced masonry structures

http://dx.doi.org/10.3403/BSEN1994
http://dx.doi.org/10.3403/03221508
http://dx.doi.org/10.3403/30111111
http://dx.doi.org/10.3403/30117101
http://dx.doi.org/10.3403/30163877
http://dx.doi.org/10.3403/30117101
http://dx.doi.org/10.3403/BSEN1995
http://dx.doi.org/10.3403/03174906
http://dx.doi.org/10.3403/03176671
http://dx.doi.org/10.3403/03179205
http://dx.doi.org/10.3403/BSEN1996
http://dx.doi.org/10.3403/30092858
http://dx.doi.org/10.3403/30116737
http://dx.doi.org/10.3403/30109129
http://dx.doi.org/10.3403/30047515
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Eurocode 7.  BS EN 1 997 – Geotechnical  design

Eurocode part Title

BS EN 1 997-1 :2004 Geotechnical  design.  General  rules

BS EN 1 997-2:2007 Geotechnical  design.  Ground investigation and 

testing

PD 6694-1 :2007 Recommendations for the design of structures 

subject to traffi c loading to BS EN 1 997-1 :2004

Eurocode 8.  BS EN 1 998 – Design of structures for earthquake resistance

Eurocode part Title

BS EN 1 998-1 :2004 Design of structures for earthquake resistance.  

General  rules,  seismic actions and rules for 

bui ldings

BS EN 1 998-2:2005 Design of structures for earthquake resistance.  

Bridges

§BS EN 1 998-3:2005 Design of structures for earthquake resistance.  

Assessment and retrofi tting of buildings

BS EN 1 998-4:2006 Design of structures for earthquake resistance.  Silos,  

tanks and pipelines

BS EN 1 998-5:2004 Design of structures for earthquake resistance.  

Foundations,  retaining structure and geotechnical  

aspects

BS EN 1 998-6:2005 Design of structures for earthquake resistance.  

Towers,  masts and chimneys

PD 6698:2009 Background paper to the UK National  Annexes to 

BS EN 1 998-1 ,  BS EN 1 998-2,  BS EN 1 998-4,  

BS EN 1 998-5 and BS EN 1 998-6

http://dx.doi.org/10.3403/BSEN1997
http://dx.doi.org/10.3403/03181153
http://dx.doi.org/10.3403/30047536
http://dx.doi.org/10.3403/03181153
http://dx.doi.org/10.3403/BSEN1998
http://dx.doi.org/10.3403/03244372
http://dx.doi.org/10.3403/30094287
http://dx.doi.org/10.3403/30094289
http://dx.doi.org/10.3403/30047498
http://dx.doi.org/10.3403/03244357
http://dx.doi.org/10.3403/30094294
http://dx.doi.org/10.3403/30175148
http://dx.doi.org/10.3403/03244372U
http://dx.doi.org/10.3403/30094287U
http://dx.doi.org/10.3403/30047498U
http://dx.doi.org/10.3403/03244357U
http://dx.doi.org/10.3403/30094294U
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Eurocode 9.  BS EN 1 999 – Design of aluminium structures

Eurocode part Title

BS EN 1 999-1 -1 :2007 Design of aluminium structures.  General  structural  

rules

BS EN 1 999-1 -2:2007 Design of aluminium structures.  Structural  fi re design

BS EN 1 999-1 -3:2007 Design of aluminium structures.  Structures 

susceptible to fatigue

BS EN 1 999-1 -4:2007 Design of aluminium structures.  Cold-formed 

structural  sheeting

BS EN 1 999-1 -5:2007 Design of aluminium structures.  Shell  structures

PD 6702-1 :2009 Structural  use of aluminium.  Recommendations for the 

design of aluminium structures to BS EN 1 999

PD 6705-3:2009 Structural  use of steel  and aluminium.  

Recommendations for the execution of aluminium 

structures to BS EN 1 090-3

http://dx.doi.org/10.3403/BSEN1999
http://dx.doi.org/10.3403/30047501
http://dx.doi.org/10.3403/30047503
http://dx.doi.org/10.3403/30047511
http://dx.doi.org/10.3403/30092976
http://dx.doi.org/10.3403/30092979
http://dx.doi.org/10.3403/30182023
http://dx.doi.org/10.3403/BSEN1999
http://dx.doi.org/10.3403/30192204
http://dx.doi.org/10.3403/30133062U
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Key aspects of the Eurocodes

•  The Eurocodes support National Building Regulations and other national 

requirements for regulated work but remain subservient to them.

•  National regulations set the appropriate level of safety through Nation-

ally Determined Parameters (NDP). Certain other parameters can be set 

by individual countries.

•  The clauses in the Eurocodes are divided into principles and application 

rules. Principles are identif ed by (P)  after the clause number and cover 

items for which no alternative is  permitted. Application rules are recom-

mended methods of achieving the principles but alternative rules may also 

be used.

•  There are two types of annex in the Eurocodes. Normative annexes are 

part of the requirements of the code.

•  Informative annexes provide guidance that can be adopted or not on a 

country by country basis.

•  The national annex is a special type of informative annex that contains 

the choices made by a particular country. Typically the national annex 

will state values and classes applicable to that country, provide value 

where only a symbol is  given in the Eurocode and provide country specif c 

data. The national annex also chooses when alternatives are given in the 

Eurocodes and indicates which informative annexes may be used. Finally 

it refers to Non-Contradictory Complementary Information (NCCI).

•  An NCCI is a way of introducing additional guidance to supplement the 

Eurocodes without contradicting them.
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Eurocode:  Basis of
structural design

Professor Haig Gulvanessian CBE, Civil Engineering

and Eurocode Consultant

Introduction

This chapter gives a brief introduction to EN  1990, describes its main innova-

tive features, particularly the requirements, reliability differentiation, based 

on the consequences of failure, limit state and actions and the choice of load 

combination format and safety factors by the UK national annex considering 

consistency of safety for all materials.

EN  1990 (Eurocode 0: Basis of structural design)  is  the head key code for 

the harmonized Structural Eurocodes. EN  1990 establishes and provides 

comprehensive information and guidance for all the Structural Eurocodes, 

the principles and requirements for safety and serviceability, and provides the 

basis and general principles for the structural design and verif cation of build-

ings and civil engineering structures ( including bridges, towers and masts, 

silos and tanks etc.) . EN  1990 gives guidelines for related aspects of struc-

tural reliability, durability and quality control. It is  based on the limit state 

concept and used in conjunction with the partial factor method. Comprehen-

sive background information is given on EN  1990 by Gulvanessian, Calgaro 

and Holicky  [1 ] .

As shown in Figure  0.1 , EN  1990 will be used with every Eurocode part for 

the design of new structures, together with:  

•  EN  1991  (Eurocode 1 :  Actions on structures) ;  and

•  EN  1992 to EN  1999 (design Eurocodes  2 to 9)

http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03202162U
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This is different to the situation adopted by the present British Standard codes 

of practice (e.g. BS  8110, BS  5950, BS  5628  etc.)  because with the design 

Eurocodes the requirements for achieving safety, serviceability and durability 

and the expressions for action effects for the verif cation of ultimate and serv-

iceability limit states and their associated factors of safety are only given in 

EN  1990. Unlike the equivalent British Standard codes of practice the material 

Eurocodes (EN  1992, EN  1993, EN  1994, EN  1995, EN  1996 and EN  1999)  

only include clauses for design and detailing in the appropriate material and 

require all the material independent information for the design (e.g. safety 

factors for actions, load combination expressions etc.)  from EN  1990.

Furthermore, construction products requiring CE marking (e.g.  pre- cast 

concrete products, metal frame domestic houses, timber frame housing etc.)  

all need to use the principles and rules in EN  1990 together with the appro-

priate Eurocodes, thus ensuring a level playing f eld, as do the execution 

standards.

As well as being the key Eurocode in setting recommended safety levels, 

EN  1990 also introduces innovative aspects described as follows which 

encourage the design engineer to consider the safety of people in the built 

environment together with the responsible consideration of economy by:

•  allowing reliability differentiation based on the consequences of failure;

•  introducing the concept of using the representative values of actions and 

not only the characteristic values as used for UK codes of practice. The 

EN 1 990

EN 1 991

EN 1 992 EN 1 993 EN 1 994

EN 1 995 EN 1 996 EN 1 999

Structural  safety,  

serviceabil ity and 

durabil ity 

Actions on 

structures

Design  and 

detail ing

EN 1 997 EN 1 998
Geotechnical  and 

seismic design 

Figure 0.1 .  Links between Eurocodes

http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/BS8110
http://dx.doi.org/10.3403/BS5950
http://dx.doi.org/10.3403/BS5628
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03202162U
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loads used in the EN  1990 load combinations recognize the appropriate 

cases where:

 – rare

 – frequent, or

 –  quasi- permanent

 occurring events are being considered with the use of an appropriate 

reduction coeff cient (y) , applied to the characteristic load values as 

appropriate. The use of the representative values for actions in the load 

combination expressions for ultimate and serviceability limit state verif -

cations are logical and give economies for particular design situations;

•  an alternative load combination format, giving the choice to the designer 

of using either the expressions 6.10 or 6.10a/6.10b for the combination 

of actions for ultimate limit state verif cation. This choice provides oppor-

tunities for economy especially for the heavier materials, and can provide 

f exibility with regard to assessment;

•  the use of lower factors of safety for loads compared to British Standards. 

Although the effects of actions according to the Eurocodes are lower than 

British Standards codes for ULS and SLS verif cation, this should not be a 

concern to the industry as the EN  1990 values are based on better science 

and better research;

•  the use of advanced analytical techniques for the designer is  encouraged 

and the use of probabilistic methods should the designer wish to use these 

for the more specialist design problems.

Principal objectives of EN  1990

EN  1990’s principal objective is  that this Eurocode sets out for every Eurocode 

part the principles  and requirements  for achieving:

•  safety;

•  serviceability;

•  durability

of structures.

EN  1990 provides the information for safety factors for actions and the 

combination for action effects for the verif cation of both ultimate and serv-

iceability limit states. Its rules are applicable for the design of building and 

civil engineering structures including bridges, masts, towers, silos, tanks, 

chimneys and geotechnical structures.
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The requirements of EN  1990

To achieve safety, serviceability and durability for structures EN  1990 

contains requirements to be adhered to by the complete Eurocode suite and 

construction product standards on

•  fundamental requirements (safety, serviceability, resistance to f re and 

robustness) ;

•  reliability management and differentiation;

•  design working life;

•  durability;

•  quality assurance and quality control.

Each requirement is described as follows.

Fundamental requirements

The fundamental requirements stipulate that:

a)  a structure should be designed and executed in such a way that it will, 

during its intended life with appropriate degrees of reliability and in an 

economic way:

 – sustain all actions and inf uences likely to occur during execution and 

use (safety requirement);  and

 – meet the specif ed serviceability requirements for a structure or a struc-

tural element (serviceability requirement);  and

b)  in the case of f re, the structural resistance should be adequate for the 

required period of time;

c)  a structure should be designed and executed in such a way that it will 

not be damaged by events such as explosion, impact or consequences of 

human errors, to an extent disproportionate to the original cause (robust-

ness requirement). EN  1990 provides methods of avoiding or limiting 

potential damage.

Reliability differentiation

Design and execution according to the suite of the Eurocodes, together with 

appropriate quality control measures, will ensure an appropriate degree of 
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reliability for the majority of structures. EN  1990 provides guidance for 

adopting a different level of reliability (reliability differentiation). Additional 

guidance is included in an informative annex to EN  1990 Management 

of structural reliability for construction works.  Calgaro and Gulvanes-

sian  [2]  describe the management of structural reliability in EN  1990, where 

the concept of the risk background of the Eurocodes is described more 

comprehensively.

EN  1990 gives recommended values of partial factors applicable to actions 

and provides a framework for the management, at national levels, of struc-

tural reliability. Embodied in the values of the partial factors are implicit 

‘acceptable’  or ‘accepted’  risk levels, which relates to the consequences of the 

hazard and use of the structure. Risk may be def ned as:

Prob(F)  ×  C

where:

Prob(F)  is the probability of the hazard occurring, and

C is the consequence in magnitude or extent, expressed, for example, in 

numbers of deaths, time or monetary units.

Partial factor design is based on the consideration of limit states which are, 

in most common cases, classif ed into ultimate and serviceability limit states 

idealizing undesirable phenomena. The design is such that their probability of 

occurrence in 50  years is  less than an ‘acceptable’  value.

Figure  0.2 shows the ranges of values for probabilities for the ultimate and 

serviceability limit states, obtained when using EN  1990.

7.2 ×  1 0–5

1 0–6 1 0–5 1 0–4 1 0–3 1 0–2 1 0–1 1

Serviceabil ity

l imit states

Ultimate l imit states

Figure 0.2.  Probabilities associated with limit states
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Design working life

In EN  1990 the design working life is  the assumed period for which a struc-

ture is  to be used for its intended purpose with anticipated maintenance but 

without major repair being necessary. Table  0.1  taken from the UK national 

annex to EN  1990 gives a design working life classif cation.

Durability

EN  1990 stipulates that the structure should be designed such that deterioration 

over its design working life does not impair the performance of the structure.

The durability of a structure is  its ability to remain f t for use during the 

design working life given appropriate maintenance. The structure should be 

designed in such a way, and/or provided with protection so that no signif cant 

deterioration is likely to occur within the period between successive inspec-

tions. The need for critical parts of the structure to be available for inspection 

without complicated dismantling should be considered in the design. Other 

interrelated factors that should be considered to ensure an adequately durable 

structure are listed in EN  1990 and each is considered and given as follows:

a)  the intended and future use of the structure;

b)  the required performance criteria;

Table 0.1 .  Design working life classifi cation

Design working life 

category

Indicative design 

working life (years)

Examples

1 1 0 Temporary structures

2 1 0–25 Replaceable structural  parts,  

e.g.  gantry girders,  bearings

3 1 5–25 Agricultural  and similar 

buildings

4 50 Buildings and other common 

structures

5 1 20 Monumental  buildings,  bridges 

and other civi l  engineering 

structures
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c)  the expected environmental inf uences;

d)  the composition, properties and performance of materials;

e)  the choice of a structural system;

f)  the shape of members and structural detailing, and buildability;

g)  the quality of workmanship and level of control;

h)  the particular protective measures;

i)  the maintenance during the intended life.

Quality assurance and quality control

EN  1990 stipulates that appropriate quality assurance measures should be 

taken in order to provide a structure that corresponds to the requirements 

and to the assumptions made in the design by:

•  def nition of the reliability requirements;

•  organizational measures;

•  controls at the stages of design, execution, use and maintenance.

Principles of limit state design

Ultimate and serviceability limit states

EN  1990 is based on the limit state concept used in conjunction with the partial 

safety factor method where limit states are the states beyond which the struc-

ture no longer fulf ls the relevant design criteria. Two different types of limit 

state are considered, namely ultimate limit state and serviceability limit state.

Based on the use of structural and load models, it has to be verif ed that no 

limit state is exceeded when relevant design values for actions, material and 

product properties, and geometrical data are used. This is  achieved by the 

partial factor method.

In the partial factor method the basic variables ( i.e. actions, resistances and 

geometrical properties)  are given design values through the use of partial 

factors, y, and reduction coeff cients, g, of the characteristic values of vari-

able actions (see Figure  0.3).

Design may also be based on a combination of tests and calculations, provided 

that the required level of reliability is  achieved. Alternatively, EN  1990 allows 

for design directly based on probabilistic methods (see Figure  0.4) .
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Design situations

Design situations are sets of physical conditions representing the real condi-

tions occurring during the execution and use of the structure, for which the 

design will demonstrate that relevant limit states are not exceeded.

EN  1990 stipulates that a relevant design situation needs to be selected to 

take account of the circumstances in which the structure may be required to 

fulf l  its function.

Ultimate limit state verif cation design situations

EN  1990 classif es design situations for ultimate limit state verif cation as follows:

•  persistent situations (conditions of normal use) ;

•  transient situations ( temporary conditions, e.g. during execution);

Figure 0.3.  Verifi cation by the partial  factor method

Figure 0.4.  Individual  partial  safety factors
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•  accidental situations;  and

•  seismic situations.

Serviceability limit state verif cation design situations

Serviceability limit states correspond to conditions beyond which specif ed 

service requirements for a structure or structural element are no longer met 

and the design situations concern:

•  the functioning of the construction works or parts of them;

•  the comfort of people;  and

•  the appearance.

EN  1990 recommends that the serviceability requirements should be deter-

mined in contracts and/or in the design. EN  1990 distinguishes between revers-

ible and irreversible serviceability limit states. EN  1990 gives three expressions 

for serviceability design:  characteristic, frequent and  quasi- permanent.

Actions

Actions are sets of forces, imposed displacements or accelerations. They are 

classif ed by their variation in time as follows:

•  permanent actions, G, e.g.  self- weight of structures, f xed equipment and 

road surfacing, and indirect actions caused by shrinkage and uneven 

settlements;

•  variable actions, Q, e.g. imposed loads on building f oors, beams and 

roofs, wind actions or snow loads;

•  accidental actions, A, e.g. explosions or impact from vehicles.

A variable action has four representative values. In decreasing order of magni-

tude, they are:

•  characteristic value Qk;

•  combination value y0Qk;

•  frequent value y1Qk;

•   quasi- permanent value y2Qk.

The reduction coeff cients, y, are applied to the characteristic load values 

which are appropriate to cases where
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•  combination (or Rare)

•  frequent, or

•   quasi- permanent

occurring events are being considered.

Verif cation by the partial factor method

Ultimate limit states

For the ultimate limit state verif cation, EN  1990 stipulates that the effects 

of design actions do not exceed the design resistance of the structure at the 

ultimate limit state;  and the following ultimate limit states need to be verif ed.

Ultimate limit states concern the safety of people and/or the safety of struc-

tures and, in special circumstances, the protection of the contents. They are 

associated with collapse or with other similar forms of structural failure.

In EN  1990 the following ultimate limit states are verif ed, where relevant.

•  EQU.  Loss of static equilibrium of the structure or any part of it consid-

ered as a rigid body, where:

 – minor variations in the value or the spatial distribution of actions from 

a single source are signif cant;

 – the strengths of construction materials or ground are generally not 

governing.

•  STR.  Internal failure or excessive deformation of the structure or struc-

tural members, including footings, piles and basement walls, etc., where 

the strength of construction materials of the structure governs.

•  GEO.  Failure or excessive deformation of the ground where the strengths 

of soil or rock are signif cant in providing resistance.

•  FAT.  Fatigue failure of the structure or structural members. The combina-

tions apply:

 – persistent or transient design situation (fundamental combination);

 – accidental design situation;

 – seismic design situation.

For a limit state of static equilibrium (EQU), it is  verif ed that:

Ed,dst   £  Ed,stb
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where

Ed,dst  is  the design value of the effect of destabilizing actions, and

Ed,stb  is  the design value of the effect of stabilizing actions.

When considering a limit state of rupture or excessive deformation of a 

section, member or connection (STR and/or GEO), it is  verif ed that:

Ed   £  Rd

where

Ed  is  the design value of the effect of actions, and

Rd  is  the design value of the corresponding resistance.

Specif c rules for FAT limit states are given in the design Eurocodes EN  1992 

to EN  1999.

For the ultimate limit state verif cation, EN  1990 stipulates that the effects 

of design actions do not exceed the design resistance of the structure at the 

ultimate limit state;  and the following ultimate limit states need to be verif ed.

Alternative load combination expressions in EN  1 990 for the 

persistent and transient design situations

EN  1990 specif es  three sets of alternative combination expressions for the 

determination of action effects, expressions  6.10, 6.10a and 6.10b, and 6.10a 

modif ed and 6.10b (see the following)  for the persistent and transient design 

situations to be used by EN  1991  and the design Eurocodes for ultimate limit 

state verif cation, as follows:

a)  , k, P Q,1 k,1 Q, 0, k,

1 1

“ ” “ ” “ ”G j j i i i

j i

G P Q Qg g g g y
≥ >

+ + +Â Â  (6.10)

The procedure using expression  6.10 is denoted as case A  in this paper.

For this case the combination of actions is  governed by a leading variable 

action Qk,1  represented by its characteristic value and multiplied by its appro-

priate safety factor gQ.  Other variable actions Qk, i  for i   >   1  which may act 

simultaneously with the leading variable action Qk,1  are taken into account 

as accompanying variable actions and are represented by their combination 

value, i.e. their characteristic value reduced by the relevant combination 
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factor, y0, and are multiplied by the appropriate safety factor to obtain the 

design values.

The permanent actions are taken into account with their characteristic values, 

and are multiplied by the load factor gG.  Depending on whether the perma-

nent actions act favourably or unfavourably they have different design values.

This is  explained in Figure  0.5.

b)  or the less favourable of the two following expressions:

 g g g y g y
≥ >

+ + +Â ÂG, k, P Q,1 0,1 k,1 Q,i 0, k,

1 1

“ ” “ ” “ ”j j i i

j i

G P Q Q  (6.10a)

 G, k, P Q,1 k,1 Q,i 0, k,

1 1

“ ” “ ” “ ”j j j i i

j i

G P Q Qx g g g g y
≥ >

+ + +Â Â  (6.10b)

The procedure using expressions  6.10a and 6.10b is denoted as case  B.

In expression  6.10a, there is  no leading variable action:  all the variable actions 

are taken into account with their combination value, i.e. their value is reduced 

by the relevant combination factor y0.  The permanent actions  are taken into 

account as in expression  6.10, and the unfavourable permanent actions may 

be considered as the leading action in the combination of actions. All the 

actions are multiplied by the appropriate safety factors, gG  or gQ.

In expression  6.10b the combination of actions is governed by a leading vari-

able action represented by its characteristic value as in expression  6.10 with 

the other variable actions being taken into account as accompanying variable 

actions and are represented by their combination value, i.e. their character-

istic value is reduced by the appropriate combination coeff cient of a variable 

action y0.  But the unfavourable permanent  actions are taken into account 

Design

effect

Effect of Combined

with

Permanent

actions

Prestress Leading variable

action

Accompanying

variable actions

Figure 0.5.  ULS verifi cation (persistent and transient design situation)  

expression 6.1 0
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with a characteristic value reduced by a reduction factor,  x,  which may be 

considered as a combination factor.

All the actions are multiplied by the appropriate load factors, gG  or gQ.  When 

the envelope of the two expressions showing the less favourable effects of 

expressions  6.10a and 6.10b is determined, generally expression  6.10a applies 

to members where the ratio of variable action to total action is low, i.e. for 

heavier structural materials, and 6.10b applies where the same ratio is  high, 

i.e. for lighter structural materials.

c)  or expression  6.10a modif ed to include  self- weight only and expres-

sion  6.10b, as shown as follows:

 G, k, P

1

“ ”j j

j

G Pg g
≥

+Â  (6.10a, modif ed)

 G, k, P Q,1 k,1 Q, 0, k,

1 1

“ ” “ ” “ ”j j j i i i

j i

G P Q Qx g g g g y
≥ >

+ + +Â Â  (6.10b)

The procedure using expressions 6.10a modif ed and 6.10b is denoted as 

case  C.  This case is very similar to case  B but the f rst of pair expressions 

includes only permanent actions.

In the preceding text:

“+” implies ‘to be combined with’

Â  implies ‘the combined effect of’

x is  a reduction factor for unfavorable permanent actions G

EN  1990 allows through NDPs and the national annexes for

•  the choice of which of the three combination expressions given in EN  1990 

to use;  and

•  the specif cation of appropriate safety factors, g, and combination coef-

f cients, y and x, for actions

which should be used nationally.

Comparison of expressions for the combination of the effects of actions 

between BSI structural codes of practice and EN  1990 (note that the factors 

of safety for permanent and variable actions are lower in EN  1990)  using 

expression  6.10, are shown as follows.

For one variable action ( imposed or wind)
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•  BSI:   1 .4Gk   +  (1 .4 or 1 .6)Qk

•  EN  1990:  1 .35Gk   +  1 .5Qk

For two or more variable actions ( imposed +  wind)

•  BSI:   1 .2Gk   +  1 .2Qkl   +  1 .2Qk2

•  EN  1990:  1 .35Gk   +  1 .5Qkl   +  0.75Qk2

where

Gk  is  the characteristic value for permanent actions, and

Qk  is  the characteristic value for variable actions

Choice of load combination expressions for the UK national annex 

to EN  1990

Based on an investigation by Gulvanessian and Holický  [3] , the following 

two combinations have been adopted in the UK national annex for EN  1990 

for buildings.

•  Expression  6.10 with gG   =  1 .35  and gQ   =  1 .5

•  Expressions  6.10a and 6.10b with gG   =  1 .35, gQ   =  1 .5  and x  =  0.925

All recommended g and y ( except y0  for wind actions, where in the UK 

national annex y0   =  0.5)  values have been adopted by the UK national annex 

for EN  1990, and are generally being adopted by most CEN Member States.

For bridges only the use of expression  6.10 is permitted.

Load combination expressions in EN  1990 for accidental design 

situations

For the ultimate limit states verif cation for accidental design situations, 

EN  1990 requires the following combination expression to be investigated:

2,k, d 1 ,1 2,1 k,1 k,

1 1

“ ” “ ” “ ” (  or ) “ ”j i i

j i

P A Qy y y
≥ >

+ + + +Â ÂG Q

The choice between y1 ,1Qk,1  or y2,1Qk,1  should be related to the relevant acci-

dental design situation ( impact, f re or survival after an accidental event or 

situation). In the UK national annex to EN  1990, y1 ,1Qk,1  is  chosen.
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The combinations of actions for accidental design situations should either

•  involve an explicit accidental action  A  (f re or impact) ;  or

•  refer to a situation after an accidental event (A   =   0) .

For f re situations, apart from the temperature effect on the material proper-

ties,  Ad  should represent the design value of the indirect thermal action due 

to f re.

The expression for the accidental design situation specif es  factors of safety of 

unity both for the  self- weight and the accidental action Ad  and a frequent or 

 quasi- permanent value for the leading variable action. The philosophy behind 

this is the recognition that an accident on a building or construction works 

is a very rare event (although when it does occur the consequences may be 

severe)  and hence EN  1990 provides an economic solution.

Serviceability limit states

For the serviceability limit states verif cation, EN  1990 stipulates that:

Ed   £  Cd  (6.13)

where

Cd  is  the limiting design value of the relevant serviceability criterion, and

Ed  is  the design value of the effects of actions specif ed in the serviceability 

criterion, determined on the basis of the relevant combination.

Combination of actions for the serviceability limit states

For the serviceability limit states verif cation, EN  1990 requires the three 

following combinations to be investigated:

a)  The characteristic (rare)  combination used mainly in those cases when 

exceedance of a limit state causes a permanent local damage or permanent 

unacceptable deformation.

 k, k ,1 0, k,

1 1

“ ” “ ” “ ”j k i i

j i

G P Q Qy
≥ >

+ + +Â Â  (6.14b)
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b)  The frequent combinations used mainly in those cases when exceedance of 

a limit state causes local damage, large deformations or vibrations which 

are temporary.

 k, 1 ,1 k,1 2, k,

1 1

“ ” “ ” “ ”j i i

j i

y y
≥ >

+ + +Â ÂG P Q Q  (6.15b)

c)  The  quasi- permanent combinations used mainly when long term effects 

are of importance.

 k, 2, k,

1 1

“ ” “ ”j i i

j i

y
≥ ≥

+ +Â ÂG P Q  (6.16b)

Partial factors for serviceability limit states

Unless otherwise stated (e.g. in EN  1991  to 1999), the partial factors for serv-

iceability limit states are equal to 1 .0. y factors are given in Table 1 .3  in the 

chapter on Eurocode 1  in this book.

Conclusions

EN  1990 is a fully operative code and the concept of a fully operative 

 material- independent code is new to the European design engineer. It is  

certainly not a code that should be read once and then placed on the book-

shelf. It is  the key Eurocode that sets the requirements for design, material, 

product and execution standards. EN  1990 needs to be fully understood as 

it is  key to designing structures that have an acceptable level of safety and 

economy, with opportunities for innovation.

A course and a designers guide for EN  1990 are available in the UK through 

Thomas Telford Ltd. of the Institution of Civil Engineers.

Regarding implementation of EN  1990 in the UK, EN  1990 was published in 

April 2002 and the UK national annex for buildings was published in 2004. 

The UK national annex for bridges is  due in 2009.

References

[1 ]  Gulvanessian H., Calgaro J.A, Holický M. Designers’ Guide to EN  1 990: Eurocode: 

Basis of Structural Design, Thomas Telford, London, 2002

http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03202162U


Eurocode: Basis of structural design

41

[2]  Calgaro J.A., Gulvanessian H. Management of reliability and risk in the Eurocode 

system. Conference – Safety, Risk and Reliability, Malta – Trends in Engineering. 

IABSE 2001 .

[3]  Gulvanessian H., Holický M. Eurocodes: Using reliability analysis to combine action 

effects.  Proceedings of the Institution of Civil Engineers,  Structures and Buildings, 

Thomas Telford, London, 2005



42

Eurocode 1 :  Actions on structures

Professor Haig Gulvanessian CBE, Civil Engineering

and Eurocode Consultant

Background

This chapter gives a brief summary of the scope, f eld of application and 

difference within UK practice for each Part of EN  1991 .

EN  1991  (Eurocode 1 :  Actions on structures)  provides comprehensive infor-

mation and guidance on all actions that it is  normally necessary to consider 

in the design of buildings and civil engineering works. The European Union 

initiated the preparation of EN  1991  in 1985. All Parts have been published 

as have all the corresponding UK national annexes. This chapter describes the 

scope of Eurocode  1  and its main provisions.

EN  1991  comprises 10 Parts as shown in Table  1 .1 . The background to 

these ten Parts is comprehensively described by Gulvanessian, Formichi and 

Calgaro  [1 ]  and Calgaro, Tchumi and Gulvanessian  [2] . The Parts are referred 

to in this chapter by their designated EN  numbers. These Parts will provide 

the actions for use with EN  1990 Eurocode: Basis of structural design, and 

EN  1992–EN 1999 as appropriate, for design and verif cation on the basis of 

overall principles given in EN  1990.

Difference between EN  1991  and the UK system of loading codes

Each Part of EN  1991  gives unique guidance on a particular type of action. 

Within each Part, guidance is provided for buildings and other construction 

works, e.g. bridges. This is different to the British Standard system of loading 

codes where the codes are based on the type of structure, e.g. BS  6399 for 

buildings and BS  5400 for bridges.
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Def nition of actions in EN  1990

In EN  1990 and EN  1991 , actions are classif ed by their:

a)  variation in time  – permanent, variable or accidental;

b)  origin  – direct or indirect;

c)  spatial variation  – f xed or free;  and

d)  nature and/or structural response  – static or dynamic.

Actions are described by a model, its magnitude being represented in the most 

common cases by one scalar, e.g. vehicle axle spacing, and its magnitude is 

commonly represented by a single scalar. The scalar may adopt several repre-

sentative values, e.g. a dominant ( leading)  or  non- dominant (accompanying)  

action. Several scalars are used for  multi- component action. More complex 

representations are required for fatigue and dynamic actions.

Table  1 .2 gives examples of the classif cation of actions with regard to vari-

ation in time.

The term single action is also used to def ne an action which is statistically 

independent in time and space from any other action acting on the structure.

The  self- weight of a structure can be represented by a single characteristic 

value, (Gk) , provided the variability of G  is  small, and it can be calculated on 

the basis of the nominal dimensions and the mean unit mass. If the variability 

of G  is  not small and the statistical distribution is known, two values are 

used:  an upper value (Gk,sup)  and a lower value (Gk,inf) .  More information on 

this subject has been given by Ostlund  [3] .

Table 1 .1 .  The Parts of Eurocode 1: Actions on structures

EN Part number Title of Part

1 991 -1 -1

1 991 -1 -2

1 991 -1 -3

1 991 -1 -4

1 991 -1 -5

1 991 -1 -6

1 991 -1 -7

1 991 -2

1 991 -3

1 991 -4

Densities,  self-weight and imposed loads

Actions on structures exposed to fi re

Snow loads

Wind actions

Thermal actions

Actions during execution

Accidental actions due to impact and explosions

Traffi c loads on bridges

Actions induced by cranes and machinery

Actions in silos and tanks

http://dx.doi.org/10.3403/03202162U
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Table 1 .2.  Classifi cation of actions

Permanent actions Variable actions Accidental  actions

a) Self-weight of 

structures,  fi ttings and 

fi xed equipment

b) Prestressing force

c) Water and soil  

pressures

d) Indirect action,  e.g.  

settlement of supports

a) Imposed fl oor loads

b) Snow loads

c) Wind loads

d) Indirect action,  e.g.  

temperature effects

e) Actions due to traffi c

a) Explosions

b) Fire

c) Impact from vehicles

Characteristic value Qk

Combination value y0Qk

Frequent value y 1Qk

Quasi-permanent value y 2Qk

Time

A
rb
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ry
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o
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e
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Figure 1 .1 .  Representative values



Eurocode 1 : Actions on structures

45

A variable action has the following representative values (see Figure  1 .1 );

•  the characteristic value, Qk;

•  the combination value, y0Qk;

•  the frequent value, y1Qk;

•  the  quasi- permanent value, y2Qk.  

The combination value, y0Qk, takes account of the reduced probability of 

simultaneous occurrence of the most unfavourable values of several inde-

pendent variable actions. It is  used for the verif cation of ultimate limit states 

and irreversible serviceability limit states. The frequent value, y1Qk, is  used 

for verif cation of ultimate limit states involving accidental actions and revers-

ible limit states. The  quasi- permanent value, y2Qk, is  also used for ultimate 

limit state verif cation involving accidental actions and for reversible service-

ability limit states. The recommended values of y0, y1 , y2  for buildings are 

shown in Table  1 .3  (reproduced from EN  1990).

Table 1 .3.  y factors for buildings

Action y0 y1 y2

Imposed loads in  buildings,  category (see EN 1 991 -1 -1 )

Category A:  domestic,  residential  areas

Category B:  offi ce areas

Category C:  congregation areas

Category D:  shopping areas

Category E:  storage areas

Category F:  traffi c area,  vehicle weight £  30 kN
Category G:  traffi c area,  30 kN < vehicle weight £  1 60 kN
Category H:  roofs

0.7

0.7

0.7

0.7

1 .0

0.7

0.7

01

0.5

0.5

0.7

0.7

0.9

0.7

0.5

0

0.3

0.3

0.6

0.6

0.8

0.6

0.3

0

Snow loads on buildings (see EN 1 991 -1 -3)

Finland,  Iceland,  Norway,  Sweden

Remainder of CEN Member States,  for sites located at 

altitude H >  1 000 m A.S.L.

Remainder of CEN Member States,  for sites located at 

altitude H £  1 000 m A.S.L.

0.70

0.70

0.50

0.50

0.50

0.20

0.20

0.20

0

Wind loads on buildings (see EN 1 991 -1 -4) 0.62 0.2 0

Temperature (non-fi re) in  buildings (see EN 1 991 -1 -5) 0.6 0.5 0

1  0.7 in  the UK national  annex.
2 0.5 in  the UK national  annex.

http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/02612063U
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Information on combining Actions for particular design situations is  given 

in the Chapter on EN  1990 for both ultimate and serviceability limit states.

EN  1991-1-1  Eurocode 1 : Part 1 .1 : Densities,  self- weight and 
imposed loads

Scope and f eld of application

EN  1991-1-1  covers the assessment of actions for use in structural design due to:

a)  the density of construction materials and stored materials;

b)  the  self- weight of structural elements and whole structures and some f xed 

 non- structural items,

c)  imposed loads on f oors and roofs of buildings (but excluding snow, which 

is covered by Part  1 .3) .

Densities of construction and stored materials

Differences in the national codes of the CEN  Member States imposed 

constraints on the development of this part of Eurocode  1 . It was not possible 

to describe the densities of the construction or stored materials as either mean 

or characteristic values since both of these terms imply some understanding 

of the underlying statistical distribution of the densities. They are therefore 

called nominal densities but can be treated as characteristic values when 

determining  self- weights. EN  1991-1 -1 , in its Annex  A, gives comprehensive 

tables for densities of construction and stored materials, which are therefore 

described as nominal values. For materials where the bulk weight density has 

signif cant variability according to its source, a range of values is provided. As 

an example, ‘Table  A.4 Construction  materials- metals’  is  shown in Table  1 .4.

The guidance given in EN  1991-1 -1  on densities is generally similar to that 

contained in BS  648  which will be withdrawn.

 Self- weight of structural elements

Methods are provided for assessing the  self- weight of construction elements in 

buildings, e.g. f oors, walls, partitions, roofs, cladding, f nishes and f xed services.

http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/02612063U
http://dx.doi.org/10.3403/02612063U
http://dx.doi.org/10.3403/02612063U
http://dx.doi.org/10.3403/02612063U
http://dx.doi.org/10.3403/00043553U
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As in BS  6399-1 , loads due to movable partitions are treated as imposed 

loads but in a slightly different way and there is  no minimum load on f oors 

of off ces.

Provided that a f oor allows a lateral distribution of loads, the  self- weight 

of movable partitions may be taken into account by a uniformly distributed 

load, qk, which should be added to the imposed loads of f oors. This def ned 

uniformly distributed load is dependent on the  self- weight of the partitions 

as follows:

•  for  movable partitions with a  self- weight  £    1 .0 kN/m wall length:  

qk   =   0.5  kN/m2;

•  for movable partitions with a  self- weight  £    2.0 kN/m wall length:  

qk   =   0.8  kN/m2;

•  for movable partitions with a  self- weight  £    3 .0 kN/m wall length:  

qk   =   1 .2 kN/m2.

For both traff c and railway bridges, the determination of the  self- weight of 

construction elements including coating, services and other  non- structural 

elements is  also explained. To determine the upper and lower character-

istic values of  self- weight of waterproof ng, surfacing and other coatings for 

bridges, where the variability of their thickness may be high, a deviation of 

the total thickness from the nominal or other specif ed values should be taken 

into account for which recommended values are given.

Table 1 .4.  Table A.4 – Construction  materials- metals (from EN 1 991 -1 -1 )

Materials Density g  (kN/m3)

Metals

Aluminium

Brass

Bronze

Copper

Iron,  cast

Iron,  wrought

Lead

Steel

Zinc

27.0

83.0 to 85.0

83.0 to 85.0

87.0 to 89.0

71 .0 to 72.5

76.0

1 1 2.0 to 1 1 4.0

77.0 to 78.5

71 .0 to 72.0

http://dx.doi.org/10.3403/02612063U
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Imposed loads on buildings

Table 4 of EN  1991-1 -1  gives characteristic values of loads for f oors and 

roofs for the following categories of occupancy and use:

•  residential, social, commercial and administration areas;

•  garage and vehicle traff c;

•  areas for storage and industrial activities including actions induced by 

forklifts and other transport vehicles;

•  roofs;

•  helicopter landing areas;

•  barriers and walls having the function of barriers.

A reduction factor aA  may be applied to the qk  values for imposed loads given 

in EN  1991-1 -1  for f oors, and accessible roofs for maintenance purposes. aA 

is a function of y0  and the f oor area A.

Additionally, provided that the area is classif ed according to EN  1991-1 -1  6.1  

into the categories residential, social, commercial and administration areas 

(categories  A to D as described in Table  4 of EN  1991-1 -1 ), for columns and 

walls the total imposed loads from several storeys may be multiplied by the 

reduction factor an  (where an is a function of y0  and the number of stories n) .

The UK national annex does not allow the use of these reduction factors and 

specif es the use of the reduction factors in BS  6399-1 . The difference in reduc-

tion factors aA  and  an are shown in Tables  1 .5  and 1 .6 respectively which are 

reproduced from Designers’ Guide to Eurocode 1 : Actions on Buildings   [1 ] .

The basis for the determination of the characteristic loads is  given by Gulva-

nessian, Formichi and Calgaro  [1 ] .

Table 1 .5.  Reduction factor aA for fl oors (EN 1 991 -1 -1  versus national  annex)

A  (m2) aA
(EN 1 991 -1 -1 )

y0  =  0.7

aA
(UK national  annex for 

EN 1 991 -1 -1 )

40

80

1 20

1 60

240

0.75

0.63

0.60

0.60

0.59

0.96

0.92

0.88

0.84

0.76

http://dx.doi.org/10.3403/02612063U
http://dx.doi.org/10.3403/02612063U
http://dx.doi.org/10.3403/02612063U
http://dx.doi.org/10.3403/02612063U
http://dx.doi.org/10.3403/00024050U
http://dx.doi.org/10.3403/02612063U
http://dx.doi.org/10.3403/02612063U
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Implications for practice in the UK

The scope of BS  EN  1991-1 -1  is  greater than for the appropriate UK national 

codes (BS  6399-1  and BS  648). There remain some topics (e.g. vertical loads on 

parapets and values for actions for storage and industrial use)  which are not 

covered as comprehensively in BS  EN  1991-1 -1  when compared to BS  6399, 

and these topics will feature in a complementary document published by BSI, 

PD  6688-1 -1 , which will also provide background information.

Most of the characteristic values for imposed loads are given in ranges, with 

a value recommended within the range, and the UK national annex generally 

specif es  the values given in BS  6399-1 . EN  1991-1 -1  used together with the 

national annex will not alter current practice in the UK.

EN  1991-1-2 Eurocode 1 : Part 1 .2: Actions on structures 
exposed to f re

Scope and f eld of application

EN  1991-1 -2 covers the actions to be used in the structural design of build-

ings and civil engineering works where they are required to give adequate 

performance in f re exposure. It is  intended that EN  1991-1 -2 is used with 

Table 1 .6.  Reduction factor an  for imposed loads from several  storeys 

(EN 1 991 -1 -1  versus national  annex)

n an

(EN 1 991 -1 -1 )

y0  =  0.7

an

(UK national annex for 

EN 1 991 -1 -1 )

1

2

3

4

5

6

7

8

9

1 0

1

1

0.9

0.85

0.82

0.8

0.79

0.78

0.77

0.76

1

0.9

0.8

0.7

0.6

0.6

0.6

0.6

0.6

0.6

http://dx.doi.org/10.3403/02612063U
http://dx.doi.org/10.3403/02612063U
http://dx.doi.org/10.3403/02612063U
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http://dx.doi.org/10.3403/02612063U
http://dx.doi.org/10.3403/BS6399
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EN  1990 and with the Parts on structural f re design in Eurocodes  2 to 6 and 

9   [4] , [5]  and [6] . For f re design, f re actions are the dominant action.

EN  1991-1 -2 provides general guidance and actions for the structural design 

of buildings exposed to f re. In addition to the foreword and Section 1  

‘General’, EN  1991-1 -2  [4]  contains the following main sections:

•  Section 2 Structural f re design procedure;

•  Section 3  Actions for temperature analysis ( thermal actions);

•  Section 4 Actions for structural analysis (mechanical actions);

•  Annex A ( informative)  Parametric  temperature/ time curves;

•  Annex B ( informative)  Thermal actions for external members  – simplif ed 

calculation method;

•  Annex C ( informative)  Localized f res;

•  Annex D ( informative)  Advanced f re models;

•  Annex E ( informative)  Fire load densities;

•  Annex F ( informative)  Equivalent time of f re exposure;

•  Annex G ( informative)  Conf guration factor.

The Parts 1–2 of material Eurocodes EN  1992 to EN  1996 and EN  1999 

that deal with passive f re protection of construction works made of different 

materials represent an extension of the basic document EN  1991-1 -2.

Essentially the objective is  to limit risk to life from f re by meeting the 

following performance requirements of the structure:

•  to maintain load bearing function during the relevant f re exposure;

•  to meet deformation criteria where the separating or protecting function 

of the construction may be impaired by structural deformation in the f re;

•  to maintain separating function, i.e. no integrity or insulation failure during 

the relevant f re exposure where f re compartmentalization is required.

Basic approaches in EN  1991-1-2

As indicated in Figure  1 .2, two possible methods are given in EN  1991-1 -2 

to determine thermal actions due to f re:  the prescriptive approach and the 

 performance- based approach.

The prescriptive approach uses nominal f res ( standard temperature/time 

curves)  to determine the thermal actions.

http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/02700262U
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The  performance- based approach, using f re safety engineering, refers to 

thermal actions based on physical and chemical parameters (parametric 

temperature/time curves) . At the present time it is  possible to undertake a 

procedure for determining adequate performance which incorporates some, 

if not all, of these parameters, and to demonstrate that the structure, or its 

members, will give adequate performance in a real building f re.

However, where the procedure is based on a nominal f re (standard tempera-

ture/time curve), the required periods of f re resistance may be specif ed in such 

a way that the features and uncertainties considered by  performance- based 

approach described previously are taken into account (though not explicitly).

For the f rst time in an international standard, informative annexes provide 

models for more realistic calculation of thermal actions. They use  so- called para-

metric temperature/time curves or the equivalent time of f re exposure approach.

‘Parametric f re’  is a general term which covers f re evolution more in line 

with real f res and takes into account the main parameters which inf uence 

Prescriptive rules  

(nominal  fire)  
Performance-based code
(physical  thermal  actions)  

Selection  of fire  
 development models

Analysis of 

a member 
Analysis of a  
 structural  part 

Analysis of  

entire structure 

Analysis of 

a member 
Analysis of a 

  structural  part  
Analysis of  

entire structure 

Design  procedures 

Figure 1 .2.  Design procedures in EN 1 991 -1 -2
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the growth of f res. Parametric temperature/time curves therefore vary mainly 

with building size, type of construction, f re load and size of openings. This 

Part does not provide all the data needed to allow a  performance- based struc-

tural f re design.

A further informative annex of this Eurocode gives guidance on the determi-

nation of f re load densities using ‘the global f re safety concept’. The design 

value is either based on a national f re load classif cation or a survey of f re 

loads combined with partial factors to take account of f re consequences, f re 

frequency and active f re safety measures  [6] .

Design procedure

Design f re scenarios

Structural f re design involves thermal actions due to f re as well as mechan-

ical actions. As indicated in Figure  1 .2, the thermal actions may be determined 

using either prescriptive rules (nominal f re)  or physical based rules (parametric 

thermal curves). Actions due to f re are classif ed as accidental actions and 

should be combined with mechanical actions using combination rules provided 

in EN  1990 for the accidental design situation. The combined occurrence of a 

f re in a building and an extremely high level of mechanical loads are assumed 

to be very small. Simultaneous occurrence with other independent accidental 

actions need not be considered. However, EN  1991-1-2 does require considera-

tion of risks of f re in the wake of other accidental actions.  Post- f re situations 

after the structure has cooled down are not within the scope of the document.

In accordance with clause  2 of EN  1991-1 -2, a structural f re design analysis 

should follow these steps:

•  selection of the relevant design f re scenarios;

•  determination of the corresponding design f res;

•  calculation of temperature evolution within the structural members;

•  calculation of the mechanical behaviour of the structure exposed to f re.

Selection of the relevant design f re scenarios and corresponding design f res 

should be done on the basis of general principles of risk analysis taking into 

account possible risks due to other accidental actions. The design f re should 

usually be applied only to one f re compartment.  Post- f re situations after the 

structure has cooled down need not be considered in f re design.

http://dx.doi.org/10.3403/03202162U
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Temperature analysis should take into account the position of f re in rela-

tion to the structural member and separating walls. Depending on partic-

ular conditions, the analysis may be based on a nominal temperature curve 

without a cooling phase of full duration of the f re.

Mechanical analysis

The analysis of mechanical behaviour of a member should consider the same 

duration as the temperature analysis. In accordance with clause  2 of EN  1991-

1 -2, three design requirements should be generally verif ed. The time require-

ment is  given by the inequality:

tf ,d  ≥  tf ,requ

where

tf ,d is the design value of the f re resistance time, and

tf ,requ  is  the required f re resistance time

Considering bearing capacity of a structural member the following condition 

is applied

Rf ,d,t   ≥  Ef ,d,t

where

Rf ,d,t  is  the design value of resistance of the member in the f re situation at 

time t, and

Ef ,d,t  is  the design value of the load effect of the relevant actions in the f re 

situation at time t.

In addition to the design criteria expressed by the previous expressions, in some 

cases the material temperature should also be checked using the condition

Qd   £  Qcr,d

where

Qd  is  the design value of material temperature, and

Qcr,d  is  the design value of the critical material temperature

A number of computational tools and software products are available to 

verify the three design conditions above.
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Implementation for practice in the UK

Passive f re resistance is now fully covered by the Structural Eurocodes. The 

UK national annex to EN  1991-1 -2 refers to a complementary document, 

PD  6688-1 -2, which will provide background information to the national 

annex. Generally, the national annex will ensure that current UK practice is  

safeguarded.

EN  1991-1-3  Eurocode  1 : Part  1 .3: Snow loads

Scope and f eld of application

EN  1991-1 -3  provides guidance for the calculation of:

•  snow loads on roofs which occur in calm or windy conditions;

•  loads on roofs which occur where there are obstructions, and by snow 

sliding down a pitched roof onto snow guards;

•  loads due to snow overhanging the cantilevered edge of a roof;

•  snow loads on bridges.

EN  1991-1 -3  applies to:

•  snow loads in both maritime ( i.e. UK)  and continental climates;

•  new buildings and structures;

•  signif cant alterations to existing buildings and structures.

It does not generally apply to sites at altitudes above 1500 m.

The basis of EN  1991-1 -3  has been described elsewhere [1 ] ,   [7] .

The scopes of BS  EN  1991-1 -3  and BS  6399-2 ( those relating to snow loads)  

are similar. However, BS  EN  1991-1 -3  applies to sites at altitudes to 1500 m 

(the limit in BS  6399-2 is 500 m).

Format for taking account of climatic variation

Both the initial deposition and any subsequent movements of snow on a roof 

are affected by the presence of wind. In design the general lack of data on the 

combined action of wind and snow is normally overcome by considering one 

http://dx.doi.org/10.3403/02700262U
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or more critical design situations. For snow loads the load arrangement for 

these situations are described below.

Undrifted snow load on the roof

Load arrangement which describes the uniformly distributed snow load on 

the roof, affected only by the shape of the roof, before any redistribution of 

snow due to other climatic actions.

Drifted snow load on the roof

Load arrangement which describes the snow load distribution resulting from 

snow having been moved from one location to another location on a roof, e.g. 

by the action of the wind.

Owing to the climatic variability across Europe, EN  1991-1 -3  provides 

different rules for ‘maritime’  and ‘continental’  weather systems. The alterna-

tives apply for specif c locations.

•  For maritime weather systems where all the snow usually melts and clears 

between the individual weather systems and where moderate to high wind 

speeds occur during the individual weather system.

•  For continental weather systems where the snow that falls is more persistent 

and where snow falling in calm conditions may be followed by further 

snow, carried by another weather system driven by wind and there may be 

several repetitions of these events before there is any signif cant thawing.

Maritime weather systems are associated with single snow events which occur 

in regions where the snow fall is  considered to be associated with a weather 

systems of about 3  to 4  days’  duration and where there is a reasonable expec-

tation that the snow deposited on roofs will thaw between the arrival of one 

weather system and the next, e.g. in the UK. This situation requires the sepa-

rate consideration of either uniform snow load or a drift load as the two are 

not expected to occur together.

Continental weather systems are associated with multiple snow events which 

occur where snow is more persistent and where snow falling in calm condi-

tions may be followed by further snow, carried by another weather system 

driven by wind and where there may be several repetitions of these events 

http://dx.doi.org/10.3403/02855923U
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before signif cant thawing. In these situations the accumulations are combined 

into a single load case.

It is  left to the national annex to specify which should be used for a particular 

region.

For the two following conditions, snow loads may be treated as accidental 

actions.

i. Exceptional snow load on the ground in some regions, particularly 

southern Europe, where isolated and extremely infrequent very heavy 

snow falls have occurred

ii. Exceptional snow drifts ( in maritime climates, e.g. UK).

Characteristic value of snow load on the ground

The snow load on the ground is that assumed to occur in perfectly calm 

conditions. It is  usually determined from records of snow load or snow depth 

measured in  well- sheltered areas. The characteristic value is def ned as the 

value with an annual probability of exceedance 0.02.

In the BS  EN  1991-1 -3  snow map, the UK is divided into zones. An expres-

sion is given to determine the snow load on the ground which depends upon 

the zone number and the altitude of the site. This is  different to the snow 

map in BS  6399 in which the snow load on the ground is determined through 

isopleths.

Method of assessment of snow load on the roof

The snow load on the roof is  determined by multiplying the characteristic 

value of the snow load on the ground by a snow load shape coeff cient m.  

The snow load on the roof is  affected by the topography of the site and the 

amount of heat loss through the roof and EN  1991-1 -3  makes provision for 

adjustment of the roof snow load using an exposure and thermal coeff cient 

factors. Thus snow loads on roofs for the persistent/transient design situa-

tions are determined as follows:

i e t ks C C sm=

where:
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mi  is  the snow load shape coeff cient

sk  is  the characteristic value of snow load on the ground

Ce  is  the exposure coeff cient

Ct  is  the thermal coeff cient

Snow load shape coeff cients

The different snow load coeff cients to be considered in design relate to 

different climatic conditions (maritime and continental)  and are given for 

both the  un- drifted and the drifted load arrangements.

EN  1991-1 -3  provides shape coeff cients for  mono- pitch,  duo- pitched, 

 multi- pitched and cylindrical roofs and coeff cients for drifting at abrupt 

changes in roof height and at obstructions on roofs for both maritime and 

continental climate areas.

As an example, Figure  1 .3  shows snow load shape coeff cients for continental 

and maritime climates. In the diagrams, case  ( i)  indicates the  un- drifted load 

arrangement and cases  ( ii)  and ( iii)  indicate the drifted load arrangements.

Implications for practice in the UK

EN  1991-1 -3  is  very similar to BS  6399-2 and should not provide any prob-

lems to the UK engineer. However, EN  1991-1 -3  does not provide prescriptive 

clauses for certain small building roofs as BS  6399-2 does.

EN  1991-1-4 Eurocode 1 : Part 1 .4: Wind actions

Scope and f eld of application

BS  EN  1991-1 -4 is applicable to:

•  building and civil engineering works with heights up to 200  m;

•  bridges with spans of not more than 200  m (subject to certain limitations 

based on dynamic response criteria) ;

•   land- based structures, their components and appendages.

The specif c exclusions are:

http://dx.doi.org/10.3403/02855923U
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•  lattice towers with  non- parallel chords;

•  guyed masts and guyed chimneys;

•  cable supported bridges;

•  bridge deck vibration from transverse wind turbulence;

•  torsional vibrations of buildings;

•  modes of vibration higher than the fundamental mode.

The contents of EN  1991-1 -4 are as follows:

Section 1   General

Section 2  Design situations

Section 3   Modelling of wind actions

Section 4  Wind velocity and velocity pressure

Section 5   Wind actions

m1 (a1 ) m1 (a2)

m1 (a2)0.5m1 (a1 )

m1 (a1 ) 0.5m1 (a2)

Case (i )  

Case (i i )  

Case (i i i )  

(a)  

a1 a2

m1 (a1 ) m1 (a2)

m1 (a2)

m1 (a1 )

Case (i )  

Case (i i )  

Case (i i i )  

(b)  

a1 a2

Figure 1 .3.  Snow load shape coeffi cients (a)  for continental  climates and

(b)  for maritime climates
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Section 6  Structural factor cscd
Section 7  Pressure and force coeff cients

Section 8   Wind actions on bridges

Annex A ( informative)  Terrain effects

Annex B ( informative)  Procedure 1  for structural factor cscd
Annex C ( informative)  Procedure 2 for structural factor cscd
Annex D ( informative)  Graphs of cscd  for common building forms

Annex E ( informative)  Vortex shedding and aeroelastic instabilities

Annex F ( informative)  Dynamic characteristics of structures

Modelling of wind actions

The nature of wind actions is  that they f uctuate with time and act directly 

as pressures on the external surfaces of enclosed structures and, because of 

porosity of the external surface, also act indirectly on the internal surfaces. 

They may also act directly on the internal surface of open structures. Pres-

sures act on areas of the surface resulting in forces normal to the surface of 

the structure or of individual cladding components. Additionally, when large 

areas of structures are swept by the wind, friction forces acting tangentially 

to the surface may be signif cant.

In EN  1991-1 -4, a wind action is represented by a simplif ed set of pressures 

or forces whose effects are equivalent to the extreme effects of the turbulent 

wind.

The wind actions calculated using EN  1991-1 -4 are characteristic values. 

They are determined from the basic values of wind velocity or the velocity 

pressure. The basic values are characteristic values having annual probabili-

ties of exceedence of 0.02, which is equivalent to a mean return period of 

50  years.

The effect of the wind on the structure ( i.e. the response of the structure), 

depends on the size, shape and dynamic properties of the structure. EN  1991-

1 -4 covers dynamic response due to  along- wind turbulence in resonance 

with the  along- wind vibrations of a fundamental f exural mode shape with 

constant sign.

The response of structures is  calculated from the peak velocity pressure, qp, 

at the reference height in the undisturbed wind f eld, the force and pressure 

coeff cients and the structural factor cscd·qp  depends on the wind climate, the 

terrain roughness and orography, and the reference height.

http://dx.doi.org/10.3403/03252196U
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The fundamental value of the basic wind velocity, vb,0, is the characteristic 

10 min mean wind velocity, irrespective of wind direction and time of year, at 

10 m above ground level in open country terrain with low vegetation such as 

grass and isolated obstacles with separations of at least 20 obstacle heights 

(Terrain Category  II, see Table  1 .7).  The UK national annex provides a map 

on this basis.

Wind velocity and velocity pressures

The basic wind velocity shall be calculated from the expression below:

b dir season b,0v c c v=

where

vb  is  the basic wind velocity

vb,0  is  the fundamental value of the basic wind velocity, as def ned above

cdir  is  the directional factor, and

cseason  is  the season factor

The mean wind velocity vm(z)  at a height z  above the terrain depends on the 

terrain roughness and orography and on the basic wind velocity, vb, and is 

determined from the expression below

Table 1 .7.  Terrain categories and terrain parameters

Terrain category z0  (m) zmin  (m)

0 Sea or coastal  area exposed to the open sea 0.003 1

I  Lakes or fl at and horizontal  area with  negligible vegetation 

and without obstacles

0.01 1

I I  Area with low vegetation such as grass and isolated 

obstacles (trees,  buildings) with  separations of at least 20 

obstacle heights

0.05 2

I I I  Area with regular cover of vegetation or buildings or 

with isolated obstacles with separations of maximum 

20 obstacle heights (such as vi l lages,  suburban terrain,  

permanent forest)

0.3 5

IV Area in  which at least 1 5% of the surface is covered with 

buildings and their average height exceeds 1 5 m

1 .0 1 0

The terrain  categories are i l lustrated in  Annex A.1  of EN 1 991 -1 -4.

http://dx.doi.org/10.3403/03252196U
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m r o( ) ( ) ( )v z c z c z=

where

cr(z)  is the roughness factor, given in 4.3.2 of EN  1991-1 -4, and

co(z)  is the orography factor, taken as 1 .0 unless otherwise specif ed in 4.3.3  

of EN  1991-1 -4.

Ground roughness

The roughness factor, cr(z) , accounts for the variability of the mean wind 

velocity at the site of the structure due to:

•  the height above ground level;

•  the ground roughness of the terrain upwind of the structure in the wind 

direction considered.

The determination of cr(z)  is  dependent upon:

•  z0  the roughness length;

•  zmin  the minimum height def ned previously for the particular terrain.

EN  1991-1 -4 gives z0  and zmin  values for the terrains which are described here 

in Table  1 .7.

There are three terrain categories in the UK national annex:

•  Terrain category 0 is  referred to as sea terrain;

•  Terrain categories I and II have been considered together to give a single 

terrain category referred to as country terrain;

•  Terrain categories III and IV have been considered together to give a single 

terrain category referred to as town terrain.

•  All inland lakes extending more than 1  km in the direction of wind and 

closer than 1   km upwind of the site should be treated as sea.

Terrain orography

Where orography (e.g. hills, cliffs etc.)  increases wind velocities by more than 

5%, the effects should be taken into account using the orography factor co.

The effects of orography may be neglected when the average slope of the 

upwind terrain is less than 3°. The upwind terrain may be considered up to a 

distance of 10  times the height of the isolated orographic feature.

http://dx.doi.org/10.3403/03252196U
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The UK national annex gives a diagram (see Figure  1 .4)  that indicates 

where orography may be signif cant. Shaded areas show where orography is 

signif cant.

A summary of recommended calculation procedures for the determination of 

wind actions is  given in Table  1 .8.

It should be noted that procedures for determining some of the parameters 

(e.g. terrain category, turbulence intensity, Iv, orography coeff cient, co(z) , 

roughness coeff cient, cr(z) , structural factor, cscd)  are different in the UK 

national annex.

The value of cscd  may be taken as 1 .0 in the following cases:

•  for buildings with a height  <  15  m;

•  for cladding elements with a natural frequency  >   5  Hz;

•  for framed buildings with structural walls of  <   100 m and not more than 

4 times the  in- wind depth;

•  for circular  cross- section chimneys with a height  <   60 m and not more 

than 6.5   times the diameter.

0.5 ×  L if < 0.3d

1 .6 ×  H if > 0.3

1 .5 ×  L if < 0.3e

5 ×  H if > 0.3

H/2

H/2

H

H/2

H/2
H

Upwind slope     >  0.05

Downwind

slope > 0.05

Downwind

slope < 0.05

Hil l  or ridge

Escarpment

A  =  Base of upwind

orography

f f

f

f

f

Figure 1 .4.  Signifi cance of orography
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cs  accounts for the  non- simultaneous occurrence of peak pressure

cd  accounts for the vibrations of the structure due to turbulence

Wind action on bridges

Clause 8  of EN  1991-1 -4 covers wind actions on bridges and the limitations 

are given below.

•  Field of application:  span length  <   200 m, height above ground  <   200 m.

•  Road and rail bridges  <   40 m span can normally be considered to be static 

and cscd  may be taken as 1 .0.

•  Only applies to single decks (but multiple spans) .

•  Simplif ed procedure for force in  x- direction

 w p e f ref s d( ) ( )F q z c A c c=

Table 1 .8.  Recommended (EN 1 991 -1 -4) calculation procedures for the 

determination of wind actions

Parameter Subject reference 

in EN 1 991 -1 -4

Peak velocity pressure,  qp

Basic wind velocity,  vb
Reference height,  ze
Terrain category

Characteristic peak velocity pressure,  qp
Turbulence intensity,  Iv
Mean wind velocity,  vm
Orography coeffi cient,  co(z)

Roughness coeffi cient,  cr(z)

4.2 (2)P

Clause 7

Table 4.1

4.5 (1 )

4.4

4.3.1

4.3.3

4.3.2

Wind pressures,  e.g.  for cladding,  fi xings and structural  

parts

Internal  pressure coeffi cient,  cpi
External  pressure coeffi cient,  cpe
External  wind pressure,  we  =  qpcpe
Internal  wind pressure,  wi  =  qpcpi

Clause 7

Clause 7

5.1  (1 )

5.1  (2)

Wind forces on structures,  e.g.  for overall  wind effects

Structural  factor,  cscd
Wind force,  Fw,  calculated from force coeffi cients

Wind force,  Fw,  calculated from pressure coeffi cients

6

5.2 (2)

5.2 (3)
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 where

qp(ze)  is  the peak velocity pressure at height ze, and

cf is  the  force coeff cients.

Implications for practice in the UK

The scope of BS  EN  1991-1 -4 is much wider than BS  6399-2, as it includes 

wind actions on other structures, which in the UK are given in a number of 

other British Standards and design guides. In some cases, there is  no equivalent 

UK standard, e.g. dynamic response of certain buildings. The national annex 

to BS  EN  1991-1 -4, which uses substantial information from BS  6399-2, will 

refer to a complementary document, PD  6688-1 -4, which will give back-

ground information to the national annex and other essential advice. The 

effects on UK practice should prove neutral.

EN  1991-1-5  Eurocode 1 : Part  1 .5: Thermal actions

Scope and f eld of application

EN  1991-1 -5  gives principles, rules and methods of calculating thermal 

actions on buildings, bridges and other structures including their structural 

components. Principles for determining thermal actions for claddings and 

other appendages on the building are also provided.

Characteristic values of thermal actions are provided for the design of struc-

tures which are exposed to daily and seasonal climatic changes. Structures 

in which thermal actions are mainly a function of their use (e.g. chimneys, 

cooling towers, silos, tanks, warm and cold storage facilities, hot and cold 

services)  are also treated. The characteristic values of isotherms of national 

minimum and maximum shade air temperatures are provided in the form of 

maps or in other forms in the national annexes.

Underlying philosophy

The underlying philosophy of Part  1 .5  is  that the temperature distribution 

within a  cross- section leads to a deformation of the element and/or, when 

the deformation is restrained, the occurrence of stresses in the element. 

http://dx.doi.org/10.3403/03252196U
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EN  1991-1 -5  gives procedures for load bearing structures to be checked 

to ensure that thermal effects do not cause  over- stressing of the structural 

elements, either by the provision of expansion joints or by including the 

effects in the design.

Classif cation and representation of thermal actions

Thermal actions are classif ed as variable free actions and are indirect actions. 

The characteristic values given are generally 50  year return values.

EN  1991-1 -5  splits the temperature distribution within an individual struc-

tural element into the following four essential components (see Figure  1 .5) :

•  a uniform temperature component;

•  a linearly varying temperature component about the  z-  z axis;

•  a linearly varying temperature component about the  y- y axis;

•  a  non- linear temperature distribution.

Temperature changes in buildings

This section of EN  1991-1 -5  provides general guidelines and advice on 

matters which should be considered.

Thermal actions on buildings due to climatic and operational temperature 

changes need to be considered in the design of buildings where there is a 

possibility of the ultimate or serviceability limit states being exceeded due to 

thermal movement and/or stresses.

Figure 1 .5.  Representation of constituent components of a temperature 

profi le
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Volume changes and/or stresses due to temperature changes may also be 

inf uenced by:

•  shading of adjacent buildings;

•  use of different materials with different thermal expansion coeff cients 

and heat transfer;

•  use of different shapes of  cross- section with different uniform temperature.

Temperature changes in bridges

EN  1991-1 -5  treats the temperature changes in bridges in very much more 

detail than in buildings. It groups bridge superstructures into three groups:

Group 1   Steel deck on steel box, truss or plate girders;

Group 2  Concrete deck on steel box, truss or plate girders;

Group 3   Concrete slab or concrete deck on concrete beams or box girders.

The rules provided apply to bridge decks that are exposed to daily and seasonal 

climatic effects. EN  1991-1-5 states that all thermal actions should be assessed 

by the uniform temperature component and the linear temperature components.

The characteristic value of the uniform temperature component depends 

on the minimum and maximum effective temperatures which a bridge will 

achieve over a prescribed period of time. For the three groups of bridges, 

guidance is provided on the determination of the minimum/maximum bridge 

temperatures from the minimum/maximum shade air temperatures.

Guidance is provided for determining the characteristic value of the vertical 

temperature component. Two approaches are provided, and either approach  1  

(vertical linear component)  or approach  2 (vertical temperature components 

with non-linear effects)  may be used.

For approach  1  (the linear approach), over a prescribed period of time, heating 

and cooling of a bridge deck’s upper surface will result in maximum posi-

tive ( top surface warmer)  and maximum negative (bottom surface warmer)  

temperature variation. Rules for determining these values for the three groups 

of bridges (both road and rail)  and for adjusting these values to take into 

account varying thicknesses of surfacing are given.

For approach  2 ( the non-linear approach)  recommended values of vertical 

temperature differences for bridge decks are given in three f gures, which 

are similar to the corresponding f gures of BS  5400. In these f gures ‘heating’  

http://dx.doi.org/10.3403/02998937U
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refers to conditions such that solar radiation and other effects cause a gain in 

heat through the top surface of the bridge deck. Conversely, ‘cooling’  refers to 

conditions such that heat is  lost from the top surface of the bridge deck as a 

result of  re- radiation and other effects.

The UK national annex to EN  1991-1 -5  stipulates the use of approach  2.

Temperature changes in industrial chimneys and pipelines

EN  1991-1 -5  provides quantif able values for thermal actions in chimneys 

and pipelines resulting from climatic effects, due to the variation of shade air 

temperature and solar radiation. It requires the values of operating process 

temperature to be obtained from the project specif cation. For structures in 

contact with heated gas f ow or heated material (e.g. chimneys, pipelines and 

silos)  the following thermal actions are def ned:

•  temperature distribution for normal process conditions;

•  accidental temperature distribution from failures in operation.

Characteristic values of maximum and minimum f ue gas temperatures are 

not given. They are required to be provided in the project specif cation for a 

50  year return period.

Implications for practice in the UK

The guidance in this part, in particular the guidance relating to building 

structures, is  not covered in UK loading standards. The national annex to 

BS  EN  1991-1 -5  will refer to a complementary document, PD  6688-1 -5, 

which will provide background information to the national annex. Regarding 

bridges, the guidance in EN  1991-1 -5  and the UK national annex is very 

similar to current practice.

EN  1991-1-6 Eurocode 1 : Part  1 .6: Actions during execution

Scope and f eld of application

EN  1991-1 -6 covers assessment of actions, combinations of actions and 

environmental inf uences during the execution stage, including those actions 
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applied to auxiliary construction works, e.g. scaffolding, propping and 

bracing, for use in structural design of buildings and bridges.

The safety of people on construction sites is  not within the scope of 

EN  1991-1 -6.

Design situations during execution

EN  1991-1 -6 gives guidance on identif cation of transient design situations.

EN  1991-1 -6 requires that any selected transient design situation be asso-

ciated with ‘a nominal duration equal to, or greater than, the anticipated 

duration of the stage of execution under consideration’. The design situations 

should take into account the likelihood for any corresponding return periods 

of variable actions, e.g. climatic actions.

Recommended return periods of climatic actions are given depending on the 

nominal duration of the relevant design situation. Further information on 

these is  given by Gulvanessian, Formichi and Calgaro  [1 ] .

Other ultimate limit states design situations, e.g. accidental and seismic situ-

ations, need to be considered.

The serviceability limit states for the selected design situations during execu-

tion need to be verif ed, as appropriate, in accordance with EN  1990.

The criteria associated with the serviceability limit states during execution 

should take into account the requirements for the completed structure.

Operations which can cause excessive cracking and/or early def ection during 

execution and which may adversely affect the durability, f tness for use and/

or aesthetic appearance in the f nal stage have to be avoided.

The need to consider seismic actions is  described. Accidental actions for build-

ings and bridges which may lead to collapse or damage during execution are 

described and the need to check the relevant limit states is def ned.

Representation of actions

Actions during execution are classif ed in accordance with EN  1990, and may 

include:
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•  those actions that are not construction loads;  and

•  construction loads

The representation of those actions that are not construction loads are def ned, 

i.e.  self- weight,  pre- stressing, intentional imposed deformations and settle-

ments, temperature and shrinkage actions, wind, snow and water actions, and 

atmospheric ice loads.

Approaches for taking construction loads into account, i.e.

•  site visitors and personnel with hand tools,

•   non- permanent equipment,

•  storage movable items,

•  movable heavy machinery and equipment (e.g. cranes),

•  accumulation of waste materials,

•  loads from parts of structure in temporary states,

are given and specif c principles and rules are included for construction loads 

for buildings and bridges.

Implications for practice in the UK

The guidance provided in this document does not have a UK equivalent, and 

thus provides new codif ed information for the profession.

EN  1991-1-7 Eurocode 1 : Part  1 .7: Accidental actions due to 
impact and explosions

Scope and f eld of application

EN  1991-1 -7 describes safety strategies for accidental design situations. It 

recommends design values for the most common cases of accidental actions 

from impact and explosion;  it gives design models and also details provisions 

which may be used as alternatives to design verif cations. It also provides 

more advanced impact and explosion design concepts.

External explosion, warfare or malicious damage, or natural phenomena 

such as tornadoes, extreme erosion or rock falls, are not in the scope of the 

EN  1991-1 -7.
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Underlying philosophy

The selected accidental design situations should be suff ciently severe and 

varied so as to encompass all conditions which can be reasonably foreseen. 

The philosophy of Part  1 .7 has been described in more detail by Gulvanes-

sian, Formichi and Calgaro  [1 ] .

Accidental actions are required to be taken into account, depending on:

•  the possible consequences of damage;

•  the probability of occurrence of the initiating event;

•  the provisions for preventing or reducing the hazard and the exposure of 

the structure to the hazard;

•  the acceptable level of risk.

EN  1991-1 -7 recognizes that no structure can be expected to resist all actions 

arising from an extreme cause and that residual risk will be present in prac-

tice. It requires there to be a reasonable probability that the structure will not 

be damaged to an extent disproportionate to the original cause. Localized 

damage due to accidental action may be acceptable.

Design situations

EN  1991-1 -7 recommends two strategies to be considered for accidental 

design situations as follows:

•  strategies based on identif ed accidental actions, e.g. some explosions and 

impact;

•  strategies based on limiting the extent of localized failure.

With regard to the previous strategies, EN  1991-1 -7 def nes the general princi-

ples that can be used in the analysis of accidental design situations. It describes:

•  the procedure for risk analysis to identify extreme events, causes and 

consequences;

•  the safety precautions required to maintain acceptable safety by using 

measures to reduce the probability of the consequences of the accidental 

event.

Additional strategies are def ned which may be used singly or in combination 

as measures which may be used to control the risk of accidental actions  – 

these are based on a classif cation of consequences of failure as follows:
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•  category 1  ( limited consequences)  where no specif c consideration of acci-

dental actions is  required;

•  category 2 (medium consequences)  where, depending upon the specif c 

circumstances of the structure in question, a simplif ed analysis by static 

equivalent action models or the application of prescriptive design/detailing 

rules is  made;

•  category 3  ( large consequences)  where more extensive study (e.g. hazard 

identif cation, risk analysis)  is required.

Accidental actions due to impact

Impact actions are def ned and collision forces given for:

•  impact from vehicles on walls of buildings and supporting substructures 

for bridges;

•  impacts from vehicles on the underside of buildings and on bridge 

superstructures;

•  impact from ships on supporting substructures;

•  impact from fork lift trucks;

•  impact from derailed trains;

•  hard landings by helicopters on roofs.

Accidental actions due to explosions

EN  1991-1 -7 covers accidental actions arising from gas explosions in 

buildings.

Structures classif ed as category  1  require no specif c consideration in design 

of the effects of explosions. The general rules for connections and interaction 

between elements given in Eurocodes  2 to 9  are assumed to provide adequate 

safeguards.

For structures classif ed for category  2 and 3, Part  1 .7 requires that the struc-

ture is  designed to resist the accidental actions either using simplif ed analysis 

for key elements based upon equivalent static load models or by applying 

prescriptive design/detailing rules. For structures in category  3, the use of a 

risk analysis together with hazard identif cation is recommended.

http://dx.doi.org/10.3403/30127320U
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Implications for practice in the UK

Although aspects of accidental actions are covered in BS  6399-1  and BS  5400, 

BS  EN  1991-1 -7 comprehensively covers the topic of accidental actions in 

one document. A categorization scheme concerning the robustness of build-

ings, which has also been used in Approved Document  A of the Building 

Regulations, is  from BS  EN  1991-1 -7 Annex  A. The UK design engineer will 

be familiar with the design requirements of this part although risk assess-

ments will be required for category  3  structures.

The national annex to BS  EN  1991-1 -7 refers to a complementary docu-

ment, PD  6688-1 -7, which will give background information to the national 

annex, in particular to risk assessments on impacts to supporting structures 

for bridges.

EN  1991-2 Eurocode 1 : Part 2: Traff c loads on bridges

Scope and f eld of application

EN  1991-2 [8]  specif es  imposed loads (models and representative values)  

associated with road traff c, pedestrian actions and rail traff c which

include, when relevant, dynamic effects and centrifugal, braking, accelera-

tion and accidental forces. It also includes guidance on combinations with 

 non- traff c loads on road and railway bridges, and on loads on parapets. 

Actions for the design of road bridges with individual spans less than

200 m and with carriageway widths not greater than 42  m are def ned in 

EN  1991-2.

Road traff c actions and other actions specif cally for road bridges

Load models

Road traff c actions are represented by a series of load models which represent 

different traff c situations and different components (e.g. horizontal force)  of 

traff c action. Specif c models are given for verif cation of fatigue.

The load models for vertical loads are as follows.

http://dx.doi.org/10.3403/00024050U
http://dx.doi.org/10.3403/BS5400
http://dx.doi.org/10.3403/30127320U
http://dx.doi.org/10.3403/30127320U
http://dx.doi.org/10.3403/30127320U
http://dx.doi.org/10.3403/30166876U
http://dx.doi.org/10.3403/02919052U
http://dx.doi.org/10.3403/02919052U
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a)  Load model 1 :  concentrated and uniformly distributed loads, which 

cover most of the effects of the traff c of lorries and cars. This model is  

intended for general and local verif cations of the structure. The derivation 

is discussed elsewhere  [9] . It is the main loading model and consists of two 

systems:

 – double axle concentrated loads (tandem system, TS);

 – uniformly distributed loads (UDL system), having a weight density 

per square metre obtained by multiplying a characteristic value by an 

adjustment factor.

 The UK national annex increases the applicability of the loaded lengths 

for this model (from 200 m to 1500 m)  and gives alternative values for the 

uniformly distributed loads.

b)  Load model 2:  a single axle load applied on specif c tyre contact areas 

which covers the dynamic effects of normal traff c on very short structural 

elements. This model should be separately considered and is only intended 

for local verif cations.

c)  Load model 3 :  a set of assemblies of axle loads representing special 

heavy vehicles (e.g. for industrial transport)  which may travel on routes 

permitted for abnormal loads. This model is intended to be used only as 

required by the client, for general and local verif cations of the structure.

 The UK national annex specif es  the special vehicles currently used in UK 

practice.

d)  Load model 4:  a crowd loading. This model should be considered and is 

intended only for general verif cations of the structure.

EN  1992-2 also provides advice on dispersal of concentrated loads, hori-

zontal forces, braking and acceleration forces and centrifugal forces.

The various load models are combined into f ve groups which are then 

combined with  non- traff c loads (e.g. climatic actions)  acting on the bridge.

Fatigue load models

For verif cations of resistance to fatigue, f ve fatigue load models of vertical 

forces are provided for use depending on the verif cation level selected from 

the relevant Eurocodes 2–9.

http://dx.doi.org/10.3403/30096437U
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The UK national annex gives alternatives to fatigue load model  4 and restric-

tions to use for fatigue load model  2.

Accidental actions

The section on road bridges also provides guidance on:

•  accidental actions including:

 – actions from vehicles on the bridge;

•  action on parapets;

•  load models on embankments.

Pedestrian, cycle actions and other actions specif cally for 

footbridges

Vertical load models and representative values for pedestrian and cycle traff c 

are def ned using the following load models:

•  load model number 1 :  uniformly distributed load;

•  load model number 2:  concentrated load (10 kN recommended);

•  load model number 3 :  service vehicle.

The load models are combined into two groups which are then combined 

with  non- traff c loads (e.g. climatic actions)  acting on the bridge.

Rail traff c actions and other actions specif cally for rail bridges

EN  1991-2 covers the static effects of standard rail traff c operating over the 

 standard- gauge or  wide- gauge European  mainline- network  [2] ,   [10] .

The load models are not deemed to describe the real loads:  they have been 

def ned so that their effects, with a dynamic magnif cation taken into account 

separately, represent the effects of real traff c.

Non-accidental actions due to rail traff c are given for:

•  vertical loads:  four load models LM  71 , LM  SW (associating two 

 sub- models SW/0 and SW/2), ‘unloaded train’  and HSLM (high speed load 

model) ;

http://dx.doi.org/10.3403/02919052U
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•  vertical loads for embankments and for earth pressure (for the sake of 

simplicity concentrated or linear vertical loads are replaced by distributed 

loads);

•  dynamic effects;

•  centrifugal forces;

•  nosing force;

•  acceleration and braking forces;

•  aerodynamic effects as a result of passing trains;

•  load effects from catenaries and other overhead line equipment attached 

to the structure.

For the consideration of centrifugal forces, EN  1991-2 recognizes that heavy 

traff c does not operate at high speeds whereas high speed passenger trains 

have light axle loadings. Centrifugal forces therefore depend on the loaded 

length of the bridge and on the maximum permissible speed.

Accidental actions arising from derailment on bridges are required to be 

taken into account so that the damage to the bridge is limited to a minimum. 

Prevention of overturning or collapse of the bridge is a design requirement. 

Other accidental actions which arise from severance of overhead line equip-

ment and from road traff c must also be considered in design.

Fatigue damage assessment is required for all elements subjected to f uctua-

tions of stress. Details of the service trains and traff c mixes and the dynamic 

enhancement are given. Each of the mixes is based on an annual traff c tonnage 

of (25  ×  106)  tonnes. Fatigue assessment is for a life of  100  years. Alternatively, 

the relevant authority may specify a different life and traff c mix.

The deformations and vibrations caused by the passage of rail traff c have to 

be limited for safety and passenger comfort.

Guidance is provided on all the topics mentioned.

Implications for practice in the UK

The national annex to BS  EN  1991-2 will refer to a complementary docu-

ment, PD  6688-2, which will give background information to the national 

annex.

http://dx.doi.org/10.3403/02919052U
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EN  1991-3  Eurocode 1 : Part  3: Actions induced by cranes and 
machinery

Scope and f eld of application

EN  1991-3  specif es  actions,  self- weights and imposed loads (models and 

representative values)  associated with hoists, crabs and cranes on runway 

beams and static and dynamic actions induced in supporting structures by 

machinery.

Actions induced by cranes

Actions induced by cranes comprise actions from hoists, crabs and cranes on 

runway beams. Crane supporting structures are divided into two categories:

•  underslung trolleys on runways;

•  overhead travelling cranes.

The methods prescribed are compatible with the provisions of EN  13001-1   [11 ]  

to facilitate the exchange of data with crane suppliers. The background to the 

methods has been described elsewhere  [12] .

Actions induced by cranes are classif ed as variable and accidental actions and 

are represented by various models.

Guidance for the determination of the following load arrangements is  

provided:

•  vertical loads from monorail hoist blocks underslung from runway beams;

•  horizontal loads from monorail hoist blocks underslung from runway 

beams;

•  vertical loads from overhead travelling cranes;

•  horizontal loads from overhead travelling cranes;

•  multiple crane action.

When not supplied by the crane manufacturer:

•  dynamic amplif cation factors are given for vertical loads and advice is  

included on treating wind actions for cranes located outside buildings;

•  dynamic amplif cation factors and a method of calculating the drive force 

on a driven wheel are given. Guidance is included on obtaining horizontal 

http://dx.doi.org/10.3403/30047471U
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loads and the guide force caused by skewing and the horizontal force 

caused by acceleration or deceleration of the crab.

Advice is  also included on taking account of temperature effects in the deter-

mination of loads on access walkways, stairs, platforms and guard rails. 

Guidance is given on accidental actions due to buffer forces related to crane 

movement and movements of the crab and tilting forces. Fatigue damage 

equivalent loads are used to classify fatigue actions in relation to a load effect 

history parameter according to EN  13001-1 .

Actions due to machinery

For machinery, the advice is  limited to structures supporting rotating machines 

which induce dynamic effects in one or more planes.

Actions induced by machinery are classif ed as permanent, variable and 

accidental.

Permanent actions during service include the  self- weight of all f xed and 

movable parts and static actions from service.

Variable actions from machinery during normal service are dynamic actions 

caused by accelerating masses.

Accidental actions,  which may be considered to occur, are those due to acci-

dental magnif cation of the eccentricity of masses, short circuit or lack of 

synchronization between generators and machines and impact effects from 

pipes on shutting down.

Guidance is given on the calculation of characteristic values of actions for 

normal service and accidental conditions and on determining movements 

caused by dynamic forces.

EN  1991-4 Eurocode 1 : Part 4: Actions in silos and tanks

Scope and f eld of application

EN  1991-4 [13]  gives general principles and rules for determining actions 

arising from the storage of bulk materials and liquids in silos and tanks. The 

scope is restricted to:

http://dx.doi.org/10.3403/30290403U
http://dx.doi.org/10.3403/30140768U
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•  silos with limited eccentricity of inlet and outlet, with small impact effects 

caused by f lling, and with discharge devices which do not cause shock or 

eccentricities beyond the given limitations;

•  silos containing particulate materials which are  free- f owing and have a 

low cohesion;

•  tanks with liquids stored at normal atmospheric pressure.

Background

Initial studies of codes and recommendations found mainly in Member States 

covering loads in silos and tanks led to work initiated by ISO being adopted 

in 1987 as the starting point for the preparation of Part  3   [14] .  The classical 

Janssen theory for f lling was adopted as a basis.  For discharge and special 

cases, empirical parameters were used.

Design situations

The design situations to be considered include maximum possible f lling and, 

where appropriate, accidental actions and situations arising from explosions, 

vehicle impact, seismic actions and f re.

Advice is  given on measures which may be used to limit or avoid poten-

tial damage from dust explosions. Prevention of dust explosions by choice 

of proper maintenance and cleaning, use of safe electronic equipment and 

careful use of welding is advocated. Limitation of concrete cracking at the 

serviceability limit state is  required for silos to be used for storage of water 

sensitive materials. Consideration of fatigue is required where the silo or tank 

is subjected to more than one load cycle per day.

The selection of structural form to give low sensitivity to load deviations is  

given as a principle and loads due to particulate materials have to be calcu-

lated for f lling and discharge. Attention is drawn to the inherent variability 

of stored materials and the simplif cations in the load models. Rules are given 

for calculating storage loads due to particulate materials in tall silos, squat 

silos and homogenizing silos and silos with a high f lling velocity. Particu-

late material properties are obtained by a simplif ed approach which takes 

account of horizontal/vertical pressure ratio and coeff cient of wall friction, 

or by testing.
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Conclusions

EN  1991  Eurocode 1 ,  Actions on Structures  gives comprehensive infor-

mation on all actions that should normally be considered in the design of 

building and civil engineering structures. It is  intended primarily for use with 

Eurocodes  2–9 for structural design and verif cation on the basis of the overall 

principles for limit state design given in EN  1990 Basis of Structural Design.
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Eurocode 2:  Design of concrete 
structures

Owen Brooker,  The Concrete Centre

Introduction

The transition to using the Eurocodes is  a daunting prospect for engineers, 

but this needn’t be the case. Industry has worked hard to ensure that there 

are numerous resources available, designed to assist engineers with the transi-

tion process. The key to getting into Eurocode  2 is  to understand how it is  set 

out and how it is  different from existing standards. This article covers these 

to  pics and explains how Eurocode  2 f ts  in with other European standards. 

The good news is that most of the engineering principles are the same as 

the existing British Standards. For existing engineers is  should not be like 

learning to drive, more like getting into a strange car for the f rst time  – the 

controls are all there but it takes a few miles to learn where they are and how 

they operate.

A standard or a handbook?

The f rst difference that British engineers will come across is  that Eurocode  2 

does not appear to tell you how to carry out design. In Europe standards are 

very much seen as setting out the rules, the application of those rules is  left 

to authors of text books or design guidance. In many ways British Standards 

are far more like design handbooks and provide far more practical material 

than other Europeans would expect to see in their standards. This why British 

engineers f nd that it does not provide the information they are expecting. A 

good example of this is  the design expression for f exure. In British Standards 

we are used to being given the expressions for the lever arm, areas of steel 
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and limiting values for K. These are not given explicitly in Eurocode  2 and in 

fact there appears to be very little guidance on f exural design, other than the 

stress blocks that can be used. However, help is  at hand because this infor-

mation is available in text books, and in the design guides that have been 

prepared by The Concrete Centre.

A stand alone document?

It is important to realise that the Eurocodes are supported by a number of 

European Standards;  these are not themselves designated as Eurocodes, but 

nonetheless are required to enable the Eurocodes to be used. Figure 2.1  shows 

how Eurocode  2 f ts  into the Eurocode system.

The f rst point to note is  that Eurocode  2 has four Parts. The main Part is  

Part  1 .1  and this gives general rules for all structural concrete and specif c 

rules for buildings. Often it is  this part that is being referred to when citing 

‘Eurocode  2’.

Part  1 -2 covers structural f re design and at f rst it seems a bit imposing to 

have over 100  pages on f re design when a few tables suff ced in BS  8110. 

However, the good news is that this Eurocode does have simplif ed tables 

in Section  5  and so designers will continue to be able to check that their 

design meets the requirements for f re resistance with a quick reference to a 

table. The remainder of the document is devoted to simplif ed and advanced 

calculation methods. The former may be useful to the structural engineer for 

specif c situations, for example a column with an eccentric load. However, 

advanced methods are probably the reserve of f re engineering specialists.

Bridge designers will need to refer to Part  2, which describes how Part  1 .1  

should be amended to suit bridge designs. This sounds simple in theory, but in 

practice it is  rather complicated to work out which clauses are deleted, which 

are amended and which are new clauses, especially when the national annexes 

to both documents are factored in.

The f nal Part of Eurocode  2 is Part  3, which covers the design of water 

containing structures. Again, it modif es  Part  1 .1 , but in practice it includes 

additional clauses to aid the design of liquid containing structures and so it is  

far simpler to apply.

Designers of concrete structures will need to determine the actions on their 

structures and these are given in Eurocode  1 . They will also need to determine 

http://dx.doi.org/10.3403/BS8110
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the combination of these actions, and these are given in Eurocode (often 

incorrectly called Eurocode  0) .

Any structure has to have foundations, and as these are usually concrete the 

concrete designer will also have to refer to Eurocode  7 to determine the load 

carrying capacity of the ground.

Occasionally in the UK there is  the need to design for seismic conditions and 

for the f rst time this is  covered by a UK standard  – Eurocode  8.
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design
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Figure 2.1 .  Relationship between Eurocode 2 and other European standards
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Supporting European Standards

Moving on from the links between Eurocodes to look at other European 

Standards, UK designers should already be familiar with most of them. Speci-

f cation of concrete is  covered in BS  8500, which is the UK application docu-

ment for BS  EN  206-1 . This document was originally published in 2002 and 

so designers should be familiar with its contents already. It brought a new 

approach to determining the durability resistance of concrete based on the 

deterioration processes.

At this point it should be noted that the BS  8500 approach to durability does 

not follow the approach in Eurocode  2, rather it is  cited in the UK national 

annex to Part  1 .1 .

A key change in BS  8500 was the introduction of the dual classif cation 

system where the concrete cylinder strength is given alongside the equivalent 

concrete cube strength.

Other standards which UK designers should already have adopted are 

BS  4449 and BS  8666, which cover the specif cation and detailing of rein-

forcement. Here the key change is that the characteristic strength of reinforce-

ment supplied in the UK is 500 MPa; previously the minimum strength was 

460 MPa. To ensure that there was no confusion with the older steel grades 

the 500  grade steel is designated with an ‘H’.

There is  a suite of European products standards for precast concrete elements, 

e.g. hollowcore units and  double- tee units. The  over- arching standard is 

BS  13369, which sets out the requirements for all precast concrete products 

such as tolerances, durability and design.

The f nal piece of the j igsaw is BS  EN  13670 which is the execution standard, 

execution being the European term used to cover construction. At the time of 

writing this publication has been f nalized and is due for publication in the UK 

in time for the March 2010 transition date. The document replaces Section  6 

of BS  8110 which covered workmanship and has been written to  tie- in with 

Eurocode  2. A UK national annex will be published alongside the standard. 

Standard specif cations, such as the National Structural Concrete Specif ca-

tion  (NSCS)  and National Building Specif cation  (NBS)  will be updated to 

incorporate the changes.
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 Non- Contradictory Complementary Information

 Non- Contradictory Complementary Information (NCCI)  is  a specif c term in 

the Eurocodes that refers to documents that may be used alongside a specif c 

Eurocode and which do not contradict that Eurocode. NCCI are listed in 

the relevant national annex only. The two key NCCI in the UK for concrete 

design are PD  6687 Background Paper to the UK national annexes to 

BS   EN  1 992-1  and PD  6687-2:  Recommendations for the design of structures 

to BS   EN  1 992-2.  ‘PD’  stands for published document and are published by 

BSI. The two documents have been prepared by the relevant BSI committee 

and provide background information to the choices made for the UK national 

annexes. They also give useful guidance and designers will f nd that they are 

almost essential to enable them to use Eurocode  2.

How is Eurocode  2 different?

The question that is often asked is, ‘What are the differences between British 

and European Standards?’  There are differences of course, but engineers 

should not overlook the similarities and in this chapter we will consider both.

Eurocode  2 is  laid out on the basis of the phenomenon (e.g. f exure, shear, 

def ection)  and not by element type (e.g. beam, f at slab). This makes the code 

more useful and engineers are not straitjacketed by thinking only in terms 

of the type of element. As we make more use of  computer- aided engineering 

to be more creative in our designs, treating elements strictly as say beams or 

columns may not be appropriate.

Eurocode  2 uses concrete cylinders strengths, rather than cube strengths as 

the basis for the design calculations. This is  not, as many think, because cylin-

ders are used in continental Europe, but rather that cylinders have been used 

in the laboratories when testing samples and have therefore been used to 

develop design rules. It therefore makes more sense to use them as the basis 

for design. Testing of cubes can still be used to monitor concrete strength as 

Eurocode  2 gives the equivalent cube strengths.

In Eurocode  2 the units of stress are  mega- Pascals (MPa), although interest-

ingly Eurocode  6 still uses Newtons per square millimetre (N/mm2) .

In line with European conventions, the decimal marker is  denoted by a 

comma, rather than a full stop. This is  not necessarily a problem, provided 

http://dx.doi.org/10.3403/30141131U
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that it is recognized by the reader. British Engineers can continue to use the 

full stop in their workings, but may like to consider avoiding the use of the 

comma as a thousands separator.

There is  a new symbol that UK engineers may not be familiar with  – ‘‰’, 

which means a thousandth.

Designers will also f nd that there is  a new method of presenting equations 

(known as ‘expressions’  in Eurocodes). For example, minimum cover is:

cmin  =  max{cmin,b;  cmin,dur;  10 mm}

which means that cmin  is  the maximum of cmin,b  (minimum cover for bond)  

cmin,dur (minimum cover for durability)  and 10 mm.

Designers should note that the effect of geometric imperfections should be 

taken in addition to any lateral loads. There is  no longer the philosophy of 

checking for either notional horizontal loads or actual lateral loads.

Eurocode  2 allows the designer to use high strength concrete, up to a class 

C90/105 (or class  C70/85 for bridges). Above a class  C50/60, the engineer 

will f nd that there are restrictions placed in Eurocode  2. For instance, there 

are lower strain limits, additional requirements for f re resistance and in the 

UK the resistance to shear should be limited to that of a class  C50/60 concrete.

On the subject of shear, Eurocode  2 uses the variable strut inclination method. 

It is  assumed that shear is  resisted by a concrete strut and the shear links and 

longitudinal steel are acting in tension to form a truss. The designer can vary 

the concrete strut angle in the truss (whereas in BS  8110 and BS  5400 it was 

f xed at 45°).  This has the advantage of including more shear links in the truss 

and so reduces the reinforcement requirements.

Still looking at shear, punching shear checks are based on 2d away from the 

column face and the perimeters have rounded corners.

Prestressed design is not treated as a separate process and the design expres-

sions are written to include the effects of prestressing where appropriate.

For the determination of the anchorage and lap lengths the designer will f nd 

that Eurocode  2 is  not restrictive and could enable savings to be made by 

applying all of the benef ts.  Conversely, the designers will need to work out 

how to rationalize the calculations for typical situations or refer to design 

aids where this has already been done.

http://dx.doi.org/10.3403/BS8110
http://dx.doi.org/10.3403/BS5400
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Perhaps the biggest challenge is the new symbols, but they will become familiar 

over time. The Eurocodes follow some clear guidelines for use of symbols and 

so there is  consistency, which assists the learning process. Figure  2.2 provides 

some typical subscripts found in Eurocode  2 and once they are familiar it is  

much simpler to work out the meaning of a symbol.

What has remained the same?

All the focus is  usually on what has changed, but it worth considering where 

there are similarities. There continue to be a number of options for the 

 stress– strain relationships for concrete, and the option of a simplif ed, rectan-

gular stress block remains, although the depth of the stress block is slightly 

different.

Various options for analysis remain, including elastic methods, elastic analysis 

with redistribution, plastic analysis and  non- linear behaviour. The principle 

that plane sections remain plane is also used.

The load arrangements used in the UK can continue to be used, i.e. maximum 

hogging is determined from the full load on every span, and maximum 

sagging is found by checking alternate spans loaded. Note however that the 

permanent action partial factor should be the same in every span.

There is  guidance on the effective length of members and the design moment 

can be taken at the face of the column, not the centre.

Subscript

A

c

d

E

fi

k

R

w

y

Definition

Accidental  situation

Concrete

Design

Effect of action

Fire

Characteristic

Resistance

Shear reinforcement

Yield  strength

Figure 2.2.  Selected Eurocode 2 subscripts
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The principle of using  span- to- depth rules to control def ections remains.

Many of the detailing rules for particular elements remain the same, although 

there are some slight variations. For robustness, the rules for tying have not 

changed except that the design vertical tie force may be slightly different.

Will there be savings?

It is  likely that there will be savings in materials especially in the longer term 

once designers are familiar with the new codes. These potential savings come 

from a number of sources. Depending on your perspective they can be viewed 

as an erosion of safety factors or a result of our increased knowledge.

Some of the savings arise from the combinations of actions in Eurocode. With 

the reduction for permanent actions down to 1 .35  or even 1 .25 from 1 .4, and 

the variable action partial factor reduced to 1 .5  from 1 .6 there are savings 

of 5%  to 10%  on the loads applied to structures at the ultimate limit state. 

At the serviceability limit state there is  a reduction in the effective partial 

factor for variable actions, which can be as low as 0.3  compared to 1 .0 with 

existing standards. Designers should of course ensure that this reduction will 

still provide a building or structure that will meet the client’s requirements  – 

serviceability limit states are advisory not mandatory.

Within Eurocode  2 itself the key savings come from the use of the variable 

strut inclination method for the design of shear reinforcement, which can 

reduce the number of shear links required.

There are a couple of areas where the Eurocode  2 could lead to more mate-

rials being used  – more cover is often required for internal situations, mainly 

to allow appropriate f xing tolerances and more punching shear reinforce-

ment may also be necessary.

Overall, the general opinion is that Eurocodes will lead to more eff cient 

concrete structures and the savings over current practice will be 5%  to 10%.

What resources are available?

The Concrete Centre and other industry bodies have produced a number of 

resources to assist the engineer.
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The Concrete Centre resources include a series of ‘How to   …’ guides, which 

are now available as books. Each guide gives a brief overview of a particular 

topic and describes what the Eurocodes require and how to carry out the design 

checks. They are succinct and enable the designer to conf dently tackle the design 

of particular elements through the use of f ow charts. They include derived 

expressions and design aids where these are required to carry out designs.

How to  guides:  

•  Introduction

•  Getting started

•  Slabs

•  Beams

•  Columns

•  Foundations

•  Flat slabs

•  Def ection calculations

•  Retaining walls

•  Detailing

•  BS  8500 for building structures

•  Structural f re design

The Concise Eurocode   2  is designed to be an easy way for a designer to f nd 

their way into the code. The essential clauses are given along with the UK 

national annex values and clear references to the original clauses. There is  

also useful commentary, derived expressions and design aids.

The Concise Eurocode  2  for bridges  is  a similar publication for bridge engi-

neers and is particularly useful as a starting point as it enables the designer to 

see at a glance what the code requires rather than deciphering it from Part  1 .1  

and Part  2 of Eurocode  2. The UK national annex values are included and 

clearly distinguished as are sections from the published documents (PDs).

The Concrete Buildings Scheme Design Manual is  a handbook intended 

to assist candidates for the Institution of Structural Engineer’s chartered 

membership examination, and has recently been updated to incorporate 

Eurocode  2. It includes quick design methods and design aids that have been 

prepared specif cally for Eurocode  2 and which will be useful when preparing 

preliminary designs to Eurocode  2.

Economic Concrete Frame Elements  has also been updated to suit Eurocode  2. 

It is  intended to assist in the rapid sizing of typical elements for initial designs, 

http://dx.doi.org/10.3403/BS8500
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and includes tables and charts for a variety of concrete elements including 

reinforced concrete, precast concrete and  post- tensioned elements.

Properties of Concrete for use in Eurocode  2  provides engineers with a greater 

knowledge of concrete behaviour so that they can optimize the use of mate-

rial aspects of concrete in their design. A series of worked examples have been 

prepared and will be published. These cover the analysis and design of typical 

elements. They are intended to show all the checks that should be satisf ed for 

those elements, including detailing.

There are a number of other publications available from other organiza-

tions. British Precast has produced two companion guides specif cally for 

precast concrete products entitled Precast Eurocode   2: design manual and  

Precast Eurocode   2: worked examples.  The Institution of Structural Engi-

neers has produced the Manual for the design of concrete building structures 

to Eurocode   2  (Green book)  and Standard method of detailing structural 

concrete.  Thomas Telford has published Designers guide to BS   EN  1 992-1 -1  

and BS   EN  1 992-1 -2  and Designers guide to BS   EN  1 992-2.

When should I start using Eurocode  2?

In June 2008, BSI declared that BS  8110 was obsolescent. According to BSI, 

a declaration of obsolescence indicates the standard is not recommended for 

use in new ‘equipment’  but needs to be retained for the servicing of existing 

‘equipment’  that is  expected to have a long working life. For ‘equipment’  read 

‘structures’.

BSI plans to withdraw BS  8110 and other structural concrete design codes on 

or about 31   March 2010. ‘Withdrawn’ indicates that a standard is no longer 

current and has been superseded by another standard or is no longer relevant 

to industry. It will also no longer be supported by a committee, which means 

that it will not undergo a  f ve- year review. The standard is not necessarily 

unsafe, but will increasingly become outdated and therefore not current best 

practice.

The implication is that Eurocode  2 should be the concrete design standard for 

use in the UK, and it is expected that designers will move over to using it. And 

with the many resources available to make the transition as easy as possible, 

there is no reason to feel daunted.

http://dx.doi.org/10.3403/03178016U
http://dx.doi.org/10.3403/03213853U
http://dx.doi.org/10.3403/30096437U
http://dx.doi.org/10.3403/BS8110
http://dx.doi.org/10.3403/BS8110
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Eurocode 3:  Design of steel 
structures

David Brown, Associate Director,  Steel Construction Institute

Introduction

Structural engineers should be encouraged that at least in steel, design 

conforming to Eurocode 3  (BS  EN  1993-1 -1 )  is not signif cantly different 

to BS  5950. In fact, if the changes in presentation are stripped away, in most

areas design is almost identical to both standards. This is of course to be 

expected, as the steel itself knows no difference, and the UK has enjoyed 

the benef ts  of mature design standards for decades  – it would be very 

surprising if there were dramatic changes from previous UK practice. There 

are  well- known changes:

•  the nomenclature is  different, with more Greek symbols;

•  subscripts are important, and informative;

•  the Eurocode is arranged by structural phenomena, not design routine;

•  most checks are presented as expressions, not graphs or  look- up tables;

•  the ‘simple’  approaches found in BS  5950 are generally missing  – the 

Eurocode presents the rigorous methods.

The importance of the national annex

This chapter presents an overview of the key areas of steel design to the 

Eurocode. In addition to highlighting the more interesting design issues, one 

general point about all Eurocode design should be made, which is that the 

national annex is crucially important. The national annex allows countries to 

set various parameters, but these are not limited to a modest list of factors. 

The national annex may also def ne which methods are allowed, or set limits 

http://dx.doi.org/10.3403/03270565U
http://dx.doi.org/10.3403/BS5950
http://dx.doi.org/10.3403/BS5950
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on a range of application. In practice, the national annex often embraces the 

opportunity to def ne national parameters with enthusiasm, providing revised 

methods, new tables and important limitations. In the core Eurocode docu-

ment, the possibility that the national annex might have an impact is  identi-

f ed with a Note to the clause. The Notes are easy to miss, and ignoring the 

impact of the national annex could be very signif cant. A very strong recom-

mendation is to review each national annex, and mark the core Eurocode 

with the important changes. Each and every Eurocode Part has a national 

annex, so this is  no small task. The national annex to be used is that for the 

country where the structure is  to be built.

Loading

The loading Parts of the Eurocode are independent from the resistance Parts, 

but the determination of actions is  nevertheless a key part of the design 

process. Designers are offered four ultimate limit states in BS  EN  1990  – 

EQU, STR, GEO and FAT, covering equilibrium, strength, geotechnics and 

fatigue. STR will be the most relevant for building designers, where there is  a 

choice of how the combination of factored loads (called ‘the design value of 

the combination of actions’)  can be calculated:

•  using expression 6.10;  or

•  using the most onerous of expressions  6.10a and 6.10b.

Both expressions  6.10a and 6.10b produce a lower ULS design value than 

6.10, so are recommended for greatest economy. Modest experience will 

conclude that expression  6.10b is almost always the critical expression. Use 

of expression  6.10 will always be a little conservative, so can always be used.

Using expression  6.10b, members designed for vertical load only, such as 

beams and many columns, will be designed for 1 .25   ×  permanent actions  +  

1 .5   ×  variable actions, which is an immediate attraction of around 8%  

compared to BS  5950.

The stability systems will be subject to higher loads, as they must carry the 

lateral loads (wind)  factored by 1 .5, plus modest imperfection forces. This 

compares with 1 .4  ×  wind in BS  5950, with no notional horizontal forces.

BS  EN  1991-1 -4 deserves a special mention. The national annex to this Part 

is a very substantial document, and should be consulted. For designers, a 

number of important points should be noted.

http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/BS5950
http://dx.doi.org/10.3403/BS5950
http://dx.doi.org/10.3403/03252196U
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•  The national annex recommends that roof coeff cients be taken from 

BS  6399-2, not the Eurocode.

•  Internal pressures may be calculated, based on opening ratios, or the two 

cases of +0.2 and  –0.3  should be considered.

•  The Eurocode comments on the common practice of  so- called ‘elective’  

dominant openings  – those that would be dominant but are considered 

shut at ULS. An additional accidental case must be considered with the 

dominant opening.

BS  EN  1990 also refers to SLS  – but then directs the designer to the material 

standard  – in this case BS  EN  1993-1 -1 . The designer is  then referred to the 

national annex, which in the UK simply conf rms the status quo  – horizontal 

and vertical def ections are to be checked under unfactored variable actions 

and permanent actions need not be included. The same familiar def ection 

limits in BS  5950 ( loved and loathed in equal measure by those who consider 

them attractively vague/too def nitive)  reappear in the national annex.

Member resistance

In most cases, calculated resistances are close to those calculated using 

BS  5950, and the design process is  very similar. The fundamental structural 

mechanics have not changed and dramatic changes in resistance should ring 

alarm bells.  Experienced designers will have a feel for the sorts of member 

sizes they anticipate and that experience is equally appropriate to Eurocode 

designs as it is  to BS  5950.

Steel strengths

Table  3.1  of BS  EN  1993-1 -1  provides steel strengths for thicknesses up to 

40  mm, and over 40  mm. This is  a good example of the subtle inf uence of 

the national annex, which is invited to allow the use of Table  3 .1 , or to take 

the steel strengths from the product standard. The UK national annex adopts 

the latter, so in the UK steel strengths will continue to change at thicknesses 

of 16 mm, 40 mm, 63  mm etc. The UK national annex also notes that for 

ultimate strengths, where a range is given in the product standard, the lowest 

value in the range should be adopted. Again this is  subtle, but for S275 steels, 

this means that the ultimate strength, fu, must be taken as 410 N/mm2  rather 

http://dx.doi.org/10.3403/00491767U
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03270565U
http://dx.doi.org/10.3403/BS5950
http://dx.doi.org/10.3403/BS5950
http://dx.doi.org/10.3403/BS5950
http://dx.doi.org/10.3403/03270565U
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than the more familiar 430 N/mm2.  The impact is  modest, but will affect tying 

resistances, where ultimate strengths are used.

Steel  sub- grade

Choice of steel  sub- grade is very important to ensure that brittle failure does 

not occur. Although this issue is  addressed in BS  EN  1993-1 -10, the strong 

advice is  to obtain PD  6695-10 from BSI ( ‘PD’  stands for published docu-

ment) . The PD takes the complicated approach in the standard, and presents 

it is  an altogether more amenable form  – use of the PD is recommended. In 

the PD, tables of limiting thicknesses are presented for internal environments 

(–5  °C)  and external environments (–15 °C). The limiting thickness depends 

on the type of fabrication (considering stress raisers and residual stresses)  and 

the state of stress.

Imperfections

BS  5950 introduced designers to imperfections  – the notional horizontal 

forces (NHF)  are used ‘to allow for the effects of practical imperfections such 

as a lack of verticality’.  The Eurocode deals with the same issue by ‘equivalent 

horizontal forces’  (EHF). The NHF were only applied in the ‘gravity load’  

combination, whereas unless the externally applied lateral actions are more 

that 15%  of the vertical actions, the EHF appear in every load combina-

tion. In practice, the 15%  rule means that for  multi- storey frames, expect 

that EHF will appear. In portal frames, where the vertical loads are modest, 

the EHF will appear in the ‘gravity’  combination, but probably not in other 

combinations.

BS  EN  1993-1 -1  describes three types of imperfection:

a)  frame imperfections (as discussed previously);

b)  member imperfections;

c)  bracing imperfections.

Frame imperfections are allowed for by the EHF, as discussed previously. 

The value of the EHF is given as a proportion, f, of the factored vertical 

loads, where 0 h mf f a a= .  The basic value of f0  is  1 /200, or the 0.5%  of 

BS  5950. Factors fh  and am  can safely be set to 1 .0, but allow for the height 

of the structure and the number of columns that contribute to the force on 

http://dx.doi.org/10.3403/03270605U
http://dx.doi.org/10.3403/BS5950
http://dx.doi.org/10.3403/03270565U
http://dx.doi.org/10.3403/BS5950
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the bracing system.  (Eagle- eyed designers will appreciate that the def nition 

of am  has been taken from BS  EN  1992-1-1 , rather than the ( inappropriate)  

def nition in BS  EN  1993-1 -1 .)  

Designers should not worry about member imperfections. Member imper-

fections have always been allowed for in the member design checks found 

in the standard, so no change in practice is  needed. Some engineers wish to 

design members from f rst principles, accounting for real material behaviour, 

residual stresses etc., and the Eurocode reminds such experts to allow for the 

inevitable member imperfections.

Bracing imperfections will be new to UK designers  – but the principle is  not 

new. If frames are imperfect, bracing systems will also be imperfect. The 

Eurocode allows the imperfection to be allowed for by small additional 

forces applied at the nodes. The result will be slightly larger forces in the 

bracing members. Designing for these larger forces allows for the second 

order effects.

Frame stability

The Eurocode approach will be familiar to UK designers. The only difference 

is that the check for sensitivity to second order effects is  carried out under all 

the lateral loads  – the externally applied loads and the EHF. Under BS  5950 

the check was carried out under NHF alone. The result is  almost identical, 

since the BS  5950 expression was a particular instance of the general expres-

sion used in BS  EN  1993-1 -1 :

Ed
cr

Ed H,Ed

H h

V
a

d

Ê ˆÊ ˆ
= Á ˜Á ˜Ë ¯ Ë ¯

The fact that the wind loads are included makes little difference to the 

outcome, because as the horizontal action, HEd, increases, so the horizontal 

def ection, dH,Ed, increases.

Second order effects are small enough to be ignored if acr   >  10, and if second 

order effects need to be allowed for, the Eurocode offers an amplif er which is 

identical to kamp  in BS  5950.

http://dx.doi.org/10.3403/03178016U
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 Cross- sectional resistance

The only signif cant change is to the shear area for rolled sections, and then 

the change is largely cosmetic. The shear area of a rolled section according 

to BS  5950 was Dt, but the Eurocode changes this to a rather more complex 

area, as illustrated in Figure  3.1 .

The effect is  modest, as can be seen from the typical examples in Table 3 .1 .

The advantageous effect of the increased shear area according to EN  1993-

1 -1  is  somewhat offset by the formula for the shear resistance. According to 

the Eurocode, the shear resistance Vpl,Rd  is

v y
pl,Rd

M0

( / 3)A f
V

g

÷
=

which incorporates 1 /÷3  compared to the familiar f gure of 0.6 in BS  5950.

Figure 3.1 .  Shear areas for rolled sections in BS 5950 and BS EN 1 993-1 -1

Table 3.1 .  Examples

Section Shear area (mm2) Shear resistance S275 (kN)

BS 5950 BS EN 1 993-1 -1 BS 5950 BS EN 1 993-1 -1

533 ×  201  ×  92 UKB

356 ×  1 71  ×  57 UKB

203 ×  1 33 ×  23 UKB

5072

2900

1 1 58

5450

31 93

1 285

837

479

1 91

909

501

1 97

http://dx.doi.org/10.3403/BS5950
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http://dx.doi.org/10.3403/03270565U
http://dx.doi.org/10.3403/BS5950
http://dx.doi.org/10.3403/03270565U
http://dx.doi.org/10.3403/BS5950
http://dx.doi.org/10.3403/03270565U


The essential guide to Eurocodes transition

96

Buckling of compression members

In addition to f exural buckling, the Eurocode covers torsional buckling and 

 torsional- f exural buckling, which are illustrated in Figure  3.2. These forms 

of buckling are uncommon, as they involve a  bi- symmetric cruciform section 

or an asymmetric section used as a compression member.

The most signif cant change in the buckling section is the presentation of 

slenderness. In the Eurocode, the general expression is that the slenderness, 

l  is  given by

y

cr

Af

N
l =

where

Ncr  is the elastic critical buckling load for the buckling mode being considered

For the common case of f exural buckling, Ncr  is  more commonly known as 

the Euler load, given by

2

2

EI

L

p

For f exural buckling, the calculation of Ncr  is  not the only route to determine 

l , because

yyBS 5950 slenderness ( / )

a factor

L r
l =

which is an approach that may appeal to many designers. The factor varies 

with steel grade.

Having calculated the slenderness, the designer must select which curve to use 

(what type of member?  Which axis of buckling?  Etc.) . The proportion of yield 

strength to be used when calculating the resistance ( there is no direct equiva-

lent of the compressive strength)  can be found from a graph (Figure  3.3)  or 

by calculation.

http://dx.doi.org/10.3403/BS5950
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Mid height
section

Mid height
section

(a)

(b)

Figure 3.2.  Torsional  and  torsional- fl exural  buckling.  (a)  Torsional  buckling.  

(b)   Torsional- fl exural  buckling
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Lateral torsional buckling

Having seen the presentation of f exural buckling, designers will immediately 

recognize the similar presentation of lateral torsional buckling. The slender-

ness, LTl , is  given by

y y
LT

cr

W f

M
l =

in which bending terms have replaced the axial terms. One unfathomable 

omission from the Eurocode is any expression to calculate Mcr.  Sources of 

 non- conf icting complementary information (NCCI)  can be used, such as 

http://www.  access- steel.com or the useful (and free)  programme LTBeam 

from CTICM in France. In BS  5950, the benef cial effects of a  non- uniform 

bending moment diagram are accounted for by the factor mLT, which is applied 

to the calculated buckling resistance Mb.  Thus it is  straightforward to prepare 

 look- up tables which contain single values of Mb   – the mLT adjustment is  

‘outside’  the calculation of Mb.  The Eurocode takes a different approach and 

allows for the effect of a  non- uniform bending moment using a C1  factor 

within  the calculation of Mcr.  This means that  look- up tables, such as those 

in the ‘Blue Book’  must present values of buckling resistance for different C1  

values, as shown in Table 3 .2.
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Figure 3.3.  Buckling curves
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Table 3.2.  Typical   look- up tables for lateral  torsional  buckling

Designation

Buckling Resistance Moment Mb,Rd  (kNm)

for

Length between lateral  restraints,  L(m)

Second 

Moment 

of Area 

y-y axis 

ly

Cross section 

Resistance (kNm)

C1
(1 )

Classifi cation 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 1 0.0 1 1 .0 1 2.0 1 3.0 1 4.0 cm4

533 ×  21 0 ×  1 01 1 .00 681 602 523 450 387 336 295 262 236 21 4 1 96 1 81 1 68 61  500

1 .50 692 692 644 581 51 9 462 41 1 367 329 297 269 250 233

Mc,y,Rd  =  692 2.00 692 692 692 670 61 8 565 51 4 467 425 387 354 324 298

Mc,z,Rd  =  1 06 2.50 692 692 692 692 689 643 598 553 51 1 471 435 402 373

Class = 1 2.75 692 692 692 692 692 675 632 590 549 51 0 473 440 409
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The importance to the national annex can again be demonstrated within this 

area of the standard. The core Eurocode def nes which buckling curve to use 

based on the h/b  ratio (section height/section breadth)  and proposes that an 

expression can be used to calculate the buckling resistance of rolled sections 

and ‘equivalent welded sections’.  The national annex is given the opportu-

nity to inf uence the curves and the buckling resistance calculation. The UK 

national annex takes this opportunity, def ning additional h/b  limits. The UK 

national annex also specif es  the constants to be used in the calculation of 

buckling resistance, accepting the recommended values for rolled sections, 

but specifying values that downgrade the resistance of welded sections.

Many designers will remember beam design according to BS  449, and look 

back with fondness to the simple tables in that standard. Because the physics 

has not changed, it is  equally possible to present information in a similar way, 

as shown in Table 3 .3.

In Table 3 .3, the h/tf is  the same as D/t in BS  449, and the slenderness is  iden-

tical. The main body of the table gives the proportion of the yield strength to 

be used when calculating the buckling resistance. There is  some conservatism, 

since tables like this assume the most onerous value of C1 , but the result is a 

very simple table.

In practice, most designers use member resistance tables or software  – which 

will deal with any (apparent)  complexity with ease.

Buckling resistances  – the outcomes

The theory is interesting, but what is  the result?  For f exural buckling, the 

calculated resistances are almost identical. For lateral torsional buckling, the 

resistance calculated to the Eurocode can be considerably higher than that 

according to BS  5950  – some 25% increase for a 7 m 533   ×   210  UKB. This 

increased resistance may not be signif cant if def ection or other SLS criteria 

govern, but it is  a signif cant advantage when the buckling resistance is the 

governing check.

Combined bending and axial load

The expression to verify  in- plane and  out- of- plane buckling are not for the 

 faint- hearted. They are equivalent to the ‘more exact’  approaches in BS  5950, 

http://dx.doi.org/10.3403/BS449
http://dx.doi.org/10.3403/BS449
http://dx.doi.org/10.3403/BS5950
http://dx.doi.org/10.3403/BS5950
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Table 3.3.  Presentation of lateral  torsional  buckling tables ( )

lz  =  L/iz lz
h/tf
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and on inspection designers will see the same fundamentals in both standards. 

Unfortunately, the Eurocodes in general are not noted for ‘simple’  alterna-

tives  – the expressions for combined bending and axial load are one area 

where simple expressions would be welcome, at least for manual design. In 

UK practice, the most common occurrence of combined bending and axial 

load is when designing columns in simple construction. In this situation, 

http://www.  access- steel.com provides NCCI that makes the verif cation 

straightforward, as the interaction expression becomes:

y,Ed z,EdEd

min,b,Rd b,Rd cb,z,Rd

1 .5 1
M MN

N M M
+ + £

In most orthodox cases, the moments are either zero (no net moment)  or small 

and the column verif cation is dominated by the axial load. Software will be 

used by most designers using the general expressions in the Eurocode, and 

there are a number of design aids available from the SCI at www.steelbiz.org.

Connections

There are no signif cant changes in connection component strengths designed 

according to BS  EN  1991-1 -8. Bolts are as strong as they always have 

been (92 kN for an M20  8.8  conforming to BS  5950 becomes 94 kN in the 

Eurocode). Welds also have about the same resistance. There are dramatic 

increases in the calculated bearing resistance. BS  5950 provided a bearing 

strength that was chosen to limit the deformation at working load to 1 .5   mm. 

The Eurocode has no such restriction, and therefore the resistances are much 

higher. The UK national annex notes that there may be some circumstances 

where reduced deformation is desirable and provides an alternative g factor  – 

bringing the bearing resistance close to the BS  5950 value.

In a very signif cant departure for UK practice, the Eurocode requires that 

connections be classif ed  – meaning that for example, designers should 

demonstrate that their connection detail really is  nominally pinned, if that has 

been assumed. The Eurocode ref ects practice in some other European coun-

tries, where connection stiffness is calculated. Thankfully, there is  some relief 

in that the Eurocode states that connections may be classif ed on the basis 

of previous satisfactory performance as an alternative to calculation. UK 

designers will be relieved that the UK national annex goes further and states 

that connections designed in accordance with the ‘Green Books’  on simple 

and moment connections can be considered as simple and rigid respectively. 

http://www. access- steel.com
http://dx.doi.org/10.3403/BS5950
http://dx.doi.org/10.3403/BS5950
http://dx.doi.org/10.3403/BS5950
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Caution is urged for connections outside the familiar details in those books, as 

a demonstration of connection stiffness by calculation may be required. This 

is  not a trivial calculation and usually demonstrates that a simple connection 

is not as ‘pinned’  as was hoped.

The UK methods of designing simple connections have been largely followed 

in European guides, which calculate the resistance of each component and 

identify the minimum resistance. An emerging issue is that tying requirements 

depend on building classif cation (this is  covered in the UK Building Regula-

tions and BS  EN  1991-1 -7)  and this in turn means that some relatively low 

storey structures must accommodate relatively high tying forces through the 

beam to column connection. The  much- loved partial depth f exible end plate 

has a relatively low resistance in tying, leading to the use of full depth end 

plates or thicker end plates. Additional standard details have been prepared 

which comprise slightly thicker end plates, welded to both f anges. The 

(enhanced)  resistance of these new details have been calculated in accordance 

with BS  EN  1993-1 -1 , and will be published during 2010.

Support tools

A wealth of support is  already available, including NCCI, design guides, 

worked examples books of member resistance ( the ‘Blue’  and ‘Red’  books)  

and concise guides. A number of publishers have guidance available. As 

might be expected, the Steel Construction Institute has published a range of 

guides, with support from BCSA and Tata. The ‘Concise Guide’  deserves a 

special mention as it tries to offer guidance on the common cases of design, 

from loading through to the detailed design checks. More guidance, covering 

composite members, simple connections, bridge design, f re engineering and 

other topics will be published in 2010  – most orthodox issues will be covered. 

The steel sector maintains the NCCI1)  website (http://www.  steel- ncci.co.uk)  

for  steel- related information. Whilst this material is  likely to be technically 

1 )  Whilst this material is likely to be technically authoritative, not all of it has been reviewed 

by the UK national committee and users should satisfy themselves of its f tness for their 

particular purpose. In particular, they should be aware that material indicated as not 

having been endorsed by the committee might contain elements that are in conf ict with the 

Eurocode. (Source National Annex to EN 1993-1 -1 :2005)

http://dx.doi.org/10.3403/30127320U
http://dx.doi.org/10.3403/03270565U
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authoritative, not all of it has been reviewed by the UK national committee, 

and users should satisfy themselves of its f tness for their particular purpose. 

In particular, they should be aware that material indicated as not having been 

endorsed by the committee might contain elements that are in conf ict with 

the Eurocode.

As the Eurocodes are used, more NCCI will be required and will be added to 

this website.

Conclusions

This chapter has introduced some of the technical issues surrounding the 

design of steel structures. The author’s conclusion is that there are no signif -

cant technical challenges  – once designers have amassed modest experience 

they will appreciate that the design processes are straightforward and familiar, 

albeit dressed in slightly different wrapping to existing standards. There will 

be issues of familiarity ( ‘which Eurocode Part, and which clause?’)  but these 

will diminish with time. Dealing with the sheer numbers of documents, each 

with a national annex, and the management of the change, especially across 

several materials, is  likely to be the larger challenge.

The second conclusion is that the inf uence of the national annex should not 

be underestimated. The examples referred to in this chapter are not meant to 

be exhaustive or to imply that they are the most signif cant  – they are simply 

examples to demonstrate the importance of the national annex. A careful 

review of each national annex and its impact is  strongly recommended.

The third conclusion is that there are some economic advantages in designing 

in accordance with the Eurocodes (based on the technical changes alone). 

Loads are reduced, and resistance is increased in some areas. For  multi- storey 

frames the reduction in loads will be a signif cant saving. For lighter struc-

tures signif cantly affected by wind actions, such as portal frames, the jury is 

still out.

The f nal observation is that designers already have a great deal of support 

available, which will ease the transition. Much of this support is  online, and 

entirely free.
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Eurocode  4:  Design of composite 
steel and concrete structures

Dr Stephen Hicks,  Manager Structural Systems, Heavy Engineering 

Research Association, New Zealand

Introduction

BS  EN  1994 (Eurocode  4)  is  the Structural Eurocode that deals with composite 

steel and concrete structures. It replaces the following national standards:  

BS  5400-5, BS  5950-3.1  and BS  5950-4. Eurocode  4 consists of three Parts:

•  Part 1 -1 , General rules and rules for buildings  (BS  EN  1994-1-1 );

•  Part 1 -2, General rules  — Structural f re design  (BS  EN  1994-1-2);  and

•  Part  2,  General rules and rules for bridges  (BS  EN  1994-2).

To enable Eurocode  4 to be used, designers also need to make reference to 

the national annex, which includes the national decision for Nationally 

Determined Parameters (NDPs), the national decision regarding the use of 

informative annexes and reference to  Non-Conf icting Complementary 

Information (NCCI). For BS  EN  1994-1-1  and BS  EN  1994-1-2, the website 

http://www.  steel- ncci.co.uk will provide all the necessary NCCI, whilst for 

BS  EN  1994-2 NCCI is given in PD  6696-2. In the interests of improving free 

circulation of products and services in Europe, it is  intended to reduce the number 

of NDPs in the future, thereby leading to a gradual alignment of safety levels

across the member states. As a f rst step in this process, the European Commis-

sion Joint Research Centre (JRC)  has commenced a pilot project that is  consider-

ing the harmonization of NDPs, whose initial focus is  Eurocode  2, Eurocode  3  

and Eurocode  4 (http://eurocodes.j rc.ec.europa.eu/showpage.php?id=52).

To assist designers in understanding Eurocode  4, references  [1 ] , [2]  and 

[3]  provide background information on the origin and objectives of the 

code provisions, which are supplemented by a selection of worked 

http://www. steel- ncci.co.uk
http://dx.doi.org/10.3403/BSEN1994
http://dx.doi.org/10.3403/00073298U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/00321332U
http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/30111111U
http://dx.doi.org/10.3403/30117101U
http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/30111111U
http://dx.doi.org/10.3403/30117101U
http://dx.doi.org/10.3403/30163877U
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examples that illustrate the use of a particular clause. In addition, background 

information is freely available through the Eurocodes website of the JRC 

(http://eurocodes. jrc.ec.europa.eu/) .

The objective of this chapter is  to provide an overview of the key aspects 

to Eurocode  4 and consider the principal changes for UK designers. The 

convention used is that, when the provisions are similar in different parts of 

this Structural Eurocode, Eurocode  4 is  referenced. However, when the rules 

are specif c to a certain type of structure, the relevant part is identif ed (e.g. 

BS  EN  1994-1-1  for buildings) .

Materials

Structural steel

Although the use of structural steel with a nominal yield strength of not more 

than 460 N/mm2  is  permitted in bridge designs conforming to BS  5400-5, 

Eurocode  4 offers opportunities for building designers, where previously a 

yield strength of not greater than 355  N/mm2  was allowed in BS  5950-3.1 . 

According to Eurocode  3, the modulus of elasticity for steel should be taken 

as 210 kN/mm2, rather than the value of 205  kN/mm2  given in BS  5400 and 

BS  5950.

Concrete

The strength and deformation characteristics for normal weight and light-

weight concrete are given in Eurocode  2. The compressive concrete strengths 

used in the design rules in according to Eurocode  4 are based on cylinder 

strengths. Strength classes are def ned as Cx/y  for normal weight concrete and 

LCx/y  for lightweight concrete, where x  and y  are the characteristic cylinder 

and cube compressive strengths respectively. For example, C25/30 denotes a 

normal weight concrete with a characteristic cylinder strength of 25  N/mm2  

and a corresponding cube strength of 30 N/mm2.

While BS  5950-3.1  covers the use of concrete grades C25/30 to C40/50 and 

LC20/25 to LC32/40, the range of concrete grades that are permitted in 

designs conforming to Eurocode  4 are much wider at C20/25 to C60/75 and 

LC20/22 to LC60/66 respectively. Although Eurocode  2 provides guidance for 

http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/00073298U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/BS5400
http://dx.doi.org/10.3403/BS5950
http://dx.doi.org/10.3403/00218604U
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lightweight concrete with dry densities of between 800 kg/m2  and 2000  kg/m2, 

it is  unlikely that a density of less than 1750 kg/m3  will be used in composite 

design, owing to the fact that this is  the lowest value that is  permitted in the 

Eurocode  4 equations for evaluating the resistance of headed stud connectors.

Prof led steel sheeting

Yield strengths of 280 N/mm2  and 350 N/mm2  are the common grades for 

steel strip in the UK. Typically, prof led steel sheeting (or decking)  is galvanized 

for durability purposes and, for internal environments, a total zinc coating of 

275 g/m2  is  normal. Grades of steel for prof led steel sheeting are specif ed in 

BS  EN  10326 (this replaces BS  EN  10147, which is the reference given in the 

current version of BS  EN  1994-1-1 ), which distinguishes both the yield strength 

and the level of zinc coating. For example, the designation S  280  GD  +  Z  275 

means 280 N/mm2  yield strength and 275 g/m2  of zinc coating.

The rules in BS  EN  1994-1-1  are only appropriate for prof led steel sheeting 

thicknesses above a certain bare metal thickness. The UK national annex uses 

the recommended value of t  ≥   0.70 mm. Although an identical minimum sheet 

thickness is  given in BS  5950-4, bare metal thicknesses of between 0.86 mm 

to 1 .16 mm have generally been used in the UK to date. The thickness of a 

275  g/m2  zinc coating is equivalent to approximately 0.02 mm on each face, 

resulting in overall sheet thicknesses commonly used in the UK of between 

0.9 mm to 1 .2 mm. For design calculations the smaller bare metal thickness 

should be used.

Reinforcement

In a similar way as BS  5950-3.1 , to simplify calculations the modulus of elas-

ticity of the reinforcement may be taken as equal to the value for structural steel 

in Eurocode  4 ( i.e. 210 kN/mm2  rather than 200 kN/mm2  given in Eurocode  2).

Shear connectors

Headed stud connectors should be supplied according to BS  EN  ISO  13918  

(rather than EN  13918, which is the reference incorrectly given in Eurocode  4) . 

http://dx.doi.org/10.3403/03075525U
http://dx.doi.org/10.3403/01262575U
http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/00321332U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/01426768U
http://dx.doi.org/10.3403/02802125U
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To distinguish studs used for shear connectors, the designation SD is  used, 

for example, SD  19   ×   100, is  a headed stud shear connector with a 19  mm 

diameter shank and a nominal height of 100 mm. Due to the limitations to 

the Eurocode  4  design equations for calculating the resistance of headed 

stud connectors, the stud shank diameters that will be used in practice 

are likely to be between 16 mm and 25  mm for solid concrete slabs, and 

not greater than 19  mm for studs  through- deck welded within the ribs of 

prof led steel sheeting.  The performance of other types of shear connector 

may be evaluated from standard tests  given in the informative Annex  B.2 

of BS  EN  1994-1 -1 , in the absence of guidelines for a European Technical 

Approval (ETA).

In Eurocode  4, the nominal height of the stud rather than the  length- 

after- welding (LAW)  is  used in the design equations. However, LAW is needed 

for detailing purposes, and is  sometimes used to ensure that limits to design 

rules are satisf ed (e.g. LAW is required to determine whether a stud may be 

taken as ductile in the rules for partial shear connection).  As a consequence 

of this, two values of stud height need to be considered by the designer:  

the nominal height for calculating resistance;  and LAW when detailing the 

shear connection. Traditionally, the LAW is taken as 5  mm shorter than the 

nominal height.

Composite beams

Effective width of concrete f anges to composite beams for shear lag

The rules for the effective width in Eurocode  4 are simpler than BS  5400-5, 

but similar to those in BS  5950-3.1 . The effective width at the ultimate limit 

state is  taken as a constant value for the middle portion of the span and tapers 

towards the points of zero moment, as shown in Figure  4.1  (as opposed 

to BS  5950-3.1  where a constant width is  taken along the full length for 

 simply- supported beams);  similar results for effective widths of steel plated 

structural elements can be calculated from BS  EN  1993-1 -5. In addition, 

when multiple shear connectors are provided, the effective width may be 

increased by the distance between the outermost shear connectors measured 

from their  centre- lines, b0  ( see Figure  4.1 ) .  However, for the serviceability 

limit state, the Eurocode  4 provisions are similar to BS  5950-3.1  in that a 

constant effective breadth may be assumed to act over the entire span, based 

on the  mid- span value.

http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/00073298U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/30126875U
http://dx.doi.org/10.3403/00218604U
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In both BS  5950-3.1  and Eurocode  4, the maximum value of the effective 

width be1   =  be2   =  span/8  on each side of the beam (see Figure  4.1 ).  As well 

as considering this limit, the width assumed in design must not exceed the 

actual slab width available, which is particularly relevant to edge beams and 

beams adjacent to openings. The rules in Eurocode  4 are more generous for 

cases when the slab is spanning parallel to the span of the beam in that, in 

BS  5950-3.1 , the width assumed in design could not exceed 80%  of the actual 

slab width available.

Creep and shrinkage

One of the differences from previous UK practice is  that the elastic modulus 

for concrete under  short- term loading is a function of its grade and density. 

As a consequence of this, instead of the  short- term value, n0, of 6 and 10 for 

normal weight and lightweight concrete respectively, a range of values should 

be used. For design conforming to Eurocode  4, n0  ranges between:  5.2 to 

6.8  for normal concrete;  and 8.3  to 10.8  for lightweight concrete with a dry 

density r  =   1750 kg/m3.

In BS  5950-3.1 , the effective modular ratio that should be used in design is 

based on a consideration of the short- and  long- term modular ratio, and the 

proportion of the total loading that is  long term. However, BS  EN  1994-1-1  

introduces a useful simplif cation for composite beams in buildings in that the 

modular ratio may be taken as 2n0  for both short- and  long- term loading if:

•   f rst- order global analysis is  acceptable (which is expected to occur in the 

majority of cases) ;

•  the f oor is not mainly intended for storage; and

•  the f oor is not prestressed by controlled imposed deformations.

Shear connection

Partial shear connection

Ductile shear connectors are def ned as those having suff cient deformation 

capacity to justify the assumption of ideal plastic behaviour of the shear 

connection (measured in terms of the slip at the interface between the steel 

beam and the concrete slab). Suff cient slip capacity enables the longitudinal 

http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/03221508U
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shear to be redistributed between the shear connectors before any of them 

fail, such that they may be taken to be equally loaded at the ultimate limit 

state. In these situations, it is permitted to space the connectors uniformly, 

which is helpful when the connectors are used with prof led steel sheeting, 

due to the f xed pitch of the ribs. Unlike BS  5950-3.1 , whose only requirement 

is  that other types of shear connectors should have at least the same defor-

mation capacity as headed studs, Eurocode  4 specif es  that a shear connector 

may be taken to be ductile if its characteristic slip capacity, duk, is  at least 

6 mm. In situations when the shear connector is  not a headed stud, duk  may 

be evaluated from the standard test given in Annex  B.2 of BS  EN  1994-1-1 .

According to BS  EN  1994-1 -1 , headed studs with a shank diameter, d, of 

between 16 mm and 25 mm, and an overall length after welding (LAW) 

of not less than 4d may be considered ductile within def ned limits to the 

degree of shear connection, h.  Unlike BS  5950-3.1 , where the limits to the 

degree of shear connection depended only on the beam span, the limits in 

BS  EN  1994-1 -1  are a function of the beam span, the steel grade and whether 

the steel section is symmetric or asymmetric (def ned by the ratio of the 

bottom f ange area to top f ange area of the steel section). The maximum 

asymmetry that is permitted is for steel sections with a bottom f ange area 

equal to three times the area of the top f ange. For steel sections in which 

the ratio of f ange areas is  between 1  and 3, linear interpolation is permitted. 

A graphical representation of the degree of shear connection requirements 

in BS  5950-3.1  compared with BS  EN  1994-1 -1  is  presented in Figure  4.2. 

As can be seen from Figure  4.2, for symmetric steel sections, a much lower 

degree of shear connection is permitted than in BS  5950-3.1 .

A third set of rules where headed stud connectors may be considered as ductile 

over a wider range of spans is  given in BS  EN  1994-1-1 . However, these are 

more restrictive in scope and only apply to prof led steel sheeting spanning 

perpendicular to the supporting beam, with ribs not greater than 60 mm in 

height and one 19 mm diameter stud per rib. Moreover, this third set of rules 

can only be used when the simplif ed method is used (where the composite 

moment resistance is linearly interpolated between full shear connection and 

no shear connection), as opposed to the rules in Figure  4.2 where the tradi-

tional  stress- block method is used, which gives a larger lever arm and moment 

resistance.

The use of  non- ductile shear connectors is  permitted in Eurocode  4 (such as 

headed studs used outside the ranges given in Figure  4.2, or block connectors).

http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/03221508U
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However, the spacing of the shear connectors must be based on an elastic 

analysis of the longitudinal shear.

Resistance of shear connectors embedded in solid slabs and concrete 

encasement

Although only design rules for headed stud connectors are given in Eurocode  4, 

the UK national annex to BS  EN  1994-2 provides guidance for block connec-

tors with hoops through PD  6696-2. Specif c design rules for horizontally 

lying studs are provided in Annex  C of BS  EN  1994-2 which, according to 

the UK national annex to BS  EN  1994-1-1 , may also be used for buildings.

Unlike BS  5950-3.1  and BS  5400-5, where the characteristic resistances of 

headed stud connectors were presented in tabular form, the stud resistance 

in Eurocode  4 is  taken to be the lesser of two equations (one representing 

stud shank failure, the other representing crushing of the concrete around 

the stud). A comparison of the characteristic resistances of typical 19 mm 
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diameter studs embedded in solid concrete slabs is  presented in Table  4.1  and 

Table  4.2 for normal weight and lightweight concrete respectively.

Unlike BS  5950-3.1 , where the design stud resistance is reduced in hogging 

moment regions, in Eurocode  4 it is  assumed that the design resistance is not 

dependent on whether the surrounding concrete is  in compression or tension. 

Although test evidence suggests this assumption is slightly unconservative for 

hogging moment regions  [4] , this is  compensated by the fact that only full 

shear connection is permitted by BS  EN  1994-1-1  in these areas.

While BS  5950-3.1  and BS  5400-5 recognize that appropriate resistance to 

uplift should be provided by the shear connectors, only BS  5400-5 provides 

specif c rules on the inf uence of tension on the shear resistance of headed 

studs. According to Eurocode  4, the design shear resistance of headed studs, 

PRd, may be assumed to be unaffected, provided that the design tensile force 

does not exceed 0.1PRd;  for situations when the design tensile force exceeds 

this value, the connection is not within the scope of Eurocode  4. However, for 

situations where signif cant tension forces may develop in shear studs (such as 

may be encountered over long  web- openings,  tension- f eld action, etc.) , guid-

ance to UK designers is  given in PD  6696-2.

Table 4.1 .  Characteristic resistances of 1 9 mm diameter ×  95 mm LAW stud 

connectors embedded in normal weight concrete

Standard Characteristic resistances of shear connectors (kN) 

for concrete grade

C20/25 C25/30 C30/37 C35/45 C40/50

Eurocode 4

BS 5400 and BS 5950-3.1

81

95

 93

1 00

1 04

1 06

1 1 3

1 1 4

1 1 3

1 1 9

Table 4.2.  Characteristic resistances of 1 9 mm diameter ×  95 mm LAW 

stud connectors embedded in l ightweight concrete (with a dry density 

r =  1 750 kg/m³)

Standard Characteristic resistances of shear connectors (kN) 

for concrete grade

LC20/22 LC25/28 LC30/33 LC35/38 LC40/44

Eurocode 4

BS 5400 and BS 5950-3.1

64

83

74

88

83

92

91

97
 99

1 02
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Design resistance of headed studs used with prof led steel sheeting in 

buildings

The BS  EN  1994-1-1  reduction factors that are applied to stud connectors 

welded within the ribs of prof led steel sheeting are calculated using identical 

equations to those in BS  5950-3.1 , except that a lower multiplier is used for 

cases when the sheeting ribs are perpendicular to the supporting beams. Also, 

while the limiting values to the reduction factors in BS  5950-3.1  were based 

on the number of studs per rib, the limits in BS  EN  1994-1-1  are a function 

of the number of studs per rib, the thickness of the sheet and whether the 

studs are  through- deck welded or welded through holes in the sheet. Unlike 

BS  5950-3.1 , no reduction factor equations are provided for more than two 

studs per rib.

The geometry of existing UK prof led steel sheets have been designed such 

that the limiting value dominates, so the reduction factors in BS  EN  1994-1 -1  

are independent of the geometry and are therefore based on the number of 

studs per rib and the orientation of the sheet. As a consequence of this, for 

 through- deck welded 19 mm diameter  ×  95  mm LAW studs, the reduction 

factor values from BS  EN  1994-1-1  are identical to those given in BS  5950-

3.1  for sheet thicknesses greater than 1 .0 mm, but up to 15%  lower for sheet 

thicknesses less than 1 .0 mm. Nevertheless, when concrete grades less than 

C35/45 and LC40/44 are used, the resistance of headed stud connectors will 

be lower than those given by BS  5950-3.1 , irrespective of the sheet thickness 

(see Table  4.1  and 4.2) .

Detailing of the shear connection

One of the signif cant differences in the detailing rules to Eurocode  4 

compared to BS  5950-3.1  is  the requirement that the underside of the head of 

a stud should extend not less than 30 mm clear above the bottom reinforce-

ment to provide adequate resistance to separation;  this rule appears to have 

been developed from a consideration of the performance of studs in solid 

slabs, or composite slabs with shallow  re- entrant prof led steel sheeting. In 

60 mm deep prof led steel sheets commonly used in the UK, the presence of a 

shallow  re- entrant stiffener to the top f ange of the sheet results in an overall 

depth closer to 70 mm, meaning that this detailing rule cannot be achieved for 

typical 19 mm diameter  ×  95  mm LAW studs. Nevertheless, recent  full- scale 

http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/BS5950
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/00218604U


Eurocode 4: Design of composite steel and concrete structures

115

beam tests have indicated that this rule could be relaxed for typical 60 mm 

deep prof led steel sheets used in the UK  [5] .

Design resistance to longitudinal shear in concrete slabs

In evaluating the amount of transverse reinforcement required to prevent longi-

tudinal splitting caused by the forces from the shear connectors, Eurocode  4 

refers to the provisions in Eurocode  2 for reinforced concrete  T- beams. The 

rules in Eurocode  2 are based on a truss analogy, where it assumed that 

successive concrete struts form in the f ange to the beam with the transverse 

reinforcement acting as ties to maintain equilibrium and prevent the concrete 

struts from rotating (see Figure  4.3).  This approach is a signif cant depar-

ture to the rules for transverse reinforcement in BS  5400-5 and BS  5950-3.1 , 

which were developed from a  semi- empirical relationship.

Like BS  5950-3.1  and BS  5400-5, the design longitudinal shear resistance of 

the concrete slab should exceed the design resistance of the shear connectors 

to ensure that the more ductile shear connectors are the critical design case. 

Where a combination of precast and  in- situ concrete is  used, the longitudinal 

shear resistance should again be evaluated according to Eurocode  2, but in 

these situations using the provisions for shear at the interface for concrete 
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Figure 4.3.  Truss model  for transverse reinforcement

http://dx.doi.org/10.3403/00073298U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/00073298U


The essential guide to Eurocodes transition

116

cast at different times. These rules are different to those currently recom-

mended in UK practice  [6] .

In a similar way as in BS  5950-3.1 , when prof led steel sheeting spans perpen-

dicular to the supporting beam and is either continuous, or discontinuous but 

anchored (from the provision of  through- deck welded stud connectors), the 

sheet may be taken to contribute to the transverse reinforcement. However, 

for the case when the sheets are discontinuous and anchored, the rules in 

BS  EN  1994-1-1  are more consistent than BS  5950-3.1  and BS  5950-4, in that 

the basis for calculating the bearing resistance of the stud is identical for both 

transverse reinforcement considerations and end anchorage in composite slabs.

Serviceability limit state

Def ections

The additional def ection due to partial shear connection need not be consid-

ered if the shear connection is:

•  designed according to the methods for headed studs in BS  EN  1994-1-1  

(see Figure  4.2);

•  the degree of shear connection, h, is  not less than 50%; and

•  when the ribs of the prof led steel sheet are perpendicular to the supporting 

beam their height does not exceed 80 mm.

Shrinkage of the concrete results in forces on the shear connectors to act in 

the opposite direction to that due to the vertical loads, and can therefore be 

neglected when designing the shear connection. However, the shrinkage forces 

can cause the beam to def ect in the same way as if the beam was subject to 

vertical loading, which leads to additional def ections and f exural stresses. In 

BS  5950-3.1 , it was not necessary to consider the effects of shrinkage if the 

calculation procedures provided in that Standard were adopted. According 

to BS  EN  1994-1-1 , the additional def ection due to shrinkage need not be 

included in design if the  span- to- depth ratio of the beam is not less than 20 

and normal weight concrete is  used. For other cases, guidance is given by 

Johnson and Anderson  [1 ] .
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Irreversible deformation

As opposed to BS  5950-3.1 , there are no specif c requirements to limit stresses 

at the serviceability limit state in BS  EN  1994-1-1 . However, to ensure that 

it is  appropriate to base the calculations for def ections on elastic theory, it is 

considered good practice to use similar limitations as BS  5950-3.1 . On this 

basis, it is  recommended  [7]  that in designs conforming to BS  EN  1994-1-1  

the calculated stresses should be limited to the yield strength of the steel, fy, 

and the concrete stress to 0.63fck.

Vibrations

Owing to the fact that limits to vibrations are  material- independent, 

Eurocode  4 refers designers to BS  EN  1990. For vibration limits in buildings, 

BS  EN  1990, Annex  A1 .4.4 refers to ISO  10137. However, no guidance is 

given to the designer on how these limits should be verif ed;  it is  expected 

that, for  steel- framed buildings, an appropriate NCCI will be given, such as 

reference  [8] . For bridges, specif c vibration limits are provided in Annex  A2.4 

of BS  EN  1990.

Crack widths

Where composite beams and composite slabs are designed as  simply- supported, 

but the slab is continuous, a minimum percentage of reinforcement should 

be provided over the intermediate supports. According to BS  5950-4, rein-

forcement equivalent to 0.1%  of the  cross- sectional area of the concrete 

should be provided as a minimum for unpropped construction. However, UK 

industry has already moved away from this value and adopted the following 

BS  EN  1994-1  provisions as good practice when the control of crack widths 

is not required:

•  0.2%  of the  cross- sectional area of the concrete ( taken as the depth 

above the ribs of the sheeting, hc, for composite slabs)  for unpropped 

construction;

•  0.4%  of the  cross- sectional area of the concrete (taken as the depth above 

the ribs of the sheeting, hc, for composite slabs)  for propped construction.

http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/00218604U
http://dx.doi.org/10.3403/03221508U
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/00321332U
http://dx.doi.org/10.3403/BSEN1994-1


The essential guide to Eurocodes transition

118

When limits to the crack widths are required, reference should be made to 

Eurocode  2 for composite slabs and slabs to beams.

Design for f re resistance

The f re resistance of a composite beam may be evaluated using the bending 

moment resistance model in BS  EN  1994-1-2, which is similar to the moment 

capacity method given in BS  5950-8. When the ribs of the prof led steel 

sheeting are perpendicular to the supporting beam, voids are created between 

the sheeting and the top f ange of the steel beam. Unlike BS  5950-8, where 

limiting temperatures were only provided when the voids were f lled with 

 non- combustible f ller, according to BS  EN  1994-1 -2 the voids may be ignored 

if at least 85%  of the surface of the top f ange is in contact with the slab. As a 

consequence of this, the voids do not need to be f lled for  re- entrant prof les, 

but they must be f lled for trapezoidal prof les (or the effect of the voids on 

the beam temperature must be considered).

An alternative method for evaluating the f re resistance of a composite beam 

is the critical temperature model in BS  EN  1994-1-2, which is used to estimate 

the critical temperature of the lower f ange of the steel beam under a given 

sagging bending moment. Although this method is simple, for a composite 

beam designed for partial shear connection at ambient temperature, the crit-

ical temperature method is likely to be more conservative compared to that 

achieved using BS  5950-8.

Composite columns

Rules for composite columns in buildings were intended to be provided 

in BS  5950-3.2, but this standard was never published. However, rules for 

composite columns were published in BS  5400-5, and have been used in 

the UK for the design of bridge piers. The rules for composite columns in 

Eurocode  4 are appropriate for concrete f lled steel hollow sections, fully 

 concrete- encased and partially  concrete- encased steel  H- sections. The advan-

tages of using composite columns are that they possess a high bearing resist-

ance and, in buildings, signif cant periods of f re resistance can be achieved 

without the need for applied external protection.
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Composite joints

Although design guidance for composite  beam- to- column connections has 

been available since 1998   [9] , the design rules are formalized through the 

publication of BS  EN  1994-1 -1 . The benef t of using composite connec-

tions in braced frames is that beam depths and section sizes can be reduced, 

improved serviceability performance is achieved ( in terms of def ections)  and, 

due to the improved continuity between the frame members, greater robust-

ness is  possible.

Composite slabs

Flexure

The  m- k  method in BS  5950-4 is the traditional approach for evaluating the 

longitudinal shear resistance of composite slabs;  however, this method has 

limitations and is not particularly suitable for the analysis of concentrated 

line and point loads. As well as the  m- k  method, in BS  EN  1994-1 -1  another 

approach known as the partial connection method is given, which is based 

on the principles of partial shear connection. This method provides a more 

logical approach to determine the slab’s resistance from applied concentrated 

line or point loadings, but may only be used when ductile longitudinal shear 

behaviour has been demonstrated by tests on composite slabs.

Both the  m- k  and partial connection method in BS  EN  1994-1-1  rely on 

tests on composite slabs to evaluate the longitudinal shear strength, or ‘shear 

bond’  value, for the variables under investigation. However, design values 

that have been evaluated from tests according to BS  5950-4 cannot be used 

directly in Eurocode  4, unless they have been converted by a method such 

as that described in [10] . It is  expected that, once the national standards are 

withdrawn, design tables and software according to the Eurocodes will be 

provided by prof led steel sheeting manufacturers for their specif c products.

Concentrated point and line loads

Concentrated point and line loads often occur in buildings from, for example, 

temporary props during construction, wheel loads, columns, solid masonry 
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partitions, etc. In these situations, the effect of the smaller effective slab width 

available for bending and vertical shear resistance needs to checked at the 

locations of these loads. The BS  EN  1994-1-1  equations for determining the 

effective width of composite slabs are identical to those given in BS  5950-4, 

with the exception that their applicability is  limited to cases when the ratio 

of the sheet height to the overall slab depth hp/h  does not exceed 0.6. More-

over, although an identical nominal transverse reinforcement area of not less 

than 0.2%  of the area of concrete above the ribs of the sheet is  specif ed in 

BS  EN  1994-1-1 , a signif cant difference is that this level of reinforcement is 

only appropriate for characteristic imposed loads not exceeding 7.5   kN for 

concentrated loads, and 5.0 kN/m2  for distributed loads. In situations when 

this loading is exceeded, the appropriate transverse reinforcement should be 

determined in accordance with Eurocode  2.

Vertical shear

The vertical shear resistance of a composite slab should be determined using 

Eurocode  2, which depends on the effective depth of the  cross- section to the 

centroid of the tensile reinforcement. Although not specif ed in BS  EN  1994-

1 -1 , in BS  5950-4 and the ENV version of BS  EN  1994-1-1  it was permitted 

to take the prof led steel sheeting as the tensile reinforcement provided that 

it was fully anchored beyond the section considered. However, for heavily 

loaded slabs additional reinforcement may be required at the support when 

the prof led steel sheeting is discontinuous and only has limited anchorage.

Design for f re resistance

The required f re performance of f oor slabs is def ned by the Approved Docu-

ment  B to the UK National Building Regulations. The Approved Document 

requires the slab performance to be assessed based on criteria for insulation 

(criterion  I) , integrity (criterion  E)  and load bearing capacity (criterion  R). In 

BS  EN  1994-1 -2, it may be assumed that composite slabs satisfy the integrity 

criterion. Moreover, according to BS  EN  1994-1-2, composite slabs that have 

been designed to BS  EN  1994-1-1  may be assumed to possess 30  min f re 

resistance when assessed according to the load bearing capacity criterion. 

Nevertheless, the slab’s ability of achieving the insulating criterion still needs 

to be verif ed.
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The insulation criterion is satisf ed by providing adequate slab thickness to 

ensure that the temperature of the unexposed surface of the slab does not 

exceed 140 °C. The UK national annex to BS  EN  1994-1-2 provides a table 

of recommended slab thicknesses for both trapezoidal and  re- entrant prof les 

to satisfy the insulation requirements for common periods of f re resistance. 

These slab thicknesses are identical to those given in BS  5950-8.

Despite the fact that Annex  D of BS  EN  1994-1-2 provides a calculation 

model for estimating the f re resistance of composite slabs, the UK national 

annex does not recommend its use, owing to the fact that many UK prof led 

steel sheets are outside the limits to its f eld of application. In an attempt to 

resolve this issue, alternative design temperatures based on BS  5950-8  are 

presented in the UK national annex.

Typically, design tables that satisfy the load bearing criterion are given by 

prof led steel sheeting manufacturers, which are based on the extended appli-

cation of a single f re test on a particular product. Although the extended 

application of f re test results in the UK is already based on a design model 

that is  in the spirit of BS  EN  1994-1-2, extending the application of f re 

tests will be formalized in the future through the publication of a series of 

European Standards with the designation EN  15080. For projects in other 

European countries, where the use of Annex  D of BS  EN  1994-1-2 is recom-

mended, it is  likely that the manufacturer’s f re design tables will be the only 

valid method of design for UK prof les;  in particular, when the contribution 

of the tensile resistance of the prof led steel sheet is  included in the calculation 

of the sagging moment resistance (a practice that has hitherto been included 

in UK design, which often eliminates the need for reinforcement bars within 

the ribs) .

Conclusions

Eurocode  4 brings both benef ts  and challenges to UK designers who are 

familiar with the earlier national standards for composite steel and concrete 

structures. To assist designers in the transition to the Eurocodes, the Steel 

Construction Institute (SCI)  have issued a suite of design guides that provide 

advice on designing structural elements and frames..  In addition to the design 

guides, the European steel industry’s multilingual Eurocode  3  and Eurocode  4 

website, Access Steel (www.  access- steel.com), contains further guidance.
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Eurocode 5:  Design of timber 
structures

Arnold Page, BSc,  BD, MIWSc.  Structural timber engineering 

consultant

Introduction

BS  EN  1995 consists of three parts:

•  Part 1 -1 :  General.  Common rules and rules for buildings

•  Part 1 -2:  General.  Structural f re design

•  Part 2:  Bridges

Each part has its own national annex. The three UK national annexes for 

Eurocode  5  contain only 10 substantive pages in total.

With BS  EN  1990 and three standards which provide essential material prop-

erties (BS  EN  338, Structural timber   –  Strength classes, BS  EN  1194, Timber 

structures   –  Glued laminated timber   –  Strength classes and determination of 

characteristic values, and BS  EN  12369,  Wood- based panels   –  Characteristic 

values for structural design)  Eurocode 5  replaces BS  5268-2, 3 , 4  and 6.

Scope and contents

The three parts of Eurocode  5  provide the procedures and formulae required 

to determine the mechanical resistance, serviceability, f re resistance and some 

aspects of the durability of timber structures and their connections. Part  1 -1 , 

as its title states, provides general rules for the design of timber structures 

and of buildings in particular. Part  1 -2 provides methods to ensure that speci-

f ed periods of f re resistance can be achieved to avoid collapse and limit the 
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spread of f ame by maintaining the integrity of separating walls and f oors. 

Part  2  supplements Part  1 -1  by providing design methods related to the reli-

ability of a whole bridge or major parts of it, whether it is  made of timber or 

of timber acting in conjunction with concrete.

The materials covered comprise:

•  structurally graded solid timber;

•  glulam (glued laminated timber);

•  LVL ( laminated veneer lumber)  and other structural reconstituted wood 

products;

•  structurally certif ed  wood- based panels  – plywood, particleboard, OSB 

(oriented strandboard)  and various types of f breboard;

•  metal fasteners and plates for connections;

•  timber/concrete beam/decks in bridges.

Eurocode 5  covers the use of these materials per se as well as in compo-

nents such as  I-  joists and in assemblies such as roof trusses, timber frame wall 

panels and portal frames.

Eurocode 5  does not provide:

•  strength and stiffness properties for timber and  wood- based materials;

•  tables of  pre- calculated values for the  load- carrying capacity of metal 

fasteners

•  information on the design of glued joints;

•  design rules for earthquake resistance (which are given in BS  EN  1998);

•   non- structural aspects of design such as thermal and sound insulation.

Like the other  material- specif c Eurocodes, Eurocode  5  has to be used in 

conjunction with two further Eurocodes which apply to all structural mate-

rials:  BS  EN  1990 and BS  EN  1991 .

BS  EN  1990 (Eurocode:  Basis of structural design)  explains how to calcu-

late the design values of actions (usually loads)  and material properties, and 

BS  EN  1991  (Eurocode 1 :  Actions on structures)  tabulates standard mate-

rial weights and specif es  imposed loads and wind loads, replacing BS  6399. 

Figure  5.1  illustrates the principal parts of the Eurocode system on which 

timber design depends.

Tables  5.1  to 5.3  summarize the contents of each of the three parts of 

Eurocode  5.

http://dx.doi.org/10.3403/BSEN1998
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/BSEN1991
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/BSEN1991
http://dx.doi.org/10.3403/BS6399
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Figure 5.1 .  Eurocode system for structural  timber design
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Table 5.1 .  Contents of Part 1 -1 :  General – Common rules and rules

for buildings

Section Description

1 General Scope,  references,  defi nitions and symbols

2 Basis of design Supplements Eurocode 0 with  timber-specifi c 

matters – service classes,  load duration classes,  

creep and sl ip,  plus partial  safety factors for 

different timber based materials

3 Material  properties This section does not include properties as such,  

but gives tables of values to al low for the effects 

on timber materials of service class,  load duration 

and creep

4 Durabil ity A page on durabil ity which includes a useful  table 

of specifi cations for the corrosion protection of 

metal  fasteners

5 Basis of structural  

analysis

A short section covering mainly the analysis of 

assemblies,  including frames (e.g.  roof trusses) 

and arches (e.g.  portal  frames)

6 Ultimate l imit states An important section covering the design of 

beams,  columns and ties,  including tapered,  

curved and pitched cambered beams

7 Serviceabil ity l imit 

states

This explains how to calculate the initial  and fi nal  

sl ip in  mechanically fastened joints,  defi nes the 

components of defl ection,  and explains how 

to check the vibration of domestic fl oors.  (The 

vibration performance of fl oors must be checked 

for fl oor design in  Eurocode 5. )  More precise 

recommendations for l imiting the defl ection of 

beams are given in  the national  annex,  which also 

provides substantial  additional  guidance for the 

checking of fl oor vibrations

8 Connections with  

metal  fasteners

The longest section in  the code,  Section 8 

provides formulae for calculating the shear and 

withdrawal  strength of mechanical  fasteners 

and the strength of connections made with 

mechanical  fasteners.  I t does not provide any 

tables of pre-calculated values.  The fasteners 

covered are staples,  nails,  wood screws,  bolts,  

steel  dowels,  punched metal  plate fasteners 

(commonly called ‘nai l  plates’ ),  split rings,  shear 

plates and toothed-plate connectors
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9 Components and 

assemblies

This section provides useful  guidance on the 

design of items such as I-joists,  stressed skin 

panels,  horizontal  diaphragms and bracing.  I t 

also provides two methods for designing wall  

panels to resist racking loads,  the second of 

which is specifi ed by the national  annex for the 

design of timber framed walls in  the UK

1 0 Structural  detail ing 

and control

Like its counterpart in  BS 5268,  this section is 

fairly short and relates mainly to connections

A Block shear and 

plug shear failure 

at multiple dowel-

type steel-to-timber 

connections

The fi rst of three informative annexes,  this one 

provides guidance on checking against the 

possibil ity that a complete block or plug of 

timber may shear out of a connection loaded in  

tension by multiple fasteners such as nails or 

bolts.  The national  annex restricts the use of this 

clause to specifi ed minimum numbers of 

fasteners

B Mechanically jointed 

beams

A design method for determining the strength 

and stiffness of nailed I-beams and box-beams 

which al lows for sl ip at the connections.  Although 

the national  annex permits its use,  the calculated 

bending stiffness does not always match 

experimental  results

C Built-up columns Guidance for the design of built-up columns 

and trusses in  which two or more parallel  timber 

members are connected spaced apart by packing 

pieces.  The trusses can be of ‘V’  or ‘N’  formation 

and the connections can be made with mechanical  

fasteners or be adhesively bonded

D Bibliography A minimal  bibliography which simply cites EN 338 

and EN 1 994

http://dx.doi.org/10.3403/BS5268
http://dx.doi.org/10.3403/00560918U
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Table 5.2.  Contents of Part 1 -2:  General – Structural fi re design

Section Description

1 General Scope,  references,  defi nitions and symbols

2 Basis of design Discusses requirements for load-bearing,  

separating and insulation functions,  and gives 

methods for determining the design values of 

strength properties in  an accidental  fi re situation

3 Material  properties Provides methods for determining the charring 

depth of timber members either exposed 

to or protected from fi re,  and gives general  

statements on the types of adhesive suitable for 

use in  fi re situations

4 Design procedures for 

mechanical  resistance

Various design procedures including the stabil ity 

of beams and columns,  and formulae for 

determining the sl ip modulus of mechanically 

fastened joints in  fi re.  The national  annex states 

that of the two methods given for determining 

the strength of the residual  section,  the reduced 

cross-section method should be used

5 Design procedures for 

wall  and fl oor assemblies

A couple of rules related to load-bearing and 

separating walls and fl oors respectively.  (Rule 

5.2(1 )  implies that external  timber-frame walls 

should be designed to resist fi re on both sides 

at the same time (which may lead to some 

debate!)  

6 Connections A very useful  section which gives methods 

for calculating the period of fi re resistance of 

various types of mechanical  connection,  both 

protected and unprotected from fi re.  I t also 

covers connections made with internal  and 

external  steel  plates,  and axially loaded screws 

(e.g.  supporting soffi ts)

7 Detail ing Requirements for minimum dimensions,  

the detail ing of panel  connections and the 

attachment of protective claddings

A Parametric fi re exposure More information about charring depth and the 

fi re resistance of members to edgewise bending

B Advanced calculation 

methods

This annex concerns specialized fi re design 

and is unlikely to be of general  interest (e.g.  ‘ the 

effects of transient thermal  creep should be 

taken into account …  special  attention should 

be given to transient states of moisture’)  
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C Load-bearing fl oor 

joists and wall  studs 

in  assemblies whose 

cavities are completely 

fi l led with insulation

This useful  annex includes methods for 

determining the residual  strength and stiffness 

of wall  studs and fl oor joists in  assemblies 

exposed to fi re on either one or both sides

D Charring of members in  

wall  and fl oor assemblies 

with  void  cavities

Additional  information for calculating the time 

to start of charring and to failure of assemblies 

initial ly protected by gypsum plasterboard

E Analysis of the 

separating function of 

wall  and fl oor assemblies

This is a complicated design method for 

determining the time that separating walls and 

fl oors made with  layers of various materials 

and thicknesses,  including voids,  wil l  keep 

the temperature on the unexposed side to 

within  specifi ed l imits.  I t could  be useful  

for manufacturers who are developing new 

elements,  but the performance of separating 

elements is normally determined by test

F Guidance for users of 

this Eurocode Part

Two fl owcharts to guide users through the fi re 

design maze,  one for load-bearing structural  

members and the other for the design of 

connections

Table 5.3.  Contents of Part 2:  Bridges

(Since this part of Eurocode 5 supplements Part 1 -1  i t is fairly short)

Section Description

1 General Scope,  references,  defi nitions and symbols

2 Basis of design A brief summary of the general  Eurocode design 

basis,  plus some additional  load durations and 

partial  factors for materials that are specifi c to 

bridge design.  In  particular Eurocode 5 Part 2  

must be read in  conjunction with the 26 pages 

of BS EN 1 990 Annex 2:  Application for bridges

3 Material  properties Requirements for pre-stressing steels

4 Durabil ity Various requirements and recommendations 

relevant to bridge design

5 Basis of structural  

analysis

Additional  rules for the design of laminated 

deck plates (nail-,  stress- and glued-laminated),  

composite members in  general,  and timber/

composite members

http://dx.doi.org/10.3403/03202162U
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Key technical changes

The key technical changes from BS  5268  are:

a)  the differentiation between ultimate, serviceability and accidental limit 

states;

b)  the  re- classif cation of load durations

c)  the partial factor safety format, which requires safety factors to be applied 

manually to both loads and material properties, rather than having them 

all built into tabulated grade or basic values;

d)  the use of load combination factors;

e)  new symbols and material strength modif cation factors;

f)  the use of Emean for all def ection calculations, choice of def ection limits, 

and the increased emphasis on calculating creep def ection;

Table 5.3.  Contents of Part 2:  Bridges.  (Contd)

Section Description

6 Ultimate l imit states Formulae for calculating the strength of deck 

plates.  Fatigue considerations

7 Serviceabil ity l imit states Recommendations for l imits on defl ection and 

vibration in  timber bridges

8 Connections with  metal  

fasteners

Guidance for calculating the strength of 

connections between timber and concrete

9 Structural  detail ing and 

control

Two additional  clauses relevant to bridge 

construction

A Fatigue verifi cation Clause 6.2 of Eurocode 5 Part 2  requires 

a designer to verify that no failure or major 

damage due to fatigue wil l  occur,  but note 1  to 

the same clause states that a fatigue verifi cation 

is not normally required for timber footbridges.  

Annex A provides a method for assessing 

whether a fatigue investigation is required and,  if 

it is,  a method for determining the design fatigue 

strength

B Vibrations caused by 

pedestrians

Formulae for calculating the vertical  and 

horizontal  accelerations produced by one or 

more pedestrians crossing a bridge.  The Annex 

does not provide any guidance for calculating 

the fundamental  natural  frequency of vibration in  

each direction,  which must be calculated fi rst

http://dx.doi.org/10.3403/BS5268
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g)  the differentiation between principles and application rules (clauses which 

are designated by the letter ‘P’  are principles which must be complied with, 

whereas other clauses provide only recommended methods by which the 

principles may be satisf ed) ;

h)  BS  EN  1995 is a theoretical design code rather than a code of best prac-

tice, so formulae replace tabulated values and most of the helpful advice 

given in BS  5268  has disappeared.

A few comments may be made on each of the above:

a)  The differentiation between ultimate, serviceability and 

accidental limit states

Design work conforming to Eurocode  5  requires the calculation of at least 

two different design loads  – one for strength and stability calculations ( i.e.  

ULS or ultimate limit states) , for which safety factors are applied to the loads, 

and the other for def ection calculations ( i.e. SLS or serviceability limit states), 

for which safety factors are not used. As with BS  5268  design, if loads of more 

than one duration are applied to a member, a separate calculation of the ULS 

design load must be made for every load duration represented in order to 

determine the critical load combination.

Dealing with accidental limit states under Eurocode  5  is  possibly more 

straightforward than with BS  5268  because it follows the same procedure 

as ultimate limit state design but with appropriately modif ed partial factors 

and load combination factors, and only one load duration normally has to be 

considered, that is  instantaneous.

b)  The reclassif cation of load durations

Whereas BS  5268  designated four different load durations  ( long- term, 

 medium- term,  short- term and very  short- term), Eurocode  5  designates f ve, 

as shown in Table  5.4.

Thus the imposed f oor load duration is reduced from  long- term to 

 medium- term, and the snow load duration is reduced from  medium- term to 

 short- term.

http://dx.doi.org/10.3403/BSEN1995
http://dx.doi.org/10.3403/BS5268
http://dx.doi.org/10.3403/BS5268
http://dx.doi.org/10.3403/BS5268
http://dx.doi.org/10.3403/BS5268
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c)  The partial factor safety format

Under BS  5268  design rules all the safety factors were incorporated in the 

tabulated material properties, which were applicable to BS  5268   long- term 

loading. For loadings of shorter duration the strength properties were 

increased by an appropriate load duration factor. In Eurocode design the 

tabulated material properties are 5%  fractile characteristic test values which 

are applicable to test durations of only about 5   min. So the designer has to 

decrease them for loads of longer duration  (short- term,  medium- term, etc.) , 

and then decrease them again by a material safety factor which depends on 

the type of timber material. For solid timber, a larger safety factor is  required 

than for glulam or LVL because solid timber is  more variable in its proper-

ties. In addition the characteristic loadings provided by BS  EN  1991  must be 

increased by a safety factor which is larger for variable loads such as wind 

and snow than for permanent loads such as the weight of materials, since the 

former are known with less certainty.

d)  The use of load combination factors

In common with the other material Eurocodes, load combination factors are 

applied when two or more variable loads act simultaneously. This can result 

in signif cantly more work for the designer, especially when different load 

durations are involved. For a roof truss with instantaneous wind,  short- term 

snow, a  medium- term point load on the ceiling tie, a long- term storage load 

and a permanent dead load, the resulting number of combinations for which 

a design load must be calculated is 11 . And that is only for one possible posi-

tion of a person!

Table 5.4.  Designations of load duration (UK national  annex)

Designation Defi nition Examples of use

Permanent More than 1 0 years Self-weight

Long-term 6 months to 1 0 years Storage loading (e.g.  in  lofts) and water 

tanks

Medium-term 1  week to 6 months Imposed fl oor loading

Short-term Less than 1  week Snow,  maintenance or man on roof,  

residual  structure

Instantaneous Instantaneous Wind,  impact,  explosion

http://dx.doi.org/10.3403/BS5268
http://dx.doi.org/10.3403/BS5268
http://dx.doi.org/10.3403/BSEN1991
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e)  New symbols and material strength modif cation factors

In most cases Eurocode  5  uses the symbol f for a strength property and s for 

a stress. The symbol  u  is  used for deformation in general (def ection or slip), w  

is  used for def ection in particular, and W is  used for the section modulus 1 1 .  

Most symbols have suff xes to identify the particular property to which they 

relate, for example fc,0,k  is  the characteristic compression strength parallel 

to the grain. The former x- and  y- axes become y (major bending axis)  and 

z (minor bending axis)  respectively. The  x- axis is now measured along the 

length of a beam or column. The BS  5268  factors K2 and K5, which modif ed 

strength for service class and duration of loading, have been conf ned into a 

single factor, kmod, as illustrated in Table  5.5. A second factor, kef, is used to 

calculate creep deformation and joint slip, as shown in Table  5.6. The total 

number of material strength modif cation factors has been reduced from 59 

in BS  5268  to 21  in Eurocode  5.

f)  Def ections

In Eurocode  5  design, Emean  is  used for all def ection calculations, whereas in 

BS  5268  design Emin  ( the 5%  fractile value of the modulus of elasticity)  was 

used for beams and laterally loaded columns unless they formed part of a 

 load- sharing system.

Eurocode  0 ( the popular name for BS  EN  1990)  states that ‘the serviceability 

criteria should be specif ed for each project and agreed with the client’.  This 

gives a freedom of choice which can produce signif cant economies where 

relatively large def ections are tolerable, for example in the roof of a glulam 

sports hall.  In BS  5268  design, a def ection limit of 0.003L  (or the minimum 

of 0.003L  and 14  mm for domestic f oors)  under full load was more or less 

normative for everything.

Creep def ection can be signif cant in timber materials. For example, Table  5.6 

shows that in Service class  3  the total creep def ection during the 50  year 

design life of a solid timber beam is double its instantaneous elastic def ec-

tion under similar loading. Eurocode  5  suggests ranges of def ection limits for 

both instantaneous and f nal def ection. The Eurocodes do not require creep 

1  Since the symbol Z  remains undef ned in the Eurocode, British designers may choose to 

retain this for the section modulus.

http://dx.doi.org/10.3403/BS5268
http://dx.doi.org/10.3403/BS5268
http://dx.doi.org/10.3403/BS5268
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/BS5268
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Table 5.5.  Values for kmod

Material Service class Load duration class

Permanent Long Medium Short Instantaneous

Solid timber,  glulam,  LVL,  

plywood

1 .2

3

0.6

0.5

0.7

0.55

0.8

0.65

0.9

0.7

1 .1

0.9

OSB/3 1

2

0.4

0.3

0.5

0.4

0.7

0.55

0.9

0.7

1 .1

0.9

Values are also given for other types of OSB and for various types of particleboard and fi breboard.

Table 5.6.  Values for kdef

Material Service class

1 2 3

Solid  timber,  glulam,  LVL 0.6 0.8 2.00

Plywood,  type EN 636-1

Plywood,  type EN 636-2

Plywood,  type EN 636-3

0.8

0.8

0.8

–

1 .0

1 .0

–

–

2.5

OSB,  type EN 300-3 1 .5 2.25 –

Values are also given for other types of OSB and for various types of particleboard 

and fi breboard.

http://dx.doi.org/10.3403/01114007U
http://dx.doi.org/10.3403/01114007U
http://dx.doi.org/10.3403/01114061U
http://dx.doi.org/10.3403/01114061U
http://dx.doi.org/10.3403/01114073U
http://dx.doi.org/10.3403/01114073U
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def ection to be calculated because the agreed def ection limits could be based 

on instantaneous def ection, which is the only kind of def ection for which 

an appropriate limit relating to plasterboard cracking has been investigated 

experimentally in the UK. However, because the UK national annex gives 

recommended def ection limits only for f nal def ection, most designers will 

feel obliged to include creep in their def ection calculations. Final def ection 

is obviously more relevant for appearance considerations if no brittle f nishes 

are involved. The calculation of creep is important in the design of composite 

steel/timber components such as f itched beams, because as it progresses the 

timber becomes relatively less stiff, so the share of load taken by each material 

changes. Under BS  5268, the calculation of creep was optional, and indeed 

the elastic moduli tabulated for plywoods in BS  5258  already had creep taken 

into account.

g)  The differentiation between principles and application rules

The Eurocodes permit designers to use alternative application rules to those 

provided, provided that these conform to the relevant principles and produce 

equivalent levels of safety, serviceability and durability as those produced by 

the recommended application rules (BS  EN  1990 Clause  1 .4.5.) . However, 

regulatory bodies may require proof of such conformance, in which case it 

may be simpler to use the application rules provided by the Eurocodes.

h)  BS  EN  1995 is a theoretical design code

The theoretical nature of Eurocode  5  provides one of the major challenges to 

timber designers who are more familiar with BS  5268. Since it is  almost entirely 

 formula- based there are no tables of  pre- calculated fastener loads or permis-

sible trussed rafter spans, no bracing solutions for standard trussed rafter 

roofs and no masonry  wind- shielding factors for  timber- frame buildings. The 

formulae for connections are very complicated, making almost essential the 

use of dedicated spreadsheets or computer programs. Eurocode  5  provides no 

tables of properties for particular species of timber or types of plywood:  solid 

timber must be assigned to a strength class for which values are provided in 

a separate standard, BS  EN  338, and for plywood characteristic test values 

must be obtained from the manufacturer. No guidance is provided for the 

design of glued joints, for which values have to be obtained from tests.

http://dx.doi.org/10.3403/BS5268
http://dx.doi.org/10.3403/BS5258
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/BSEN1995
http://dx.doi.org/10.3403/BS5268
http://dx.doi.org/10.3403/00560918U
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Principal benef ts

The new code does, however, offer some signif cant benef ts:  

•  more consistent levels of reliability;

•  multinational companies will benef t by being able to use the same timber 

design code in many different countries both within and outside Europe, 

see [1 ] ;

•  using a similar design format to that used for other structural materials 

should help to make timber design more accessible, and make it easier for 

timber to be incorporated into structural analysis programs for steel and 

concrete;

•  the separation of ultimate and serviceability design states permits the use 

of more rational design limits

•  the separation of principles and application rules allows the engineer more 

freedom but requires more understanding on his or her part;

•  the direct use of characteristic test values simplif es the adoption of new 

timber materials and components;

•  the connection design formulae can cater for LVL, OSB and particleboard 

as well as for solid timber materials;

•  the dedicated timber bridge design code should encourage the use of 

timber in lightweight bridges;

•  the formulaic approach facilitates the development of spreadsheets and 

software.

Effects on the timber industry

Major changes in timber usage and specif cation are unlikely. However:

•  characteristic strength properties for panel products and components such 

as timber  I-  joists and metal hardware must now be obtained in accord-

ance with CEN  testing standards;

•  f oors may have to be a little stiffer ( i.e. more timber);

•  large roof structures without brittle f nishes may not require so much 

timber;

•  there will have to be yet more reliance on software for the design of trussed 

rafters, connections and timber frame walls.
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General guidance and publications

Various manuals and guidance documents have been published in the UK, and 

many of these are listed on the Eurocodes Expert website  [2]  under ‘Timber/

Publications’. Additionally BSI intends to preserve the guidance in BS  5268  

which would otherwise be lost by producing a new publication, PD  6693, 

Complementary information for use with Eurocode  5.  A design example is  

given in Annex  A. The Institution of Structural Engineers have published a 

manual for the design of timber building structures to Eurocode 5  [3] .

Summary

With supporting information, Eurocode  5  is  a workable design code that is  

particularly useful for multinational companies and the designers of larger 

engineering structures and bridges.

References

[1 ]  The Structural Engineer, 18  September 2007. The Civil Engineer Center for Integrating 

Information (www.thestructuralengineer.info)

[2]  http://www.eurocodes.co.uk

[3]  Manual for the design of timber building structures to Eurocode  5, The Institution of 

Structural Engineers/TRADA. December 2007

http://dx.doi.org/10.3403/BS5268
http://dx.doi.org/10.3403/PD6693
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Eurocode  6:  Design of masonry 
structures

Professor John Roberts,  Principal,  Technical Innovation Consultancy

Eurocode  6 (BS  EN  1996)  follows the general presentation of the material 

Eurocodes in that Part  1 -1  covers the design of plain and reinforced masonry 

whilst Part  1 -2 deals with structural f re design. There are two further parts, 

Part  2 which deals primarily with the selection of materials and execution of 

masonry and Part  3  which covers simplif ed calculation methods for unrein-

forced masonry structures.

Eurocode  6 has been developed to enable the designer to use the following types 

of masonry unit:  clay, calcium silicate, aggregate concrete, autoclaved aerated 

concrete (Aircrete), manufactured stone and natural stone. European Standards 

for these materials have now been published by BSI and form part of an array 

of standards relating to masonry produced under the auspices of CEN  TC  125.

Eurocode  6 therefore comprises the following parts:

•  EN  1996-1-1 , Common rules for reinforced and unreinforced masonry 

structures;

•  EN  1996-1-2, Structural f re design;

•  EN  1996-2, Design, selection of materials and execution of masonry;

•  EN  1996-3, Simplif ed calculation methods;

Each Part has a corresponding national annex.

The standards supporting Eurocode  6 were developed within a common 

framework but it has not proved possible to standardize all the test methods 

used by the different materials. Words like ‘brick’  and ‘block’  have disap-

peared from the European vocabulary and they are all referred to as masonry 

units.  Well- established products such as Engineering bricks now need to be 

specif ed by their performance requirements.

http://dx.doi.org/10.3403/BSEN1996
http://dx.doi.org/10.3403/30092858U
http://dx.doi.org/10.3403/30116737U
http://dx.doi.org/10.3403/30109129U
http://dx.doi.org/10.3403/30047515U
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The standards supporting the use of masonry in Eurocode  6 were introduced 

by BSI and required, as an interim measure, the updating of the three Parts 

of BS  5628  to accommodate the revised material standards and test methods. 

These new Parts of BS  5628  were published at the end of 2005, two of the key 

factors that changed being:

•  the six new masonry unit standards each introduced new methods for 

determining the compressive strength of masonry units;

•  the method of determining the characteristic compressive strength of 

masonry changed from testing storey height panels to much smaller 

masonry wallette specimens.

Ancillary components are now dealt with in a more coherent way and suitable 

values of partial safety factors have been introduced. The partial safety factors 

for use with masonry are given in National Annex Table  NA.1  and shown here 

in Table  6.1 . Two levels of attestation of conformity are recognized, category  I 

and category  II, and this will be declared by the manufacturer of the masonry 

units. Two classes of execution control are recognized, 1  and 2.

BS  5628  was the f rst limit state design code for masonry in the world and UK 

designers are very familiar with the principles which have now been encap-

sulated in Eurocode  6. There are, however, a few major changes which UK 

designers will need to become familiar with.

During the drafting of Eurocode  6, a way had to be found to deal with 

the wide range of masonry units used across Europe. This range not only 

includes different material such as clay, concrete and stone, but also a variety 

of conf gurations based upon the proportion and direction of any holes or 

perforations, web thickness etc. This has resulted in four grouping of masonry 

units according to the percentage size and orientation of holes in the units 

when laid. Historically the UK only has experience of Group  1  and Group  2 

masonry units and therefore has no national database on which to base struc-

tural performance. In the UK national annex, therefore, information is only 

provided for Group  1  and Group  2 units and properties for other Groups 

would normally need to be established by testing.

Two levels of quality assurance for the manufacture of masonry units have 

been retained in the UK. These are now described as follows.

•  Category  I masonry units which have a declared compressive strength 

with a probability of failure to reach it not exceeding 5%.

•  Category  II masonry units which are not intended to comply with the level 

of conf dence of Category  I units.

http://dx.doi.org/10.3403/BS5628
http://dx.doi.org/10.3403/BS5628
http://dx.doi.org/10.3403/BS5628


The essential guide to Eurocodes transition

140

The characteristic compressive strength of masonry is no longer presented 

in the form of tables but as an equation. This equation includes the normal-

ized strength of the masonry and the strength of the mortar. The normal-

ized strength is new to the UK and relates the compressive strength of the 

unit determined by test to a standardized shape and moisture content. The 

normalized compressive strength is the compressive strength of the units 

converted to the air dried compressive strength of an equivalent 100  mm wide 

by 100  mm high masonry unit. The detail is  contained in the test methods for 

Table 6.1 .  Value of partial  safety factors for materials for ultimate limit states

gM

Class of execution control: 1 A) 2A)

Material

Masonry

When in  a state of direct or fl exural  compression

 Unreinforced masonry made with:

  units of category I 2.3B) 2.7B)

  units of category I I 2.6B) 3.0B)

 Reinforced masonry made with:

  units of category I 2.0B)  C)

  units of category I I 2.3B)  C)

When in  a state of fl exural  tension

  units of category I  and I I 2.3B) 2.7B)

When in  a state of shear

 Unreinforced masonry made with:

  units of category I  and I I 2.5B) 2.5B)

 Reinforced masonry made with:

  units of category I  and I I 2.0B) C)

Steel and other components

Anchorage of reinforcing steel 1 .5D) C)

Reinforcing steel  and prestressing steel 1 .1 5D) C)

Ancil lary components – wall  ties 3.5B) 3.5B)

Ancil lary components – straps 1 .5E) 1 .5E)

Lintels in  accordance with  EN 845-2 See national  

annex to 

BS EN 845-2

See national  

annex to 

BS EN 845-2

Refer to the UK National  Annex Table NA.1  for details of the footnotes.

http://dx.doi.org/10.3403/02890453U
http://dx.doi.org/10.3403/02890453U
http://dx.doi.org/10.3403/02890453U
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masonry units in accordance with EN  772-1 . The advantage to the designer is  

that the normalized strength is independent of the size of the units used in the 

f nal construction thereby obviating the need for recalculation.

The characteristic compressive strength of masonry (other than shell 

bedded masonry)  is  determined from the results of tests in accordance with 

EN  1052-1 . The tests are carried out on small wallette specimens rather than 

the storey height panels used in BS  5628. The designer has the option of either 

having the units intended to be used in a project tested or to use the values 

determined from the UK national database. The latter values are provided in 

the UK national annex in the form of the constants to be used in the following 

equation:

fk  =  K fb
afm

b [Equation (3.1 )  of BS  EN  1996]

where

fk  is the characteristic compressive strength of the masonry, in N/mm2

K  is  a constant

a, b are constants

fb  is  the normalized mean compressive strength of the units, in the direc-

tion of the applied action effect, in N/mm2

fm  is  the compressive strength of the mortar, in N/mm2

Values of K  to be used with equation  3.1  are provided in the UK National 

Annex to BS  EN  1996-1-1  (Table  NA.4)  and are shown in Table  6.2.

The value of K  is  reduced when a mortar joint runs continuously or inter-

mittently through the masonry at right angles to the cross joints. Note that 

for blocks laid f at the table contains a specif c value for K  to be used in 

equation  3 .1 .

Values of a, b for use with equation  3.1  are shown in Table  6.3.

There are a number of limitations placed on equation  3 .1  which are detailed 

in the UK national annex.

The designation of mortars has also changed with the need for a declaration 

based on strength rather than mix proportions. Thus an M12 mortar may 

be expected to have a strength of 12 N/mm2.  Equivalent mixes are shown in 

National Annex Table  NA.2 and are shown in Table  6.4.

http://dx.doi.org/10.3403/01784906U
http://dx.doi.org/10.3403/01538196U
http://dx.doi.org/10.3403/BS5628
http://dx.doi.org/10.3403/BSEN1996
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2 Table 6.2.  Values of K to be used with equation 3.1

Masonry unit General purpose 

mortar

Thin layer mortar 

(bed joint ≥  0.5 mm 

and £  3 mm)

Lightweight mortar of density

600 £  rd  £  800 kg/m
3 800 < rd  £  1 300 kg/m

3

Clay Group 1 0.50 0.75 0.30 0.40

Group 2 0.40 0.70 0.25 0.30

Group 3 A) A) A) A)

Group 4 A) A) A) A)

Calcium si l icate Group 1 0.50 0.80 B) B)

Group 2 0.40 0.70 B) B)

Aggregate concrete Group 1  0.55 0.80 0.45 0.45

Group 1 C) 

(units laid  fl at)

0.50 0.70 0.40 0.40

Group 2 0.52 0.76 0.45 0.45

Group 3 A) A) A) A)

Group 4 A) A) A) A)

Autoclaved aerated 

concrete

Group 1 0.55 0.80 0.45 0.45

Manufactured stone Group 1 0.45 0.75 B) B)

Dimensioned natural  

stone

Group 1 0.45 B) B) B)

A) Group 3 and 4 units have not traditionally been used in  the UK,  so no values are available.
B) These masonry unit and mortar combinations have not traditionally been used in  the UK,  so no values are available.
C) I f Group 1  aggregate concrete units contain  formed vertical  voids,  multiply K by (1 00 – n)  /1 00,  where  n  is the percentage of voids,  

maximum 25%.
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Table 6.4.  Acceptable assumed equivalent mixes for prescribed masonry mortars

Compressive 

strength classA)
Prescribed mortars (proportion of materials by volume) (see Note) Mortar 

designationCementB):  l ime: sand 

with or without air 

entrainment

CementB):  sand 

with or without air 

entrainment

Masonry cementC):  

sand

Masonry cementD):  

sand

M1 2

M6

M4

M2

1 :0 to ¼:3

1 :½:4 to 4½

1 :1 :5 to 6

1 :2:8 to 9

1 :3

1 :3 to 4

1 :5 to 6

1 :7 to 8

Not suitable

1 :2½ to 3½

1 :4 to 5

1 :5½ to 6½

Not suitable

1 :3

1 :3½ to 4

1 :4½

(i)

(i i )

(i i i )

(iv)

A) The number following ‘M’  is the compressive strength at 28 days in  N/mm2.
B) Cement or combinations of cement in  accordance with NA.2.3.2,Except masonry cements.
C) Masonry cement in  accordance with NA.2.3.2,  (inorganic fi l ler other than l ime).
D) Masonry cement in  accordance with NA.2.3.2  (l ime).

NOTE When the sand portion is given as,  for example,  5 to 6,  the lower fi gure should be used with sands containing a higher 

proportion of fi nes whilst the higher fi gure should be used with  sands containing a lower proportion of fi nes.

Table 6.3.  Values to be used in equation 3.1

Type of mortar Values to be used

General  purpose mortar a =  0.7 and b =  0.3

Lightweight mortar a =  0.7 and b =  0.3

Thin layer mortar in  bed joints of thickness 0.5 mm to 3 mm.

Using clay units of Group 1 ,  calcium sil icate units,  aggregate 

concrete units and autoclaved aerated concrete units

a =  0.85 and b =  0

Thin  layer mortar in  bed joints of thickness 0.5 mm to 3 mm.

Using clay units of Group 2

a =  0.7 and b =  0
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A further area of change for vertical load relates to the treatment of eccen-

tricity where a frame analysis approach is implied rather than the BS  5628  

approach of assuming that any eccentricity at the top of the wall reduces to 

zero at the bottom of the wall. The use of a frame analysis will not usually be 

justif ed given typical UK construction practice and it is  still acceptable to use 

the BS  5628  approach. The concept of an initial eccentricity to allow for any 

inaccuracies in the construction of the masonry is also introduced.

The effective height of a masonry wall is  obtained by applying a factor to the 

clear height of the wall such that:

hef =  rnh

where

hef is the effective height of the wall

h is the clear storey height of the wall

rn is a reduction factor, where n   =  2, 3  or 4, depending upon the edge 

restraint or stiffening of the wall. The reduction factor to be applied 

depends upon the restraint offered by adjoining elements but UK 

designers will f nd that the reductions obtained are similar to BS  5628.

The value for the minimum thickness, tmin, of a  load- bearing wall should be 

taken as 90  mm for a single leaf wall and 75  mm for the leaves of a cavity 

wall.  For a single  leaf- wall, a  double- leaf wall, a faced wall, a  shell- bedded 

wall and a grouted cavity wall the effective thickness (tef)  is  taken as the actual 

thickness of the wall (t) .

When a wall is  stiffened by piers, the effective thickness is enhanced using 

similar factors to those contained in BS  5628.

For a cavity wall the effective thickness in the UK is determined using the 

following equation:

= +3 33
ef 1 2t t t

where

t1  is the effective thickness of the of the outer or unloaded leaf

t2 is the effective thickness of the of the inner or loaded leaf

Note that the effective thickness of the unloaded leaf should not be taken 

to be greater than the thickness of the loaded leaf and that ties should be 

provided at 2.5  per m2.

http://dx.doi.org/10.3403/BS5628
http://dx.doi.org/10.3403/BS5628
http://dx.doi.org/10.3403/BS5628
http://dx.doi.org/10.3403/BS5628
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The slenderness ratio of the wall is  obtained by dividing the effective height by 

the effective thickness and should not be greater than 27 for walls subjected 

to mainly vertical loading.

When a wall is  subjected to vertical loads which result in an eccentricity at 

right angles to the wall, Eurocode  6 requires the resistance of the wall to be 

checked at the top,  mid- height and bottom. The eccentricity of the wall at the 

top and bottom includes an initial eccentricity, einit, for construction imperfec-

tions as well as ehe, the eccentricity at the top or bottom of the wall, resulting 

from the applied loads.

Hence:

= + + ≥id
i he init

id

0.05
M

e e e t
N

where:

Mid  is  the design value of the bending moment at the top or the bottom of 

the wall resulting from eccentricity of the f oor load at the support

Nid  is  the design value of the vertical load at the top or the bottom of the 

wall.

The eccentricity at the mid-height of the wall, emk, includes the initial eccen-

tricity, einit, the lateral load eccentricity, ehm, and the load eccentricity, em.  In 

the UK, creep eccentricity, ek,  is ignored if the slenderness ratio is  not greater 

than 27. einit  may be taken as hef/450.

The mid-height eccentricity, emk,  is:

= +mk m ke e e

which must be greater or equal to 0.05t

= + +md
m hm i

md

M
e e e

N

where:

Mmd  is  the design value of the greatest moment at the middle height of the 

wall resulting from the moments at the top and bottom of the wall, 

including any load applied eccentrically to the face of the wall.

Nmd is the design value of the vertical load at the middle height of the wall, 

including any load applied eccentrically to the face of the wall.
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At the top or bottom of the wall the reduction factor for slenderness and 

eccentricity is  given by:

F = - i
i 1 2

e

t

where:

Fi  is  the reduction factor at the top or bottom of the wall

ei  is  the eccentricity at the top or bottom of the wall

t is the thickness of the wall

In the middle of the wall the capacity reduction factor may be determined by 

using either the equation or the graph given in Annex  G of BS  EN  1996-1 -1 . 

The value of the modulus of elasticity to be taken in the UK is 1000fk.

The design resistance of a single leaf wall per unit length, NRd, is  given by the 

following:

F=Rd dN tf

where:

F is  a capacity reduction factor allowing for the effects of slenderness 

and eccentricity of loading (the least favourable value obtained for the 

top and bottom and  mid- height) .

t is the thickness of the wall

fd is the design compressive strength of the masonry

For sections of small plan area, less than 0.1  m2, fd  should be multiplied by

0.7  +   3A

where

A  is  the  load- bearing horizontal  cross- sectional area of the wall in m2.

Concentrated loads are dealt with by a calculation approach rather than 

the use of the bearing types shown in BS  5628. The Eurocode uses a more 

conservative dispersion angle of 60°.

For a Group  1  unit (not shell bedded)  the vertical load resistance is given by:

NRdc   =  bAbfd

where:

http://dx.doi.org/10.3403/30092858U
http://dx.doi.org/10.3403/BS5628
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b
Ê ˆ Ê ˆ

= + -Á ˜ Á ˜Ë ¯ Ë ¯
1 b

c ef

1 0.3 1 .5 1 .1
a A

h A
 (where Ab/Aef is  not to be taken as greater 

than 0.45)

which should not be less than 1 .0 nor taken to be greater than:

+ 1

c

1 .25
2

a

h
 or 1 .5  (whichever is  the lesser)

where:

b is  an enhancement factor for load

a1  is the distance from the end of the wall to the nearer edge of the loaded 

area

hc is the height of the wall to the level of the load

Ab is the loaded area

Aef is the effective area of the bearing lefmt

lefm is the effective length of the bearing as determined at the mid-height of 

the wall or pier

t is the thickness of the wall, taking into account the depth of recesses in 

joints greater than 5   mm.

For walls built with Groups  2, 3  and 4 masonry units and when shell bedding 

is used it is necessary to check that, locally under the bearing of a concen-

trated load, the design compressive stress does not exceed the design compres-

sive strength of the masonry, fd ( i.e.  b is  taken to be 1 .0) .

In any case the eccentricity of the load from the centre line of the wall should 

not be greater than t/4.

Eurocode  6 offers two approaches to the design of laterally loaded panels. 

The f rst method relies on the f exural strength of the masonry and makes use 

of yield line analysis. The second method is an approach based on arching 

and the assumption of a  three- pinned arch being formed within the wall.

The f exural strength approach is the most widely used and does not depend 

upon rigid supports to resist arch thrust. In the UK the reliance on the devel-

opment of tensile strength in the masonry has meant that this design approach 

has usually been limited to transitory loads only. Eurocode  6 indicates that 

the f exural strength of masonry should not be used in the design of walls 

subjected to lateral earth pressure.

The characteristic shear strength of masonry is a function of the character-

istic initial shear strength of the masonry and the design compressive stress 
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orthogonal to the shear plane being considered. The values of the initial shear 

strength of masonry are given in Table  NA.5 and shown in Table  6.5.

The characteristic shear strength is given by the following relationships:

fvk   =  fvko   +  0.4sd   but not greater than 0.065fb for  fully- f lled mortar joints

fvk   =  0.5fvko   +  0.4sd  but not greater than 0.045fb  for unf lled perpend joints

where:

fvk is the characteristic shear strength of masonry

fvko is the characteristic initial shear strength of masonry, under zero 

compressive stress

sd is the design compressive stress perpendicular to the shear in the 

member at the level under consideration, using the appropriate load 

combination based on the average vertical stress over the compressed 

part of the wall that is  providing shear resistance

fb is the normalized compressive strength of the masonry units (as 

described in clause 3.1 .2.1  of BS  EN  1996-1-1 )  for the direction of 

application of the load on the test specimens being perpendicular to the 

bed face.

BS  EN  1996-1-1  contains a limited amount of information relating to the 

design of reinforced masonry and no detailed information on the design of 

prestressed masonry. The clauses relating to reinforced masonry contain infor-

mation similar to that provided in BS  5628-2 and Annex  J permits enhance-

ment to shear based on BS  5628-2. However, it does not provide the coherent 

design thread provided by BS  5628-2.

BS  EN  1996-1 -2 provides information on the passive f re resistance of 

masonry walls so that the designer can ensure that the  load- bearing perform-

ance is maintained for the necessary period of time and that the f re is appro-

priately contained.

Fire design largely remains in the form of tables similar to those contained 

in BS  5628-3. The f re resistance of a  load- bearing wall now comprises two 

values depending upon how highly loaded the wall is and is further enhanced 

if the wall is  plastered. Most designers will f nd that the tabulated data

covers most situations but there is  also the provision for testing. The tables 

cover  load- bearing and non- load- bearing walls, single leaf, cavity and

separating walls.

http://dx.doi.org/10.3403/30092858U
http://dx.doi.org/10.3403/30092858U
http://dx.doi.org/10.3403/00112846U
http://dx.doi.org/10.3403/00112846U
http://dx.doi.org/10.3403/00112846U
http://dx.doi.org/10.3403/30116737U
http://dx.doi.org/10.3403/00068165U
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Table 6.5.  Values of the initial  shear strength of masonry,  fvko

Masonry units Strength class of 

general purpose 

mortar

 fvko  (N/mm2)

General  purpose 

mortar

Thin layer mortar 

(bed joint £  0.5 mm 

and ≥  3 mm)

Lightweight 

mortar

Clay M1 2 0.30 0.30 0.1 5

M4 and M6 0.20

M2 0.1 0

Calcium sil icate M1 2 0.20  0.40 0.1 5

M4 and M6 0.1 5

M2 0.1 0

Aggregate concrete,  autoclaved aerated 

concrete,  manufactured stone and 

dimensioned natural  stone

M1 2 0.20 0.30 0.1 5

M4 and M6 0.1 5

M2 0.1 0
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BS  EN  1996-2 gives basic rules for the selection of materials and execution 

to enable it to comply with the other parts of BS  EN  1996. It deals with the 

following aspects:

•  the selection of masonry materials;  

•  factors affecting the performance and durability of masonry;

•  resistance of buildings to moisture penetration;

•  storage, preparation and use of materials on site;

•  the execution of masonry;

•  masonry protection during execution.

The micro conditions of exposure to which completed masonry is subjected 

are divided into f ve main classes, namely:

•  MX1  –  in a dry environment;

•  MX2 –  exposed to moisture or wetting;

•  MX3  –  exposed to moisture or wetting plus freeze/thaw cycling;

•  MX4 –  exposed to saturated salt air or seawater;

•  MX5 –  in an aggressive chemical environment.

BS  EN  998-2 def nes the durability classes for mortar. These may be expressed 

as follows:

•  P –  mortar for use in masonry subjected to passive exposure;

•  M –  mortar for use in masonry subjected to moderate exposure;

•  S –  mortar for use in masonry subjected to severe exposure.

These designations may also be used for  site- made mortar but they are not 

usable until the def nitions are clarif ed in PD  6697.

The information contained in BS  EN  1996-2 is not nearly as extensive as 

that contained in BS  5628-3. The key parts of BS  5628-3  not covered by the 

Eurocode will be published by BSI in PD  6697.

BS  EN  1996-3  deals with simplif ed calculation methods for unreinforced 

masonry but it is not anticipated that this will be widely used in the UK where 

other guidance, for example Approved Document  A [1 ]  of the Building Regula-

tions for England and Wales, is likely to produce more cost effective outcomes.

Reference

[1 ]  Approved Document A, The Building Regulations England and Wales.

http://dx.doi.org/10.3403/30109129U
http://dx.doi.org/10.3403/BSEN1996
http://dx.doi.org/10.3403/02918906U
http://dx.doi.org/10.3403/30168897U
http://dx.doi.org/10.3403/30109129U
http://dx.doi.org/10.3403/00068165U
http://dx.doi.org/10.3403/00068165U
http://dx.doi.org/10.3403/30168897U
http://dx.doi.org/10.3403/30047515U
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Eurocode 7:  Geotechnical design

Andrew Harris,  Director,  and Dr Andrew Bond, Director,

Geomantix Ltd.

Overview

Eurocode 7 covers geotechnical design and is provided in two parts:  Part  1   –  

General rules (BS  EN  1997-1 )  and Part  2  – Ground investigation and testing 

(BS  EN  1997-2).

Part  1  is divided into twelve clauses and nine annexes, as shown in Figure 

7.1 . In this diagram, the size of each segment of the pie is  proportional to the 

number of paragraphs in the relevant section.

Part  1  provides a general framework for geotechnical design, def nition of 

ground parameters, characteristic and design values, general rules for site 

Figure 7.1 .  Contents of Eurocode 7 Part 1  (Bond and Harris 2008)

http://dx.doi.org/10.3403/03181153U
http://dx.doi.org/10.3403/30047536U
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investigation, rules for the design of the main types of geotechnical structures, 

and some assumptions on execution procedures.

Part  2 is  divided into six sections and  twenty- four annexes, as illustrated in 

Figure 7.2.

Part  2  provides detailed rules for site investigations, general test specif ca-

tions, derivations of ground properties and the geotechnical model of the 

site, and examples of calculation methods based on f eld and laboratory 

testing.

Eurocode 7 Part  1  General rules

Table  7.1  shows both the common (white background)  and different (grey)  

 sub- section headings in clauses  6–9 and 11–12 of EN  1997-1 , dealing with 

the rules for geotechnical structures  – each present the information in a 

different manner ref ecting the authorship of these sections. This difference 

in authorship has led to inconsistencies in the  sub- section headings for each 

geotechnical structure and to the associated level of detail. For example, 6.5  

for spread foundations provides a relatively short section on ultimate limit 

state design with no illustrations, whereas this topic is covered in detail in 9.7 

for retaining structures with a large number of diagrams.

Figure 7.2.  Contents of Eurocode 7 Part 2 (Bond and Harris 2008)

http://dx.doi.org/10.3403/03181153U
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Table 7.1 .  Common and different  sub- section headings in EN 1 997-1

Sub-section1 ) Common to 

clauses 6–9,  1 1  

and 1 2

Clause 6 Spread 

foundations

Clause 8 

Anchorages

Clause 7 Pile 

foundations

Clause 9 Retaining 

structures

§x.1 General

§x.2 Limit states

§x.3 Actions,  geometrical  data,  and design situations (or variations on this title)

§x.4 Design methods and construction considerations (or variations on this title)

§x.5 Ultimate l imit state design Pile load tests

§x.6 Serviceabil ity l imit state design Axially loaded 

piles

Water pressures

§x.7 Supervision and 

monitoring

Foundations 

on rock;  

additional  design 

considerations

Suitabil ity tests Transversely 

loaded piles

Ultimate l imit state design

§x.8 – Structural  

design of spread 

foundations

Acceptance tests Structural  design 

of pi les

Serviceabil ity l imit state design

§x.9 – Supervision and monitoring (or variations on this title) (missing)

1 ) The symbol  ‘§x’  is meant to be used interchangeably to represent clause numbers 6 to 9,  1 1  and 1 2.

http://dx.doi.org/10.3403/03181153U
http://dx.doi.org/10.3403/03181153U
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Design requirements

Perhaps the most signif cant requirement of Eurocode  7 is the following 

commitment to limit state design:  ‘For each geotechnical design situation it shall

be verif ed that no relevant limit state  …  is exceeded.’  [EN  1997-1  2.1 (1 )P]

For many geotechnical engineers across Europe, this represents a major change 

in design philosophy. Traditional geotechnical design, using lumped factors of 

safety, has proved satisfactory over many decades and much experience has 

been built on such methods. However, the use of a single factor to account for 

all uncertainties in the analysis  – although convenient  – does not provide a 

proper control of different levels of uncertainty in various parts of the calcu-

lation. A limit state approach forces designers to think more rigorously about 

possible modes of failure and those parts of the calculation process where 

there is  most uncertainty. This should lead to more rational levels of reliability 

for the whole structure. The partial factors in Eurocode  7 have been chosen to 

give similar designs to those obtained using lumped factors  – thereby ensuring 

that the wealth of previous experience is not lost by the introduction of a 

radically different design methodology.

Limit state philosophy has been used for many years in the design of structures 

made of steel, concrete and timber. Where these structures met the ground 

was, in the past, a source of analytical diff culties. The Eurocodes present a 

unif ed approach to all structural materials and should lead to less confusion 

and fewer errors when considering  soil– structure interaction.

Complexity of design

A welcome requirement of Eurocode  7 is the mandatory assessment of risk for 

all design situations:  ‘the complexity of each geotechnical design shall be iden-

tif ed together with the associated risks  …  a distinction shall be made between 

light and simple structures and small earthworks  …  with negligible risk [and]  

other geotechnical structures.’  [EN  1997-1  2.1 (8)P]

The idea here is  that when negligible risk is involved, the design may be based 

on past experience and qualitative geotechnical investigations. In all other 

cases, quantitative investigations are required. There are many schemes for 

assessing risk that may be used in conjunction with a Eurocode  7 design. 

For example, the approach outlined in the UK Highways Agency’s docu-

ment HD22/023  requires designers to identify possible hazards for a project 

http://dx.doi.org/10.3403/03181153U
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or operation within that project. Such risk assessments clearly satisfy the 

requirements of Eurocode  7 to identify the complexity and risks of geotech-

nical design.

Geotechnical categories

To assist geotechnical engineers in classifying risk, Eurocode  7 introduces 

three geotechnical categories, their design requirements, and the design proce-

dure they imply  – as summarized in Table  7.2. The geotechnical categories are 

def ned in a series of application rules, not principles, and hence alternative 

methods of assessing geotechnical risk could be used.

The design requirements and procedure for GC3  warrant comment, since it is  

not immediately clear what ‘include alternative provisions and rules’  means. 

Eurocode  7 does not say ‘use alternative principles and rules’  (even though 

the word ‘provisions’  could be taken to include the principles) . It is  considered 

that designs for GC3  structures should follow the principles of Eurocode  7, 

but the application rules provided in the standard may not be suff cient on 

their own to satisfy those principles. Hence alternative (and/or additional)  

rules may be required.

It is  not necessary to classify all parts of a project in one geotechnical cate-

gory. Indeed, many projects will comprise a mixture of GC1  and GC2 (and in 

some cases GC3)  elements.

Eurocode  7 gives examples of structures in the three geotechnical categories, 

as shown in Table  7.2. A structure’s geotechnical category inf uences the level 

of supervision and monitoring called for in Section  4 of EN  1997-1 .

Structures in GC1  can safely be designed and built based on past experience, 

because they involve no unusual features or circumstances. The examples in 

GC2 form the bread and butter work of many geotechnical design off ces, 

requiring thoughtful but not unusual design and construction. However, the 

design of structures in GC3  requires careful thought because of their excep-

tional nature;  the keywords are ‘large or unusual’, ‘abnormal or exceptionally 

diff cult’, ‘highly seismic’, ‘probable instability’, etc.

http://dx.doi.org/10.3403/03181153U
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Table 7.2.  Geotechnical  categories and their requirements

GC Includes … Design 

requirements

Design procedure

1 Small  and relatively 

simple structures …  

with negligible risk

Negligible risk of 

instabil ity or ground 

movements;  ground 

conditions are 

‘straightforward’ ;  no 

excavation below 

water table (or 

such excavation is 

‘straightforward’)

Routine design and 

construction (i .e.  

execution) methods

No examples given in  EN 1 997-1 .

Investigation requirements:  normally l imited (local  knowledge and experience 

often suffi cient)

2 Conventional  types 

of structure and 

foundation with no 

exceptional  risk or 

diffi cult soi l  or loading 

conditions

Quantitative 

geotechnical  data 

and analysis to 

ensure fundamental  

requirements are 

satisfi ed

Routine fi eld  and lab 

testing 

Routine design and 

execution

Examples:  spread,  raft and pile foundations;  walls and other structures 

retaining or supporting soil  or water;  excavations;  bridge piers and abutments;  

embankments and earthworks;  ground anchors and other tie-back systems;  

tunnels in  hard,  non-fractured rock,  not subject to special  water-tightness or 

other requirements

Investigation requirements:  provisions of EN 1 997-2 apply

3 Structures or parts 

of structures not 

covered above

Include alternative provisions and rules to 

those in  Eurocode 7

Examples:  very large or unusual  structures;  structures involving abnormal  

risks or unusual  or exceptionally diffi cult ground or loading conditions;  

structures in  highly seismic areas;  structures in  areas of probable site instabil ity 

or persistent ground movements that require separate investigation or special  

measures

Investigation requirements:  number of investigations at least the same as for 

Category 2  projects.  The circumstances that place a project in  Category 3 may 

necessitate additional  investigations and more advanced tests

http://dx.doi.org/10.3403/03181153U
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Limit states

When designing a geotechnical structure, the engineer needs to identify the 

possible ultimate and serviceability limit states that are likely to affect the 

structure. Ultimate limit states are those that will lead to failure of the ground 

or the structure;  serviceability limit states are those that result in unaccept-

able levels of deformation, vibration, noise, or f ow of water or contaminants.

Eurocode  7 identif es f ve categories of ultimate limit states for which 

different sets of partial factors are provided:  failure or excessive deformation 

in the ground (GEO); internal failure or excessive deformation of the struc-

ture (STR);  loss of static equilibrium (EQU); loss of equilibrium or excessive 

deformation due to uplift (UPL);  hydraulic heave, piping and erosion (HYD).

The following ultimate limit states should be checked for all geotechnical 

structures:  loss of overall stability (of the ground and/or associated struc-

tures) ;  combined failure in the ground and structure;  and structural failure due 

to excessive ground movement. For serviceability limit states the following 

should be checked:  excessive settlement;  excessive heave;  and unacceptable 

vibrations.

Verif cation of the serviceability limit state is  a key requirement of a Eurocode  7 

design, which does not explicitly feature in more traditional approaches. 

In traditional design it is  assumed in many calculation procedures that the 

lumped factor of safety provides not only safety against failure but also will 

limit deformations to tolerable levels. For example, it is  common to adopt 

factors of safety against bearing failure of shallow foundations in excess of 

3 .0. This is  far greater than needed to ensure suff cient reserve against failure. 

Eurocode  7 generally requires a specif c check that serviceability limits are 

met and thus serviceability requirements are more likely to be the governing 

factor for many settlement sensitive projects.

Design situations

Design situations have a key role to play in the selection of actions to include 

in design calculations and in the choice of partial factors to apply to both 

actions and material properties. Design situations are:  ‘Sets of physical 

conditions representing the real conditions occurring during a certain time 

interval for which the design will demonstrate that relevant limit states are 

not exceeded.’  [EN  1990 1 .5.2.2]

http://dx.doi.org/10.3403/03202162U
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Eurocode  7 requires consideration of both short- and  long- term design situ-

ations, to ref ect the sometimes vastly different resistances obtained from 

drained and undrained soils. At f rst sight, the requirements of EN  1997-1  

appear to cut across those of EN  1990. However, it is  not diff cult to combine 

these ideas to cater for common geotechnical problems (see Table  7.3) .

Geotechnical actions

EN  1997-1  lists twenty different types of action that should be included in 

geotechnical design. These include obvious things, such as the weight of soil, 

rock and water;  earth pressures and  ground- water pressures;  and removal 

of load or excavation of ground  – and less obvious things, such as move-

ments caused by caving;  swelling and shrinkage caused by climate change;  

and temperature effects, including frost action.

Distinction between favourable and unfavourable actions

The Eurocodes make an important distinction between favourable (or stabi-

lizing)  and unfavourable (destabilizing)  actions, which is ref ected in the 

Table 7.3.  Common geotechnical  problems

Design 

situation

Real 

conditions

Term Example

Persistent Normal Long Buildings and bridges founded on 

coarse soils and fully-drained fi ne 

soils

Short Partially-drained slope in  fi ne soils 

(with DWL less than 25 years)

Transient Temporary Long Temporary works in  coarse soi ls

Short Temporary works in  fi ne soils

Accidental Exceptional Long Buildings and bridges founded on 

coarse soils and quick-draining fi ne 

soils

Seismic Short Buildings and bridges founded on 

slow-draining fi ne soils

http://dx.doi.org/10.3403/03181153U
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/03181153U


Eurocode 7: Geotechnical design

159

values of the partial factors gF  applied to each type of action. Unfavourable/

destabilizing actions are typically increased by the partial factor ( i.e. gF   >   1 )  

and stabilizing actions are decreased or left unchanged ( i.e. gF   £   1 ) .

Consider the design of the  T- shaped gravity retaining wall shown in Figure 

7.3. To provide suff cient reliability against bearing capacity failure, the 

 self- weight of the wall and the soil on top of its heel (W)  should be treated as 

unfavourable (since they increase the effective stress beneath the wall base)   – 

but as favourable for sliding and overturning. The imposed surcharge q  is  

unfavourable for bearing, sliding and overturning where it acts to the right of 

the virtual plane shown in Figure 7.3. But where it extends to the left of the 

virtual plane, it has the same effect as the wall’s  self- weight W.

Consider next the vertical and horizontal thrusts Uv  and Uh  owing to ground 

water pressure acting on the wall’s boundaries. The horizontal thrust Uh  is  

unfavourable for bearing, sliding and overturning, whereas the vertical thrust 

Uv  is  favourable for bearing (since it helps to counteract W) , but unfavour-

able for sliding (reducing the effective stress beneath the wall base)  and over-

turning (since it increases the anticlockwise overturning moment about ‘O’) .

But it is  illogical to treat an action as both favourable and unfavourable in 

the same calculation. Eurocode  7 deals with this issue in what has become 

Figure 7.3.  Examples of favourable and unfavourable actions (Bond and 

Harris 2008)
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known as the  ‘Single- Source Principle’:  ‘Unfavourable (or destabilizing)  and

favourable (or stabilizing)  permanent actions may in some situations be 

considered as coming from a single source. If  …  so, a single partial factor 

may be applied to the sum of these actions or to the sum of their effects.’  

[EN  1997-1  2.4.2(9)P NOTE]

This note allows the thrusts Uh  and Uv  to be treated in the same way  – either 

both unfavourable or both favourable, whichever gives the more onerous 

design condition.

The  Single- Source Principle has a profound effect on the outcome of some 

very common design situations. It also precludes the use of submerged weights 

in design calculations since, by replacing the gross weight W and water thrust 

Uv  in Figure 7.3  by the submerged weight W¢   =  W  – Uv, the choice is  implicitly 

made to treat both the  self- weight and the water thrust in the same way.

Geotechnical design

Driscoll et al (2007)  [1 ]  state that:

The Eurocodes adopt,  for all civil and building engineering materials 

and structures,  a common design philosophy based on the use of sepa-

rate limit states and partial factors,  rather than ‘global’ factors (of 

safety);  this is a substantial departure from much traditional geotech-

nical design practice  …  an advantage of BS  EN  1 997-1  is that its 

design methodology is largely identical with that for all of the struc-

tural Eurocodes,  making the integration of geotechnical design with 

structural design more rational.

The basic requirements of design are that for ultimate limit states the design 

effect of the actions, Ed, must less than or equal to the design resistance,   Rd

Ed  £  Rd

and for serviceability limit states that the design effect of the actions, Ed, must 

be less than or equal to the limiting design value of the relevant serviceability 

criterion,  Cd

Ed  £  Cd

Geotechnical design differs from design in other structural materials in that 

both the design actions and the design resistances are functions of the actions, 

http://dx.doi.org/10.3403/03181153U
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material properties and dimensions of the problem. For example, when 

assessing sliding in a retaining wall design the horizontal forces due to the 

earth (design effect of the actions)  are derived from the material properties of 

the soil and the dimensions of the problem; similarly, the resistance to sliding 

(design resistance)  is  also derived from the actions, material properties and 

the dimensions. Thus, in this regard, geotechnical calculations have a greater 

level of complexity than design in other structural materials where actions 

are not normally a function of the material properties and resistances not a 

function of the actions.

Limit states should be verif ed by calculation, prescriptive measures, experi-

mental models and load tests, an observational method, or a combination of 

these approaches.

Design by calculation involves a number of elements. These include three 

basic variables:  actions (e.g. the weight of soil and rock, earth and water pres-

sures, traff c loads, etc.) , material properties (e.g. the density and strength of 

soils, rocks and other materials)  and geometrical data (e.g. foundation dimen-

sions, excavation depths, eccentricity of loading, etc.) .

The basic variables are entered into calculation models, which may include 

simplif cations but are required to ‘err on the side of safety’. These models 

may be analytical (e.g. bearing capacity theory),  semi- empirical (e.g. the alpha 

method of pile design)  or numerical (e.g. f nite element analysis) .

Figure 7.4 indicates where the partial factors used in design by calculation 

may be applied. Two ‘sets’  of partial factors gF  (A1  and A2)  are provided 

for actions, two sets of partial factors gM  (M1  and M2)  for material proper-

ties and four sets of partial factors gR  (R1 , R2, R3  and R4)  are provided for 

resistances.

Eurocode  7 presents three different design approaches for carrying out ulti-

mate limit state analysis for the GEO and STR limit states. These approaches 

apply the partial factor sets in different combinations in order to provide 

reliability in the design. The method of applying the partial factors ref ects 

the differing opinions regarding geotechnical design held across the Euro-

pean Union. In essence, Design Approach  1  provides reliability by applying 

different partial factor sets to two variables in two separate calculations 

( ‘Combinations’   1  and 2), whereas Design Approaches  2  and 3  apply factor 

sets to two variables simultaneously, in a single calculation as outlined in 

Table  7.4.
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Figure 7.4.  Overview of verifi cation of strength (Bond and Harris 2008)
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Table 7.4.  Design approaches

Structure Main variable that gets factored in Design Approach

1 2 3

Combination 1 Combination 2

General Actions Material  

properties

Actions (or effects) and 

resistances

Structural  actions (or effects) and 

material  properties

Slopes Effects of actions and 

resistances

Structural  effects of actions and 

material  properties

Piles and anchorages Resistances Actions (or effects) and 

resistances

Structural  actions (or effects) and 

material  properties
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In the UK, Design Approach  1  is  being adopted, requiring two calculations 

to be carried out:  Combination  1  where actions are factored and material 

properties are left unchanged and Combination  2 where material properties 

are factored and only variable unfavourable actions are factored.

For example, consider a simple rectangular footing of length 2.5  m, breadth 

1 .5    m and thickness 0.5  m which is founded at a depth of 0.5  m in dry sand. 

The sand has a weight density of 18  kN/m3  with a characteristic angle of fric-

tion, f¢k, of 35°  and the footing is subject to a permanent vertical action of 

800 kN and variable action of 450 kN.

For Combination  1  the permanent actions are increased by the partial factor 

gG   =   1 .35 and the variable actions are increased by the partial factor gQ   =   1 .5. 

Thus the design vertical action is the weight of the footing plus the loads acting 

on it multiplied by the relevant partial factor, giving a design effect of the actions 

Ed   =   1818.3  kN. The design resistances are calculated from the design angle of 

friction, for Combination  1 , using partial factor gf  =   1 .0, therefore f¢d   =   35°. 
Using standard bearing capacity theory as given in Annex  D of EN  1997-1  

gives a design resistance Rd   =   3388  1   kN; thus, for Combination  1 , Rd   >> Ed.

For Combination  2 the permanent actions are increased by the partial factor 

gG   =   1 .0 and the variable actions are increased by the partial factor, gQ   =   1 .3. 

Thus the design vertical action is the weight of the footing plus the loads 

acting on it multiplied by the relevant partial factor, giving a design effect 

of the actions Ed   =   1431 .9  kN. The design resistances are calculated from 

the design angle of friction, for Combination  2, using partial factor gf  =   1 .25  

therefore f¢d   =   29.3°. Using standard bearing capacity theory as given in 

Annex  D of EN  1997-1  gives a design resistance Rd   =   1479 kN. Thus for 

Combination  2, Rd  is  only marginally greater than Ed  and Combination  2 

governs the geotechnical design. For a full discussion of this example and 

similar problems refer to Bond and Harris (2008)   [2] .

‘Prescriptive measures’  are a combination of conservative design rules and 

strict control of execution that, if adopted, avoid the occurrence of limit 

states. The design rules, which often follow local convention, are commonly 

set by local or national authorities, via building regulations, government 

design manuals, and other such documents. These design rules may be given 

in a country’s national annex to EN  1997-1 . Design by prescriptive measures 

may be more appropriate than design by calculation, especially when there is  

‘comparable experience’, i.e. documented (or other clearly established infor-

mation)  in similar ground conditions, involving similar structures  – suggesting 

similar geotechnical behaviour.

http://dx.doi.org/10.3403/03181153U
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Eurocode  7 acknowledges the role of large- and  small- scale model tests in 

justifying the design of geotechnical structures by calculation, prescriptive 

measures or observation. However, apart from requiring time and scale effects 

to be considered and differences between the test and real construction to be 

allowed for, EN  1997-1  provides very little guidance on design by testing.

In a similar way to design by testing, Eurocode  7 acknowledges the role of the 

observational method in the design and construction of geotechnical struc-

tures, but provides little guidance on how to implement it. Certain actions 

must be taken:  establish limits of behaviour, assess the range of possible 

behaviour, devise a plan of monitoring, devise a contingency plan and adopt 

it if behaviour goes outside acceptable limits.

Supervision, monitoring and maintenance

Eurocode  7 has specif c requirements to ensure the quality and safety of a 

structure including:  supervision of the construction process and workmanship, 

monitoring the performance of the structure, checking ground conditions, 

checking construction and maintenance. EN  1997-1  qualif es this requirement 

by saying these tasks should be undertaken ‘as appropriate’. Thus, if construc-

tion does not need supervising, or the structure does not need monitoring or 

maintaining, then the design could explicitly rule out the need for them.

Supervision involves checking design assumptions are valid, identifying differ-

ences between actual and assumed ground conditions, and checking construc-

tion is carried out according to the design. A plan of supervision should be 

prepared, stating acceptable limits for any results obtained, and indicating 

the type, quality and frequency of supervision. The amount and degree of 

inspection and control and the checking of ground conditions and construc-

tion all depend on the geotechnical category (GC)  in which the structure is 

placed. The fact that EN  1997-1  relates its requirements for supervision to the 

geotechnical categories may make their adoption diff cult to avoid.

Monitoring involves measurements of ground deformations, actions, contact 

pressures, and such like and an evaluation of the performance of the struc-

ture. For structures placed in Geotechnical Category  1 , such evaluation is 

simple, qualitative and based largely on inspection. For Category  2 structures, 

the movement of selected points on the structure should be measured. Finally, 

for Category  3  structures, monitoring also involves analysis of the construc-

tion sequence.

http://dx.doi.org/10.3403/03181153U
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If an alternative method of assessing geotechnical risk is  used, then the amount 

of inspection, monitoring and control should be selected appropriately for the 

risk involved.

Maintenance of a structure ensures its safety and serviceability and the 

requirements for it should be specif ed to the owner or client. These require-

ments include identifying those parts of the structure that require regular 

inspection, warning about work that should not be undertaken without prior 

design review and indicating the frequency of inspection.

Although EN  1997-1  imposes specif c requirements for supervision, moni-

toring and maintenance, it gives few practical recommendations as to the 

actions that need to be taken to meet those requirements. This is  demon-

strated by the small number of paragraphs on this subject in the whole of 

Part  1   ( thirty- three), broken down as follows:  clause 5  Fill, dewatering, etc., 

eight paragraphs;  clause 6 Spread foundations, two paragraphs;  clause 7 Pile 

foundations, eight paragraphs;  clause 8  Anchorages, eight paragraphs;  clause 

9  Retaining structures, none;  clause 11  Overall stability, two paragraphs;  and 

clause 12 Embankments, f ve paragraphs.

EN  1997-2 Ground investigation and testing

The values provided in any partial factor system are swamped by the poten-

tial variability in geotechnical parameters both laterally and with depth. It is  

thus critical to any design that suitably conservative models are selected on 

the basis of the information available. EN  1997-2 provides detailed guid-

ance on how to derive geotechnical parameters both directly from f eld tests 

and from laboratory work. It also emphasizes the importance of adequate 

site investigation providing guidance on the minimum requirements for the 

numbers and depths of investigation points as well as the associated testing.

Further, it details the reporting requirements for a design to conform to 

Eurocode  7 which encapsulate much of what is  current good practice but 

seeks to bring greater coordination between the structural and geotechnical 

engineer. This is  accomplished through a series of reports culminating in the 

Geotechnical Design Report as summarized in Figure 7.5.

The Geotechnical Design Report is  a key feature of a Eurocode  7 design, 

bringing together all the factual data and interpretation leading to the selec-

tion of an appropriate ground model and characteristic parameters as shown 

http://dx.doi.org/10.3403/03181153U
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Figure 7.5.  Summary of geotechnical  reporting to Eurocode 7 (Bond and 

Harris 2008)

Figure 7.6.  Contents of the geotechnical  design report (Bond and Harris 

2008)



The essential guide to Eurocodes transition

168

in Figure 7.6. The presentation of a traditional interpretative report by a site 

investigation contractor may no longer be appropriate as Eurocode  7 requires 

differing characteristic parameters for different limit state calculations. In 

addition the design is crucially dependent on a knowledge of the permanent 

and variable actions, which are often unknown at the investigation stage.

EN  1997-2 itself does not contain all the detail necessary to perform in situ 

and laboratory tests so it refers extensively to a new suite of international and 

European standards, prepared jointly by ISO technical committee TC  182 

and CEN  TC  341 , as summarized in Figure  7.7.

Each of the standards within each group is divided into a number of parts, as 

shown in the outer ring of Figure 7.7. The entire suite comprises nearly f fty 

standards or specif cations.

Figure 7.7.  Complementary geotechnical  investigation and testing standards 

(Bond and Harris 2008)
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It also does not contain information on how to carry out geotechnical proc-

esses and refers to a further series of standards covering execution as summa-

rized in Figure  7.8.

Concluding remarks

The introduction of the Eurocodes will challenge current design processes 

and introduce greater rigour into geotechnical design. However, there will be 

considerable concern that experience built up over many years will be lost or 

diff cult to apply in this new regime.

EN  1997-1  and 2 are relatively short documents and do not contain the 

detailed guidance found in such current British Standards as BS  5930, BS  8002 

and BS  8004 or other related publications such as CIRIA C580. However, 

the new codes refer to a large number of other documents that will provide 

the detail. Further work is currently underway to modify the existing British 

Figure 7.8.  Overview of the geotechnical  execution standards (Bond and 

Harris 2008)
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Standards so that they do not conf ict with the Eurocodes, ensuring that they 

can continue to be used.

As experience is gained in using the codes it is hoped that a unif ed approach 

to GEO and STR may be developed avoiding the complications of different 

design approaches and enabling greater transparency across the European 

Union. Further it is  likely that the partial factors themselves will be modif ed 

to ensure economical design.
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Eurocode 8:  Design of structures 
for earthquake resistance

Edmund Booth, Consulting Engineer

Introduction

The six Parts of EN  1998  form a comprehensive set of requirements that 

provide a unif ed approach to the seismic design of structures and their foun-

dations. The stated purpose of EN  1998  is to ensure that in the event of 

earthquakes:

•  human lives are protected; 

•  damage is limited;  and

•  structures important for civil protection remain operational.

EN  1998  covers not only building structures, but also bridges and other facil-

ities such as chimneys, towers, tanks and pipelines (both buried and above 

ground). Dams, offshore structures, nuclear power stations and long span 

suspension bridges are however specif cally excluded from its scope.

Table  8 .1  shows the different parts of EN  1998  and the years of publication 

of the UK national annexes, which are available for all Parts except Part  3 . 

Part  1  (EN  1998-1 )  contains general material applicable to all types of struc-

ture covered by EN  1998, including the def nition of seismic actions. Part  1  

also contains the main rules specif c to the design of building superstructures 

in concrete, steel,  steel– concrete composite, timber and masonry. The use of 

base isolation bearings to provide seismic protection is also covered by Part  1 . 

Part  5  covers geotechnical matters, including the design of foundations, and 

therefore, like Part  1 , applies to all ground supported structures. Parts  2, 4 

and 5  provide additional rules for specif c structural types other than build-

ings. Part  3  of EN  1998  deals with the assessment and retrof t of existing 

buildings, which is an important issue for seismic regions of the world, where 

http://dx.doi.org/10.3403/03244372U
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there are many buildings for which construction predated modern seismic 

design codes or where the general quality of historic infrastructure is seismi-

cally inadequate. No UK national annex is proposed for Part  3  because it was 

considered insuff cient use would be made of it for structures in the UK which 

lay within the scope of EN  1998.

As can be seen from Table  8 .1 , EN  1998  provides a unif ed approach to

the seismic design of a very wide range of structural types and construct-

ion materials. It covers the selection of design ground motions, seismic

analysis, special seismic detailing requirements and geotechnical issues such

as design of retaining walls and assessment of the liquefaction potential

of soils. EN  1998  is of course fully integrated with the rest of the Euro-

code suite, to which reference is needed for  non- seismic aspects of design.

The comprehensive scope of EN  1998, and its ability to form part of a uniform 

basis for all aspects of design, is  an important feature of the code which

will be of benef t to UK designers. The clear and rational basis for its

Table 8.1 .  The six Parts of EN 1 998 – Design of structures for earthquake 

resistance

Part of Eurocode 8 Year of issue 

of UK national 

annex

EN 1 998-1 :  General rules,  seismic actions and rules for 

buildings:

Section 1 :  General

Section 2:  Performance requirements and acceptance criteria

Section 3:  Ground conditions and seismic action

Section 4:  Design of buildings

Sections 5–9:  Specifi c rules for buildings in  concrete,  steel,  

composite steel–concrete,  timber and masonry

Section 1 0:  Base isolation

EN 1 998-2:  Bridges 2009

EN 1 998-3:  Assessment and retrofi tting of buildings None proposed

EN 1 998-4:  Tanks,  silos and pipelines 2008

EN 1 998-5:  Foundations,  retaining structures and geotechnical 

aspects

2008

EN 1 998-6:  Towers,  masts and chimneys 2008

http://dx.doi.org/10.3403/03244372U
http://dx.doi.org/10.3403/30094287U
http://dx.doi.org/10.3403/30094289U
http://dx.doi.org/10.3403/30047498U
http://dx.doi.org/10.3403/03244357U
http://dx.doi.org/10.3403/30094294U


Eurocode 8: Design of structures for earthquake resistance

173

provisions and the advanced nature of many of its procedures will also

assist designers.

Use of EN  1998 for design of structures in the United Kingdom

Requirements for seismic design in the UK

Seismic design has not previously been required for the great majority of UK 

structures and the introduction of EN  1998  does not change this. All the UK 

National Forewords to EN  1998  state:

‘There are generally no requirements in the UK to consider seismic 

loading, and the whole of the UK may be considered an area of very 

low seismicity in which the provisions of EN  1 998 need not apply.  

However,  certain types of structure,  by reason of their function, loca-

tion or form, may warrant an explicit consideration of seismic actions.  

Further guidance on the circumstances where an explicit seismic design 

should be considered is provided in PD  6698:2009.’

The UK national annexes to EN  1998  advise that an assessment of the need 

for seismic loading should only be carried out for consequence category CC3  

structures. These are def ned in EN  1990 Table  B.1  as structures where failure 

would lead to high consequences for human life, or considerable environ-

mental, social or economic impact. However, for many category CC3  struc-

tures, the recommended assessment is  likely to conclude that an explicit 

seismic design is not required. The need for seismic design will depend upon 

the consequences of seismically induced failure, the level of seismicity at the 

site in relation to the UK average and the presence or absence of structural 

features known to be unfavourable for seismic resistance.  Semi- quantitative 

guidance on these choices is provided in PD  6698:2009 (see next section), but 

it is  recognized that much will depend on judgement.

PD 6698:2009 advises that structures in consequence categories CC1  and 

CC2 are ‘unlikely to warrant seismic design, provided they are adequately 

designed for  non- seismic design conditions’. These are structures where the 

consequences of loss are low or medium, and their seismic resistance can 

be considered as adequately covered by the robustness provisions of the 

 non- seismic parts of the Eurocodes.

http://dx.doi.org/10.3403/30175148
http://dx.doi.org/10.3403/03202162U
http://dx.doi.org/10.3403/30175148
http://dx.doi.org/10.3403/30175148
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Published Document PD  6698:2009  – Recommendations for the 

design of structures for earthquake resistance to BS  EN  1998

PD  6698:2009 is a background paper that gives  non- contradictory, comple-

mentary information on the use of EN  1998  for the seismic design of UK 

structures. Although published by BSI, it does not have the status of a British 

Standard. PD  6698  contains a seismic hazard zoning map of the UK which 

the UK national annexes to EN  1998  permit as one option for obtaining 

ground motions for use in seismic design. An alternative option given by the 

UK national annex is to undertake a site specif c hazard analysis;  the UK 

national annex to Part  4 requires such analysis for the design of petrochem-

ical facilities associated with large risks to the population or the environ-

ment. PD  6698  also provides advice on the circumstances in which seismic 

design may be warranted for buildings, bridges, tanks, pipelines, chimneys 

and towers in consequence category CC3.

Seismic design of nuclear facilities,  dams and offshore structures

Nuclear power plants are a prime example of ‘high consequence of failure’  

structures, and have been designed seismically in the UK since the 1980s;  

major dams have also been subject to seismic assessment for many years as 

have offshore structures. However, these types of structures are specif cally 

excluded from the scope of EN  1998  because there are particular aspects 

of their regulatory and detailed design performance that are not covered. 

Notwithstanding this, many features of EN  1998  are still relevant, and it is  

likely that EN  1998  will inf uence the practice of UK designers undertaking 

nuclear dam and offshore design work in the future.

Seismic design of bridges and petrochemical facilities

Certain petrochemical facilities, such as liquid natural gas (LNG)  tanks and 

high pressure gas pipelines, and important bridges are examples of other 

types of UK structures where seismic design has sometimes been carried out 

in the past, and EN  1998  covers seismic aspects of their design.

EN  1998-2 covers the seismic design of bridges. PD  6698:2009 gives advice on 

the circumstances where seismic design needs to be considered for important 

http://dx.doi.org/10.3403/30175148
http://dx.doi.org/10.3403/BSEN1998
http://dx.doi.org/10.3403/30175148
http://dx.doi.org/10.3403/30175148U
http://dx.doi.org/10.3403/30175148U
http://dx.doi.org/10.3403/30094287U
http://dx.doi.org/10.3403/30175148
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UK bridges, and identif es  the sections of EN  1998-2 which are applicable in 

the UK. Many of the provisions of EN  1998-2 do not apply to bridge design 

in low seismicity regions such as the UK; the main requirement is  to carry 

out a seismic analysis and to check that the forces and def ections that this 

predicts are within the strength and deformation capacity of the bridge. The 

special seismic detailing provisions in EN  1998-2 are not generally required, 

as they would be in an area of high seismicity.

EN  1998-4 covers the seismic design of tanks and pipelines. Tanks are the 

only type of structures where seismic design was previously covered by British 

Standards. There are two current relevant British Standards. BS  EN  1473:2007 

covers onshore LNG installations;  it refers to EN  1998-4 for the seismic 

design of tanks. BS  EN  14015:2004 covers certain types of f at bottomed 

tanks for storage of liquids at ambient temperature and above;  this currently 

contains a seismic design procedure based on US practice of some time ago, 

but it is understood that a revision will be published shortly which replace 

this advice with a requirement to use EN  1998-4. PD  6698:2009 currently 

advises that EN  1998-4 should be used in place of the seismic provisions of 

BS  EN  14015:2004.

Seismic design of buildings

Generally speaking, the only UK buildings which have previously been seis-

mically designed were those with a safety related function, for example in the 

nuclear industry. The introduction of EN  1998, together with the UK national 

annexes and PD  6698:2009, opens the possibility that a limited range of other 

types of buildings may warrant seismic design, although as noted above, the 

UK national annexes state ‘that the whole of the UK may be considered an 

area of very low seismicity in which the provisions of EN  1998  need not 

apply’  and so seismic design is not mandatory. An example of a consequence 

category CC3  building which might warrant seismic design is a hospital in a 

part of the UK shown by the seismic zoning map of PD  6698:2009 to have 

higher than average seismicity, and which is either sited on soft soils (which 

tend to amplify earthquake motions)  or has some structural feature unfavour-

able to seismic resistance such as a weak or ‘soft’  ground storey.

If seismic design were carried out, it would be similar to that described in 

the section for bridges as follows. That is, the main requirement would be 

to carry out a seismic analysis and to check that the forces this predicts are 

http://dx.doi.org/10.3403/30094287U
http://dx.doi.org/10.3403/30094287U
http://dx.doi.org/10.3403/30094287U
http://dx.doi.org/10.3403/30047498U
http://dx.doi.org/10.3403/30128236
http://dx.doi.org/10.3403/30047498U
http://dx.doi.org/10.3403/03208208
http://dx.doi.org/10.3403/30047498U
http://dx.doi.org/10.3403/30175148
http://dx.doi.org/10.3403/30047498U
http://dx.doi.org/10.3403/03208208
http://dx.doi.org/10.3403/30175148
http://dx.doi.org/10.3403/30175148
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within the strength capacity of the building structure. The special seismic 

detailing provisions of EN  1998-1  would not generally be required.

Use of EN  1998 in areas of moderate to high seismicity 
worldwide

Introduction

The previous section applies to the special and rather unusual situations 

where EN  1998  is used for the seismic design of structures in the UK. It is  

expected that much more use will be made of EN  1998  by UK designers for 

seismic design of structures outside of the UK than within in it, for parts 

of the world where earthquakes provide a much more immediate threat. 

Within those countries adopting the Eurocodes, designs would of course need 

to make use of the relevant national annexes, rather than the UK national 

annex; these provide the seismic zoning maps needed for establishing design 

seismic loading and also the values of the Nationally Determined Parameters 

(NDPs). Advice on the application of EN  1998  to countries where a national 

annex does not exist is provided by the Institution of Structural Engineers/

AFPS Manual on EN  1998   [1 ] .

Many UK engineers in the past have used US seismic codes for seismic 

designs internationally. EN  1998  has a number of features which are 

rather different from US practice. Broadly, the provisions of EN  1998  can 

be characterized as less empirical and more related to fundamental physics 

than the US counterparts, and in some places it may seem closer to an 

academic textbook than to the type of code provisions that UK engineers are 

used to. The common approach to a wide variety of structural types is  an 

advantage over US provisions, as is  the much greater provision of advice on 

geotechnical matters, given in EN  1998-5. The more rapid revision cycle in 

the US means that certain parts of current US codes can be regarded as more 

up to date;  the EN  1998  Manual [1 ]  gives advice on some circumstances 

where the provisions of EN  1998  may need upgrading. Generally, EN  1998  

requires considerably greater lateral strength than do US codes for equivalent 

buildings.

Subsequent paragraphs give a brief outline of some of the principal features 

of EN  1998.

http://dx.doi.org/10.3403/03244372U
http://dx.doi.org/10.3403/03244357U
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Analysis methods

In common with most current seismic codes, ductility modif ed response spec-

trum analysis is  the main type of analysis envisaged for buildings by EN  1998. 

The ‘behaviour factor’  q  in EN  1998  is broadly equivalent to the ‘response 

modif cation factor’  R  of the US International Building Code ( IBC). The 

behaviour factor allows for the reduction in lateral strength requirement in 

structures that are designed to yield in a ductile manner during a major earth-

quake;  the greater the degree of ductility that is  available in the structure, 

the larger the q  factor. Static pushover analysis, using  displacement- based 

methods of analysis, is  a more recent and precise way of allowing for 

 post- elastic response. It is  also presented in EN  1998, but not fully developed 

for new buildings in Part  1 . However, complete methods are provided for 

bridges in Part  2 and for retrof tting buildings in Part  3 . Time history and 

(brief y)  power spectrum methods of analysis are also referred to.

An outline of some basic principles in EN  1998 for building design

Design for different levels of ductility

A  well- established principle in earthquake engineering is the  trade- off 

between strength and ductility;  if collapse prevention and life safety preserva-

tion is the only concern, then for a given intensity of earthquake loading, a 

lower strength building can be designed, providing that the detailing ensures 

proportionately more ductility.

EN  1998  allows the seismic designer to make such a  trade- off by specifying 

two main classes of ductility provision, namely Ductility Class High (DCH)  

and Ductility Class Medium (DCM). The lateral strength requirement in 

DCM structures is  25%  to 50%  greater than in DCH structures. There are 

quite stringent seismic design and detailing requirements for both DCH and 

DCM structures, but they are more complex for DCH than DCM, particularly 

for concrete structures. Note that in US practice, ‘special’  ductility provisions 

are required for buildings in areas of high seismicity;  generally, these ‘special’  

provisions probably lie somewhere between those of DCH and DCM.

A third,  low- ductility class exists, Ductility Class Low (DCL), but this is 

not permitted for use in areas of moderate or high seismicity. DCL struc-

tures must be designed for essentially elastic response, using a q  factor not 
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exceeding 1 .5  (or 2 for some steel structures) . However, after providing suff -

cient lateral strength to resist the seismic forces implied by q   £   1 .5  (or q   £   2  in 
steel structures), almost no further specif c seismic design and detailing meas-

ures are required, and design may proceed using the appropriate  non- seismic 

Eurocodes.

The reason for prohibiting DCL structures in areas of moderate or high seis-

micity is  that they may fail in a brittle manner if loaded beyond their design 

strength. Since both the level of seismicity and seismic response are subject to 

great uncertainties, a high level of ductility is  a good insurance policy;  ductile 

structures, while they will be damaged by greater than expected earthquake 

motions, are much less likely to collapse and kill or injure their occupants 

than brittle structures. Capacity design measures (see section below)  are an 

essential part of ensuring that this reserve of ductility is  present.

Primary and secondary elements

Primary elements are those which contribute to the seismic resistance of the 

structure. Some structural elements can however be designated as ‘secondary’  

elements, which are taken as resisting gravity loads only. Their contribution 

to seismic resistance must be neglected. These elements must be shown to be 

capable of maintaining their ability to support the gravity loads under the 

maximum def ections occurring during the design earthquake. This may be 

done by showing that the actions (moments, shears, axial forces)  that develop 

in them under the enforced compatible seismic deformations for the whole 

structure (determined by analysis)  do not exceed their design strength, as 

calculated using Eurocode  2 or Eurocode  3 . Otherwise no further seismic 

design or detailing requirements are required.

Essentially, secondary elements are a type of low ductility element, which 

(unlike DCL elements)  are not restricted to areas of low seismicity.

Figure  8.1  shows two framing arrangements. In the grid frame, all the columns 

are primary elements, but in the perimeter frame, the internal columns are 

secondary elements. Thus, the perimeter frame is considered as the primary 

seismic resisting element, and is designed for high ductility while the internal 

members are considered secondary. This gives considerable architectural 

freedom for the layout of the internal spaces;  the column spacing can be 

much greater than would be eff cient in a moment resisting frame, while close 

spaced columns on the perimeter represents much less obstruction.
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Capacity design

DCH and DCM structures must be checked by capacity design procedures 

to ensure that ductile yielding occurs before brittle failure. The principle is 

to ensure that the ductile regions yield f rst, thereby protecting the brittle 

regions from reaching their capacity. This is  done by ensuring that brittle 

elements are designed to withstand a load which exceeds that induced by the 

yielding strength of the ductile links. The ductile links then act as a structural 

fuse, ensuring that the brittle links do not reach their capacity. This concept, 

developed by Professors Park & Paulay in Christchurch New Zealand in the 

1970s, is  illustrated schematically by the ‘ductile chain’  in Figure  8 .2.

Internal  beams and columns

not taken as contributing to

lateral  resistance

(a) (b)

Figure 8.1 .  Sectional  plan on grid and perimeter frames.  (a)  Grid frame.

(b) Perimeter frame

Ductile l ink

Brittle l ink

Figure 8.2.  Concept of capacity design
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Ensuring that columns are stronger than beams in moment frames, and that 

concrete frame members are stronger in shear than in f exure are two impor-

tant examples of capacity design. The principle is simple, though the rules 

in EN  1998, particularly for concrete structures, can be quite complex. The 

capacity design principle is applied more widely than is the case for US seismic 

codes;  for example, foundations must generally be checked to capacity design 

principles to ensure they can develop the yielding strength of the superstruc-

tures they support, which is not required by US codes.

Design for different levels of seismicity

Three bands of seismicity are recognized by EN  1998, as follows.

•  high to moderate;

•  low;

•  very low.

In high to moderate seismic zones, building structures should be designed 

with ‘high’  (DCH)  or ‘medium’  (DCM) ductility;  this involves full seismic 

detailing and capacity design procedures. In low seismicity zones, structures 

may be designed as ‘low’  ductility and special seismic detailing and capacity 

design requirements are waived. Seismic design is waived altogether in very 

low seismicity zones.

The recommended def nitions for the three zones given in EN  1998  are given 

in Table  8 .2, although they can be modif ed for a particular country by its 

national standards authority. As noted previously, the UK national annexes to 

EN  1998  def ne the whole of the UK as being a zone of very low seismicity.

Table 8.2.  Recommended defi nitions of seismic zones in EN 1 998

Zone Peak ground acceleration (PGA) for 

475 year return period

Seismic design 

requirements

Rock Soil

High to 

moderate

> 8 %g > 1 0 %g Full  seismic detail ing 

to DCH or DCM

Low 8 %g ≥  PGA > 4 %g 1 0 %g ≥  PGA > 5 %g DCL;  q  £  1 .5 (q £  2  
for steel)  no seismic 

detail ing

Very low £  4  %g £  5  %g No seismic design 

required
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Guidance material on EN  1998

The Designers’ Guide to EN  1 998-1  and EN  1 998-5  [2]  gives background 

information and guidance on many aspects of EN  1998. It is  one of a series 

of designers’  guides to the Eurocode suite.

A manual on EN  1998  [1 ]  has been prepared by the Institution of Structural 

Engineers and the Association Française du Genie Parasismique (AFPS  – which 

is the French counterpart of the UK earthquake society SECED). It is  intended 

as a  stand- alone source for the requirements of EN  1998  for the majority of 

straightforward steel and concrete buildings, and in addition provides exten-

sive guidance and design aids beyond those provided in EN  1998  itself. The 

manual gives the values of NDP recommended by EN  1998, as well as those 

given in the UK and French national annexes. Seismic zoning maps of the UK 

and France are provided.

A textbook edited by Elghazouli [3]  based on recent courses presented by 

SECED at Imperial College gives further information on structural and 

geotechnical aspects of EN  1998, and includes worked examples for the 

foundation and structural design of an example building, constructed in both 

concrete and steel.

An article in the Structural Engineer [4]  provides a brief ng on EN  1998.

A textbook by Booth and Key [5]  makes extensive reference to the provisions 

of EN  1998.
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Eurocode 9:  Design of aluminium 
structures

Phil Tindall,  UK Technical Director (Bridges),  Hyder Consulting

There are f ve Parts to Eurocode  9  covering the design of aluminium structures:  

•  BS  EN  1999-1 -1 :2007 General structural rules

•  BS  EN  1999-1 -2:2007 Structural f re design

•  BS  EN  1999-1 -3:2007 Structures susceptible to fatigue

•  BS  EN  1999-1 -4:2007  Cold- formed structural sheeting

•  BS  EN  1999-1 -5:2007 Shell structures

The rules given in Parts 1 -1  and 1 -3  for structural and fatigue design are largely 

equivalent to those given in BS  8118-1 :1991 , Structural use of aluminium, 

Part 1 :  Code of practice for design.  The material in the other three Parts was 

not previously covered by a British Standard in any great detail.

Eurocode  9, in common with other Eurocodes, makes considerable 

 cross- reference to other European Standards. In particular, it is  based on the 

principles contained in Eurocode  0 (Basis of structural design)  and refers to 

Eurocode  1  for loading.

The design rules are inextricably linked to the rules for execution (the term 

that Eurocodes use for fabrication and erection)  given in BS  EN  1090-3:  

Execution of steel structures and aluminium structures,  Part 3 :  Technical 

requirements for aluminium structures.  BS  EN  1090-3  will replace BS  8118-

2:1991 , Structural use of aluminium, Part 2:  Specif cation for materials,  work-

manship and protection.

Each Part of Eurocode  9  has an accompanying national annex which gives 

 UK- specif c partial factors and choices. The use of the UK national annexes is  

a prerequisite for the use of Eurocode  9.

BSI is issuing two documents to assist UK designers using Eurocode  9  in the 

UK. These are:

http://dx.doi.org/10.3403/30047501
http://dx.doi.org/10.3403/30047503
http://dx.doi.org/10.3403/30047511
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•  PD  6702-1 ,  Structural use of aluminium, Part  1 :  Recommendations for the 

design of aluminium structures to BS   EN  1 999

•  PD  6705-3,  Structural use of aluminium, Part  3 :  Recommendations for the 

execution of aluminium structures to BS   EN  1 090-3

These documents give important guidance on matters where choice is  given 

in Eurocode  9  or BS  EN  1090-3, together with additional background data 

referred to in the national annexes.

BS  EN  1999-1-1:2007 General structural rules

Most of the rules in Part 1 -1  of Eurocode  9  are similar to those in BS  8118  

and are generally based on the same structural principles.

The rules are, however, more extensive and allow greater ref nement of the 

design. This can lead to more economical structures when dealing with 

complex or very slender sections, albeit at the expense of more extensive 

and complex design checking. Comparative exercises between Eurocode  9  

and BS  8118  have shown that the difference in allowable loads is  small for 

static design of typical members and details. Presently many designers use 

commercial software or  in- house spreadsheets for code compliance checking;  

consequently more complex checks are not necessarily an issue. In common 

with other Eurocodes, the additional clauses and the need to reference other 

standards increases the required design effort.

In the conversion from prENV  1999 (published in the UK in 2000 as a Draft 

for Development)  considerable efforts were made to align the format and 

content of Eurocode  9  with Eurocode  3, on the basis that designers familiar 

with steel would more easily follow the aluminium code. This does, however, 

ignore the fact that aluminium is a different material that has its own prop-

erties that need to be exploited and worked with differently to steel if an 

economic structure is  to be achieved.

Several of the notable aspects that are different to the design rules of BS  8118  

are listed as follows.

•  Eurocode  9  (clause 1 .8)  requires that a specif cation is prepared for execu-

tion of the work, whereas BS  8118-2 acted as the specif cation. There are 

various clauses in both Eurocode  9  and EN  1090-3  where there are alter-

natives and/or items that have to be specif ed by the designer. PD  6702-1  

http://dx.doi.org/10.3403/30182023U
http://dx.doi.org/10.3403/BSEN1999
http://dx.doi.org/10.3403/30192204U
http://dx.doi.org/10.3403/30133062U
http://dx.doi.org/10.3403/30133062U
http://dx.doi.org/10.3403/30047501
http://dx.doi.org/10.3403/BS8118
http://dx.doi.org/10.3403/BS8118
http://dx.doi.org/10.3403/BS8118
http://dx.doi.org/10.3403/01822688U
http://dx.doi.org/10.3403/30133062U
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and PD  6705-3  give guidance and recommendations to help the designer 

to make appropriate choices.

•  The concept of reliability differentiation is introduced. Varying quality 

requirements, and varying degrees of assurance that the work meets the 

specif ed quality level, are implemented by the use of service categories 

and execution classes. Again, PD  6702-1  and PD  6705-3  give guidance 

and recommendations to help the designer make appropriate choices. 

Note that the service categories given in these documents differ from those 

used in EN  1090-3. (See further commentary on this in the section on 

BS  EN  1999-1-3  below.)

•  The various partial safety factors in Eurocode  9  and Eurocode  0 have 

different values to those in BS  8118  – however the f nal combination of 

all of the factors on the loading and resistance sides of the equation give 

similar results. The use of common loads and load factors for application 

across the whole range of structural materials is  welcome.

•  Eurocode  9  introduces an additional class when classifying cross sections 

for buckling resistance. The additional class is for sections that can form a 

plastic hinge with the rotation capacity required for plastic analysis.

•  Eurocode  9  generally gives higher weld strengths and allows the designer 

to calculate differing weld metal strengths to match the weld metal speci-

f ed, whereas BS  8118  used a  lower- bound f gure. The Beta formula used 

for calculating stresses in a f llet weld is slightly different to that used 

in BS  8118, and this combined with the higher weld metal strengths 

prompted the UK national annex to specify a higher value for the partial 

safety factor (Gamma m)  for welded joints.

•  Eurocode  9  gives simple design rules for the structural use of castings. In 

general, these are only applicable for static applications when impacts and 

fatigue consideration are not relevant. BS  8118  did not give any design 

rules for castings.

Eurocode  9  includes several informative annexes that introduce additional 

guidance or methods that were not covered explicitly in BS  8118. These 

include material on analytical models for stress–strain relationship, behav-

iour of materials beyond the elastic limit, plastic hinge method for continuous 

beams, shear lag effects and classif cation of joints.

Other informative annexes include and sometimes expand on information 

that was included in BS  8118  such as material selection, corrosion and surface 

protection, and properties of  cross- sections.
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The national annex to this Part of Eurocode  9  refers to PD  6702-1  and 

PD  6705-3  for additional guidance as noted above and for guidance on 

def ections and vibration limits in buildings. All of the informative annexes in 

this Part of Eurocode  9  are permitted and retain an informative status.

BS  EN  1999-1-2:2007 Structural f re design

Structural f re design of aluminium structures was not previously covered by 

British Standards at all.  This Part of Eurocode  9  gives comprehensive rules for 

determining the f re resistance of aluminium members in structures. Contrary 

to popular opinion, aluminium is classif ed as  non- combustible and this 

section is a welcome addition to the suite of standards. Previously, knowledge 

of the subject was conf ned to a small group of experts.

The theory of the f re safety of structures in aluminium alloys is  governed 

by the same principles and methods as those used for steel structures. Whilst 

most aluminium alloys start to lose some strength when held at temperatures 

above 100 °C and have lost a signif cant proportion by 350°C, applications 

that need insulation for extended f re resistance are generally similar to those 

for steel structures.

Rules are given for structures that are unprotected, that are insulated by f re 

protection material or are protected by heat screens.

The national annex to this Part of Eurocode  9  does not change any of the 

recommended values. All of the informative annexes in this Part of Eurocode  9  

are permitted and retain an informative status.

BS  EN  1999-1-3:2007 Structures susceptible to fatigue

Eurocode  9  gives methods for calculation of fatigue life based on ‘safe life’  

principles or on a  damage- tolerant approach, whereas BS  8118  only gave 

guidance and methods for fatigue design based on ‘safe life’  principles.

The Eurocode also gives greater detail on items such as methods of structural 

analysis and stress concentrations applicable for fatigue design.

The methodology used by Eurocode  9  for the safe life approach is gener-

ally similar to that used in BS  8118. The basis of the design methodology is 

given both in the main text and Annex  A of Eurocode  9  Part 1 -3. The detail 

http://dx.doi.org/10.3403/30182023U
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category tables necessary to calculate the fatigue life are given in informative 

Annex  J. The BSI mirror committee responsible for Eurocode  9  considered 

that some of the fatigue detail categories in Annex  J could be subject to misin-

terpretation, or could give fatigue safe lives only achievable with unrealistic 

expectations regarding internal defects. The UK recommendation is not to 

use the detailed categories contained in the informative annex. Alternative 

detail category tables are therefore given in PD  6702-1 ,  Structural use of 

aluminium, Part 1 :  Recommendations for the design of aluminium structures 

to BS   EN  1 999.

Realization of the predicted fatigue lives is  dependent on achieving certain 

quality levels. However, it is  recognized that there could be an economic 

penalty for  over- specifying quality requirements for areas subject to static 

loading or low levels of cyclic stress. The alternative fatigue detail category 

tables are therefore associated with a series of quantif ed service categories 

that can be used with the recommendations in PD  6705-3,  Structural use of 

aluminium, Part 3 : Recommendations for the execution of aluminium struc-

tures to BS   EN  1 090-3  to specify appropriate inspection regimes and accept-

ance criteria during execution. The alternative detailed category information 

is based on data previously issued in prENV  1999-2, published in the UK in 

2000 as a Draft for Development.

The Eurocode also allows a  damage- tolerant approach to fatigue design, i.e. 

some cracking is allowed to occur in service, provided that there is stable, 

predictable crack growth and that there is  a suitable inspection regime in 

place. The UK recommendation is that design should be based on safe life 

principles whenever possible, but recognizes that there may be situations 

where achievement of minimum weight is  a high priority and in circum-

stances where the necessary inspection regime is acceptable. Eurocode  9  

places certain conditions on the use of the damage tolerant design method 

and these are reinforced and supplemented in PD  6701-2.

Informative Annex  B gives guidance on assessment of crack growth by frac-

ture mechanics. This is  useful and can be used in damage tolerance calcula-

tions. Other annexes that the UK considered useful and/or acceptable for use 

include information on fatigue testing, stress analysis, adhesive joints and the 

effect of stress ratio.

Other informative annexes covering low cycle fatigue, detail category tables 

and hot spot stresses are not recommended for use in the UK and alternative 

data are given in PD  6701-2.
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BS  EN  1999-1-4:2007  Cold- formed structural sheeting

Aluminium  cold- formed structural sheeting has a light weight and excellent 

corrosion resistance and is widely used for cladding framed structures.

This Part of Eurocode  9  covers construction where  cold- formed sheeting 

contributes to the overall strength of a structure and also in situations where 

it simply acts as a cladding component that only transfers load to the struc-

ture. It is  therefore suitable for the full range of calculations necessary for 

stressed skin design and gives specif c applicable rules for this application.

BS  EN  1999-1-5:2007 Shell structures

This Part of Eurocode  9  applies to the structural design of shell or mono-

coque assemblies with particular reference to cylindrical, conical, torisherical 

and toriconical structures. The scope includes stiffened and unstiffened shells 

and the associated plates, section rings and stringers that form the complete 

structure.

The basic premise is  that analysis is  carried out by f nite element methods 

to compute stresses in the shell. The code gives criteria for the treatment of 

geometry and boundary conditions in the f nite element models.

The structure capacity is  based either on yield or buckling criteria and rules are 

given for the use of results from a variety of types of computer analysis incor-

porating linear or  non- linear geometric and material properties. Formulae for 

critical buckling stresses for simple cylindrical and conical shapes are given in 

an appendix. The code also allows the user to determine the critical buckling 

stress from linear elastic bifurcation (eigenvalue)  analysis.

Reference is made to the different levels of geometric tolerances given in 

BS  EN  1090-3  Execution of steel structures and aluminium structures,  Part 3 :  

Technical requirements for aluminium structures  and factors are included in 

the formulae for buckling strength to allow for the imperfection levels as 

these can have a large impact on the resultant buckling strength.

http://dx.doi.org/10.3403/30092976
http://dx.doi.org/10.3403/30092979
http://dx.doi.org/10.3403/30133062U


188

Annex A. Design of an LVL
garage beam conforming to 

BS  EN  1995-1

Arnold Page, BSc,  BD, MIWSc.  Structural timber engineering 

consultant

NOTE This annex is to be read with chapter/section 5:  Eurocode 5: Design 

of timber structures.

44 ×  1 70 mm C1 6 rafters

@ 450 mm crs Max.  span 3.1  m

Imposed load = 0.75 kN/m2  on  plan

Dead load = 0.75 kN/m2  on  slope

Lintel  above

door to support

rafters

Load-bearing 

t/f partition

29401 00
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44 ×  1 70 mm C1 6 grade

celing joists @ 450 crs 
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A

Figure A.1 .  Roof structure
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The garage beam spans 2.58   m and is located above B, where it supports a 

f rst f oor  load- bearing partition and a 600 mm wide strip of the f rst f oor.

A.1  General data

Consider an LVL beam 2580 mm long ×  51  mm wide ×  260 mm deep.

Material properties from BS  EN  14374

fm,0,edge,k   =  44.0 N/mm2

s  (used to calculate the depth factor for bending)  =  0.12

fv,0,edge,k   =  4.1  N/mm2

E0,mean    =  13800 N/mm2

E0.05    =  1 1700 N/mm2

rk     =  480 kg/m3

Geometrical properties

b    =  51  mm

h    =  260 mm

ℓ    =  2580 mm

A   =  bh   =  51   ×  260 =  13260 mm2

W  =  bh2/6  =51   ×  2602/6 =  574.6  ×  103  mm3

I  =  bh3/12  =  51   ×  2603/12 =  74.70  ×  106  mm4

Material factors for LVL (Service class  2   – unheated garage)  from 

BS  EN  1995-1-1

kmod  =  0.60 permanent loads

  =  0.80 f oor imposed –  medium- term according to the UK national

  annex to the Eurocode

  =  0.90 snow –  short- term according to the UK national annex to

  the Eurocode

kdef = 0.8

kh   =  min[(300/h) s,1 .2]  BS  EN  1995-1-1  Clause 3.4(3)

  =  min[(300/260)0.12,1 .2]   =  min[1 .02,1 .2]  =  1 .02

gM   =  1 .2 for LVL

Load factors

For dead and imposed loads BS  EN  1990 gives partial factors of 1 .35  and 

1 .5  respectively. Partial load factors from BS  EN  1990 National Annex Table 

A1 .1  in the national annex to BS  EN  1990 are as follows:

http://dx.doi.org/10.3403/BSEN1995-1
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y0   =  0.7 for f oor imposed loads

  =  0.5  for snow

y 1   =  0.5  for f oor imposed loads

  =  0.2 for snow

y 2   = 0.3  for f oor imposed loads

  =  0.0 for snow

A.2 Loads

A.2.1  Roof loads

Characteristic permanent load on roof on plan 

    =  0.75/cos 37° =  0.939 kN/m2

Characteristic  short- term load on roof on plan

    =  0.75 =  0.75 kN/m2

Design permanent load on roof on plan

    =  1 .35   ×  0.939 =  1 .267 kN/m2

Design  short- term snow load on plan =  1 .5   ×  0.75  =  1 .125 kN/m2

Loads on A to B (3.85  m)  per metre parallel to the beam

Characteristic permanent load =  0.939  ×  3 .85  =  3 .62 kN/m

Characteristic  short- term load =  0.75  ×  3 .85  =  2.89 kN/m

Design permanent load =  1 .35   ×  3 .62 =  4.88  kN/m

Design  short- term load =  1 .5   ×  2.89 =  4.33  kN/m

Loads on B to C (3.04  m)  per metre parallel to the beam

Characteristic permanent load =  0.939  ×  3 .04 =  2.85  kN/m

Characteristic  short- term load =  0.75  ×  3 .04 =  2.28  kN/m

Design permanent load =  1 .35   ×  2.85  =  3 .85  kN/m

Design  short- term load =  1 .5   ×  2.28  =  3 .42 kN/m

A.2.2 Rafters and ceiling joists

Characteristic weight of timber A to B per metre

parallel to beam =  370  × 9.81[(3850  × 44  × 170)   + 

(3850  × 44  × 145/cos 37°)] /[0.45  × 1012]  =  0.480 N/mm

Design permanent load from A to B per metre parallel

 to beam = 1 .35   ×  0.480  =  0.648  N/mm
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Characteristic weight of timber B to C per metre 

 parallel to beam = 370  ×  9.81 [(3040  ×  44  ×  

 145/cos 37°)] /[0.45  ×  1012]   =  0.196 N/mm

Design permanent load from B to C per metre parallel

 to beam = 1 .35   ×  0.196  =  0.265 N/mm

A.2.3 First f oor timber frame partition

Weight of timber frame partition (Manual for the 

design of timber building structures to Eurocode  5, 

IStructE/TRADA, Table 4.5)   =  0.24 kN/m2

Hence characteristic load from timber frame partition 

per metre along the beam = 0.24  ×  2350/1000 =  0.564 kN/m

Design permanent timber frame partition load per metre 

on the beam = 1 .35   ×  0.564  =  0.762 N/mm

A.2.4 First f oor dead weight

22 mm chipboard @  600 kg/m3  =  600  ×  22  ×  9.81 /106  =  0.129 kN/m2

12.5  mm f recheck plasterboard @ 850 kg/m3  =  

850  ×  12.5   ×  9.81 /106   =  0.104 kN/m2

200 mm Rocksilk mineral wool @ 20 kg/m3  = 

20  ×  200  ×  9.81 /106   =  0.039 kN/m2

Total dead weight   =  0.272 kN/m2

Assuming beam replaces a f oor joist spaced at 600 mm 

centres characteristic dead load on 600 mm = 0.6  ×  0.272 =  0.163  kN/m

Design permanent load from f oor =  1 .35   ×  0.163  =  0.220 kN/m

A.2.5 First f oor imposed load

First f oor joists at 600 mm centres support imposed f oor 

load of 1 .5  kN/m2

Hence characteristic imposed f oor load per metre on the 

beam =  1 .5   ×  0.6 =  0.90 kN/m

Design  medium- term imposed f oor load per metre on 

the beam = 1 .5   ×  0.9 =  1 .35  kN/m

http://dx.doi.org/10.3403/BSEN1995-1
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A.2.6.  Self- weight of beam

Characteristic weight of beam = 480  ×  9.81   ×  13260/109  =  0.062 kN/m

Design permanent weight of beam =  1 .35   ×  0.062 =  0.084 kN/m

A.2.7 Characteristic loads on beam

ÂGk, characteristic permanent load  =  

0.5(3.62  +  2.85   +  0.48   +  0.196)   +  0.564  +  0.163   +  0.062)  =  4.36 kN/m

  A.2.1  A.2.1  A.2.2  A.2.2  A.2.3  A.2.4 A.2.6

Qk,2, characteristic  medium- term load 2.5  =  0.90 kN/m

Qk,1 , characteristic  short- term load = 0.5(2.89  + 2.28)   A.2.1  =  2.58  kN/m

A.2.8 Design loads on beam (from A2.7)

ÂGd, design permanent load =  1 .35   ×  4.36 =  5.89 kN/m

Qd,2, design  medium- term load =  1 .5   ×  0.90 =  1 .35  kN/m

Qd,1 , design  short- term load =  1 .5   ×  2.58  =  3 .88  kN/m

Total permanent duration design load =  5.89 kN/m

Total  medium- term design load =  5.89  +  1 .35  =  7.24 kN/m

Total  short- term design load =  5.89  +  1 .35  +  3 .88  =  11 .12 kN/m

Dividing the three design values by the values of kmod  for the corresponding 

load durations (0.6, 0.8, 0.9)  we obtain 9.82, 9.05  and 12.36, so it can be 

seen that the  short- term load case is  critical.

A.3  Critical  short- term load case – normal design situation

A.3.1  Design values of load and strength properties

The design value of the load for the  short- term load case 

(BS  EN  1990 (6.10))  =  ÂGd   +  Qd,1   +  y0,2Qd,2  =  

5.89  +  3 .88   +  0.7  ×  1 .35  A.2.8  =  10.72 kN/m

http://dx.doi.org/10.3403/03202162U
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Design values of strength properties for the  short- term 

load case

 fm,d  =  fm,k   ×  kh   ×  kmod/gM   =  44.0  ×  1 .02  ×  0.90/1 .2 =  33.7 N/mm2

 fv,d   =  fv,k   ×  kmod/gM  =  3 .08  N/mm2

A.3.2 Shear force and bending moment

Fv,d, maximum design shear force =  10.72  ×  2580/2 =  13830  N

Md, maximum design bending moment =  

10.72  ×  25802/8   =  8 .92  ×  106   N mm

A.3.3 Shear strength

Design shear stress td   =  1 .5Fv,d/A = 1 .5   ×  13830/13260 = 1 .56 N/mm2

fv,d  of 3 .08   >  1 .56, therefore shear strength is adequate

A.3.4 Bending strength

Design bending stress sm,d   =  Md/Wy = 

8 .92  ×  106/574.6  ×  103  =  15.52 N/mm2

fm,d  of 33.7  >  15.52, therefore bending strength is adequate

A.3.5 Bearing strength

This will be governed by the bearing area required in the blockwork wall.

A.3.6 Def ection

Serviceability load on beam (partial factors  =  1 .0)  

(BS  EN  1990 (6.14b))

pser   =  ÂGk   +  Qk,1   +  Qk,2   =  4.36  +  2.58   +  0.9 =  7.84 N/mm

 Quasi- permanent creep load on beam (BS  EN  1990 (6.16b))

pcreep   =  kdef(ÂGk   +  y2,1Qk,1   +  y2,2Qk,2)  =  0.8(4.36  +  0  ×

 2.58   +  0.3   ×  0.9)  =  3 .70 N/mm

http://dx.doi.org/10.3403/BSEN1995-1
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Hence f nal bending def ection

 =  5(pser   +  pcreep)ℓ
4/384EmeanI

 =  5   ×  (7.84  +  3 .70)   ×  25804/(384  ×  

 13800  ×  74.70  ×  106)  =  6.46 mm

Final def ection limit for members with attached 

plasterboard from the UK national annex to 

BS  EN  1995-1 -1   =  ℓ/250  =  2580/250 =  10.32 mm

10.32  >  6.46 therefore the bending stiffness is  adequate.

(A shear def ection calculation is unnecessary since shear 

def ection is normally  < 10%  bending def ection.)

The next smaller standard depth of LVL is 200 mm.

This would def ect by 6.46  ×  (260/200)3  = 14.19 mm

which exceeds the recommended def ection limit of 

10.32 mm.

Therefore the selected 51  mm  × 260 mm section is adequate.

4 Fire  – accidental design situation

4.1  Charring rates

According to BS  EN  1995-1-2 Clause  3.4.3.3(2), 12.5  mm thick Type  A or 

Type  F gypsum plasterboard will provide 21   min of full f re protection for any 

type of softwood beam. After this a beam protected by Type  A plasterboard 

will char at a rate of 0.8  mm/min (see Table  3 .1  of BS  EN  1995-1-2)  on all 

sides exposed to f re, and a beam protected by Type  F (f recheck)  plasterboard 

will char at a rate of 0.775  ×  0.8   =  0.62 mm/min (BS  EN  1995-1-2 Clause 

3 .4.3.2(1 )  and (2)) . The beam will be designed with initial protection from 

f re to withstand 30  min of f re.

4.2 Charring depth

Using the reduced  cross- section method in BS  EN  1995-1-2 Clause 4.2.2 as 

specif ed in the UK national annex,

def    =  effective charring depth on each face  =  dchar,n   +  d0
     where dchar,n   =  bnt  mm

http://dx.doi.org/10.3403/03174906U
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d0     =  7 mm

bn     =  notional charring rate  =  0.62 mm/min as calculated above

t    =  time from start of charring  =  9  min

Hence def  =  0.62  ×  9   +  7 =  12.58  mm

So the width of 51  mm decreases by 2  ×  12.58  mm to 25.84 mm.

The depth of 260 mm decreases by 12.58  mm to 247.4 mm.

4.3 Properties and factors

Geometrical properties

Af     =  25.84  ×  247.4 =  6393  mm2

Wf    =  25.84  ×  247.42/6 =  263.6  ×  103  mm3

If    =  25.84  ×  247.43/12 =  32.61   ×  106  mm4

Factors for LVL (Accidental loading, f re)  from BS  EN  1995-1-1  and 

BS  EN  1995-1-2

Kmod,f  =  1 .0   (BS  EN  1995-1-2 Clause 4.2.2(5))

kdef =  0.8

kh,f  =  min[(300/h) s, 1 .2]  (BS  EN  1995-1-1  Clause 3.4(3))

  =  min[(300/247.4)0.12, 1 .2]   =  min[1 .61 ,1 .2]    =  1 .2

gM,f  =  1 .0 for LVL

Partial load factors from BS  EN  1990 National Annex Table  A1 .1

y1     =  0.2 for snow

y2    =  0.3  for f oor imposed loads

4.4 Design values of load and strength properties

Design load for accidental situations:

 =  ÂGk   +  y1 ,1Qk,1   +  y2,1Qk,2   (BS  EN  1990 expression (6.11b))

As before:

ÂGk = 4.36 kN/m (dead)

Qk,1  = 2.58  kN/m (snow)

Qk,2  =  0.90 kN/m (f oor imposed)

Hence design load for f re =  4.36  +  0.2  ×  2.58   +  0.3   ×  0.90 =  5.15  kN/m

http://dx.doi.org/10.3403/BSEN1995-1
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20% fractile strength properties for LVL are obtained by increasing the char-

acteristic values by a factor of 1 .1  (BS  EN  1995-1-2 Clause 2.3(3)) .

Design values of strength properties:

fm,d   =  1 .1fm,k   ×  kh,f   ×  kmod,f /yM,f   =  1 .1   × 44.0  × 1 .2  × 1 .0/1 .0 = 58.1  N/mm2

 fv,d= 1 .1fv,k   ×  kmod,f /yM,f  =  1 .1   ×  4.1   ×  1 .0/1 .0  =  4.51  N/mm2

4.5 Shear force and bending moment

Fv,d,f , maximum design shear force  =  5.15   ×  2580/2 =  6644  N

Md,f , maximum bending moment  =  5.15   ×  25802/8  =  4.29  ×  106 Nmm

4.6 Shear strength

Design shear stress td   =  1 .5Fv,d,f /Af   =  1 .5   ×  6644/6393  =  1 .56 N/mm2

fv,d  of 4.51   >  1 .56, therefore the shear strength is adequate.

4.7 Bending strength

Design bending stress sm,d   =  

Md,f /Wf   =  4.29  ×  106/263.6  ×  10
3  =  16.27 N/mm2

fm,d  of 58.1   >  16.27, therefore the bending strength is 

adequate.

4.8 Bearing strength

This will be governed by the bearing area required in the blockwork wall. 

BS  EN  1995-1-2 states that for f re design the effects of compression perpen-

dicular to the grain may be ignored.

4.9 Def ection

There are no recommended def ection limits for f re design according to 

BS  EN  1995, and deformation has to be considered only where it affects 

the means of protection or the design criteria for separating elements 

(BS  EN  1995-1 -2 Clause 2.1 .1 (3)) . In this case the plasterboard is required to 

retain its integrity for the f rst 21  min of a f re.

http://dx.doi.org/10.3403/03176671U
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http://dx.doi.org/10.3403/03176671U
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As previously calculated, in normal design the serviceability load is 7.84 N/mm 

and the  quasi- permanent creep load is 3 .70 N/mm giving a total design load 

of 11 .54 N/mm and a f nal bending def ection of 6.46 mm with an I value of 

74.70  ×  106  mm4.

In f re design the reduced design load is 5.15  N/mm and the  quasi- permanent 

creep load is 3 .70 N/mm giving a total design load of 8 .85  N/mm. The f nal If  

value is  32.61   ×  106  mm4.

By scaling the bending def ection at 21  min =

6.46  ×  8 .85/11 .54 =  4.95 mm

10.32  >  4.95 so the plasterboard should not crack at this stage.

By scaling the f nal bending def ection in f re with a reduced 

 cross- section =  4.95  × 74.70/32.61  =  11 .34 mm

This is only a little over the recommended f nal def ection limit of 10.32 mm 

previously calculated for members with attached plasterboard, so it is 

unlikely to cause any serviceability problem. Therefore the bending stiffness 

is adequate.

Therefore the selected 51  mm  × 260 mm LVL beam should be protected by 

one layer of 12.5  mm Type  F gypsum plasterboard with all joints f lled before 

skimming.

http://dx.doi.org/10.3403/BSEN1995-1
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Web contact details for further 
information and training

Aluminium matter

http://aluminium.matter.org.uk/content/html/eng/default.asp?catid=&pageid=1

BSI

http://shop.bsigroup.com/en /Browse- by- Subject/Eurocodes/?t=r

eurocode6.org

http://www.eurocode6.org/

eurocode7.com

http://eurocode7.com/

Eurocode expert

http://www.eurocodes.co.uk/

International Masonry Society

http://www.masonry.org.uk/

Joint Research Centre

http://eurocodes.j rc.ec.europa.eu/

The Concrete Centre

http://www.concretecentre.com/

The Concrete Society

http://www.concrete.org.uk/

The Institution of Civil Engineers

http://www.ice.org.uk/homepage/index.asp

The Institution of Structural Engineers

http://www.istructe.org/

http://shop.bsigroup.com/en /Browse- by- Subject/Eurocodes/?t=r
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The Society for Earthquake and Civil Engineering Dynamics

http://www.seced.org.uk/

The Steel Construction Institute

http://www. steel- sci.org/

TRADA

http://www.trada.co.uk/

http://www. steel- sci.org/
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