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Abstract 

Keywords:       Nationally Determined Parameters (NDPs), Eurocode 2, Comparison, Concrete 
Structures. 

Since the main ambition of the European community is to create a Single Market among the 
European countries, a unified set of structural design codes recently became mandatory to use. These 
standards, the Eurocodes, contain Nationally Determined Parameters (NDPs) that have to be fixed by 
the National Standard Bodies in the various countries.  

The investigation of the adopted values for Eurocode 2 in seven European States has been 
carried out in this thesis for quantifying the differences that arise from the selected values of these 
parameters. The aim of this investigation was to find out which countries are advantaged or 
disadvantaged by the choice of the value of these parameters. The analysis has been limited to the Part 
1-1 of Eurocode 2 that concerns “General Rules for Buildings” and the most important parts of 
Eurocode 0 and 1. The investigated countries were Denmark, Finland, France, Germany, Italy, Sweden 
and the United Kingdom. Even if these countries represent only seven out of 27 EU States, this 
comparison gives a good view of the European situations since they cover nearly half of the 
continental concrete consumption. The analysis includes a theoretical comparison of the national 
choices of all the 170 national parameters as well as their influence on the more important formulas 
contained in the Code. Five practical case studies concerning the design and the verification of some 
structural elements have been carried out in order to study the differences in real and common design 
situations. Through all the work, the different choices have been compared to the recommended 
values proposed by the Eurocode that have been used as a mean of comparison.  

Due to the large number of parameters and the complexity of the problem it has not been 
possible to estimate and quantify general trends of differences for the countries although Finland, 
France, Italy and the United Kingdom have been found to have, in general, more disadvantageous 
choices than the other States. Moreover, Denmark and Germany show variable trends (both above and 
below the recommended values) while Sweden is always close to the recommended values. The 
results that have been found show that still a lot of work and research has to be done in order to 
achieve an even set of structural standards for the design of concrete structures. A list of more 
important national parameters has been presented as well as a proposal to convert some national 
parameters to fixed ones. The analysis and the results that have been obtained give details and 
indications about the future works that need to be done for decreasing the differences among the 
European countries. 
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Sammanfattning 

Nyckelord: Nationellt valda parametrarna, Eurokod 2, Betongkonstruktioner, Jämförelse. 

Eftersom den huvudsakliga avsikten inom EU är att skapa en gemensam marknad inom de 
europeiska länderna blev det nyligen obligatoriskt att använda ett system av byggkonstruktionsregler. 
Dessa standarder, Eurokoderna, innehåller nationellt valbara parametrar som skall fastställas av de 
nationella standardiseringsorganen i de skilda länderna. 

En undersökning om de nationellt valda parametrarna i sju länder har genomförts i föreliggande 
examensarbete för att kvantifiera skillnaderna som uppstår p.g.a. de valda värdena på dessa 
parametrar. Syftet med undersökningen var att klargöra vilka länder som gynnas respektive 
missgynnas av valet av dessa parametrar. Undersökningen har begränsats till del 1-1 av Eurokod 2 
som innehåller allmänna regler för dimensionering av betongkonstruktioner. De undersökta länderna 
var Danmark, Finland, Frankrike, Italien, Storbritannien, Sverige och Tyskland. Även om dessa länder 
bara omfattar sju av 27 medlemsländer ger de en god bild över den europeiska situationen eftersom 
de tillsammans täcker nästan hälften av hela Europas betongkonsumtion. Analysen innehåller en 
teoretisk jämförelse av de nationella valen av samtliga 170 valbara parametrar liksom deras påverkan 
på de viktigaste formlerna i Eurokod 2. Fem praktikfall om dimensionering och kontrollberäkning av 
några konstruktionselement har genomförts i syfte att studera skillnaderna i några verkliga och 
vanliga dimensioneringssituationer. Genom hela arbetet har de olika valen jämförts med 
Eurokodernas rekommenderade värdena som använts som referensvärde. 

P.g.a. det stora antalet parametrar och problemets komplexitet har det inte varit möjligt att vare 
sig uppskatta eller kvantifiera allmänna trender avseende skillnaderna mellan länderna även om 
Finland, Frankrike, Italien och Storbritannien observerats ha gjort mer missgynnsamma val än övriga 
länder. Danmark och Tyskland uppvisar vidare varierande trender (både över och under de 
rekommenderade värdena) medan Sverige alltid ligger nära de rekommenderade värdena. 
Examensarbetets resultat visar att det krävs ytterligare arbete för att nå en mer likformig standard för 
dimensionering av betongkonstruktioner. En förteckning över de viktigaste nationellt valbara 
parametrarna presenteras i examensarbetet liksom ett förslag på ett antal parametrar som skulle 
kunna omvandlas till parametrar med fixa värden. Genom analysen och resultaten har det 
utkristalliserats ett antal förslag till fortsatt arbete för att minska skillnaden mellan de europeiska 
länderna. 
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Sommario 

Parole Chiave:       Parametri Nazionali, Eurocodice 2, Comparazione, Strutture in calcestruzzo. 

La Comunità Europea ha creato, negli ultimi decenni, codici per la progettazione strutturale con 
lo	   scopo	   di	   uniformizzare	   le	   normative	   sul	   design	   strutturale	   in	   Europa.	   Quest’azione	   rientra	   nel 
progetto che ha come scopo quello di creare un mercato unico Europeo. Queste normative, gli 
Eurocodici, sono diventate coercitivamente la base dei codici di ciascuno stato e contengono Parametri 
Nazionali che devono essere stabiliti dagli enti normativi di ciascuno stato membro. 

Questa tesi di Laurea Magistrale ha investigato	   i	   valori	   adottati	   nell’Eurocodice	   2	   e	   in	   alcune	  
parti degli Eurocodici 0 e 1 da sette Stati Europei. Lo scopo principale consiste nel quantificare le 
differenze causate dalla variazione di questi parametri. In particolare, si è voluto investigare quali Stati 
traggono vantaggi e quali vengono penalizzati dalle scelte fatte in termini di efficienza, costi e 
inquinamento ambientale.	   L’analisi	   è	   stata	   limitata	   alla	   Parte	   1-1	   dell’Eurocodice	   2	   che	   riguarda	  
“Regole	   generali	   e	   regole	  per	   edifici”	   più	   alcuni parametri degli Eurocodici 0 e 1. I Paesi investigati 
sono: Danimarca, Finlandia, Francia, Germania, Italia, Svezia e Regno Unito. Sebbene gli Stati oggetto di 
studio siano solo sette, sui	  ventisette	  totali	  che	  compongono	  l’Unione	  Europea,	  questo	  lavoro ha dato 
una buona visione della situazione Europea in quanto i suddetti Stati coprono quasi il 50 % del 
consumo di calcestruzzo nel Vecchio Continente.  

L’analisi	  ha	  incluso	  una	  comparazione	  a	  livello	  teorico	  delle	  scelte	  fatte	  per	  ciascuno	  degli	  oltre	  
170 parametri nazionali e della loro influenza sulle formule più importanti del Codice. Inoltre, sono 
stati condotti cinque Case Studies sulla progettazione e verifica di elementi strutturali al fine di 
studiare	   l’influenza	  dei	  parametri	  su	  casi	   frequenti nella pratica comune. Ogni comparazione è stata 
effettuata	  rispetto	  ai	  valori	  raccomandati	  proposti	  dall’Eurocodice. 

Il grande numero di parametri e la complessità del problema ha reso impossibile stimare e 
quantificare comportamenti generali delle differenze tra gli Stati. Tuttavia si è riscontrato che 
Finlandia, Francia, Italia e Regno Unito hanno, in generale, adottato parametri svantaggiosi rispetto 
agli altri. Inoltre, Danimarca e Germania hanno presentato differenze talvolta svantaggiose talvolta no, 
con una variabilità marcata; la Svezia, adottando sempre valori vicini a quelli raccomandati, risulta lo 
stato piu avvantaggiato.  

I risultati ottenuti dimostrano che, in Europa, c’è	   ancora	   la	   necessità	   di	   ulteriore lavoro per 
raggiungere	   un’uniformità	   degli	   standard	   riguardanti le strutture in calcestruzzo armato e in 
calcestruzzo armato precompresso. Il lavoro ha inoltre evidenziato la presenza dei parametri nazionali 
più importanti e ne ha proposto la conversione di altri in parametri fissi. I risultati ottenuti danno 
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indicazioni e dettagli sugli sviluppi futuri dell’Eurocodice	  2, necessari per ridurre le differenze tra gli 
Stati equalizzando il mercato. 

. 
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Notation 

Abbreviations 
 
AFNOR Association Française the Normalisation (French National Standards Body) 
Bt  Billion of tons. 
CEMBUREAU The European Cement Association (Austria, Belgium, Bulgaria, Croatia, Czech 

Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, 
Italy, Latvia, Lithuania, Luxembourg, Netherlands, Norway, Poland, Portugal, 
Romania, Slovenia, Spain, Sweden, Switzerland, Turkey and United Kingdom) 

CEN Comité Européen de Normalisation (European Standardisation Organisation) 
CEN/MC CEN Management Centre 
CEN/TC250 CEN	  Technical	  Committee	  250	  “Structural	  Eurocodes” 
CIS Commonwealth of Indipendent States (Member states are Armenia, Belarus, 

Kazakhstan, Kyrgyzstan, Moldova, Russia, Tajikistan, Turkmenistan, Ukraine and 
Uzbekistan). 

CPD Construction Products Directive (is the Council Directive 89/106/EEC amended 
by 93/68/EEC) 

DE Germany (according to ISO 3166-1 alpha 2) 
DIN  Deutsches Institut für Norung (German National Standards Body) 
DK Denmark (according to ISO 3166-1 alpha 2) 
DS Dansk Standard (Danish National Standards Body) 
EC Eurocode 
ECSC European Coal and Steel Community 
EEC European Economic Community (also called EC) 
EFTA European Free Trade Association (Iceland, Norway, Switzerland, Liechtenstein) 
EN European Standard 
ENV Provisional European Standard 
ER Essential Requirement 
ETA European Technical Approval 
EU European Union 
EU 27  European Member States (Austria, Belgium, Bulgaria, Cyprus, Czech Republic, 

Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, 
Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania, 
Slovakia, Slovenia, Spain, Sweden, United Kingdom) 
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EURATOM European Atomic Energy Community 
FI Filand (according to ISO 3166-1 alpha 2) 
FR France (according to ISO 3166-1 alpha 2) 
IT Italy (according to ISO 3166-1 alpha 2) 
Mt Millions of tons 
NDP Nationally Determined Parameters 
NSB National Standards Body 
SE Sweden (according to ISO 3166-1 alpha 2) 
SFS Suomen Standardisoimisliitto (Finnish National Standards Body) 
SIS  Swedish Standards Institute 
SLS Serviceability Limit State 
U.S. United States of America 
UK The United Kingdom (according to ISO 3166-1 alpha 2) 
ULS Ultimate limit state 
UNI  Ente Nazionale Italiano di Unificazione (Italian National Standards Body) 
r.v. Recommended value 
 
 
 
 
 

Definitions 
 
Boxed value: The boxed value, used at the ENV stage together with the National Application 

Documents, offered a National Choice for a value. It is disappeared in the EN 
Eurocodes. 

Equivalent Carbon Dioxide (𝑪𝑶𝟐-e): is the concentration of 𝐶𝑂  that would cause the same 
level of radiative forcing as a given type and concentration of greenhouse gas. 
Examples of such greenhouse gases are methane, perfluorocarbons and nitrous 
oxide.    𝐶𝑂 -e can be expressed as parts per million by volume, ppmv. 

Inner Six: Former member of European Economic Community (Belgium, France, Germany, Italy,  
Luxembourg, Netherlands) 

National Annex: Annex to an EN Eurocode Part containing the Nationally Determined 
Parameters  (NDPs) to be used for the structural design of buildings and civil 
engineering works in a Member State. 

Nationally Determined Parameters: A National Choice left open in a EN Eurocode about the 
values (where symbols are given in the EN Eurocode), classes or alternative 
methods permitted within the EN Eurocode. 

Recommended value: the value of a Nationally Determined Parameter proposed by the 
Eurocode. 
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Chapter 1  
 
Introduction 

1.1 Background 

In 1975, the Commission of the European Community decided on an action programme in the 
field of construction. The scope of the programme was the elimination of technical obstacles to trade 
and the harmonisation of technical specification according to the New Approach ideas in order to 
facilitate the development of the Single Market. For fifteen years, the Commission conducted the 
development of the Eurocodes programme. In 1989, the Commission and the Member States decided 
to transfer the preparation and the publications of the Eurocodes to CEN through a Mandate, in order 
that they would, in the future, have the status of European Standards. The result is a Suite of ten 
Eurocodes that covers the most common types of structures and materials.  

The single market that could be achieved only by removing all the barriers among Members 
States requires uniform standards in all Member States. This was possible only in part, because the 
CEN Technical Committee recognized that some parts of the Eurocodes must be personalized for each 
Country due to the differences in geographical ad geological aspects, climate conditions, ways of life 
and different levels of protection required. The results were Eurocodes with Nationally Determined 
Parameters (NDPs) that are values, classes or alternative methods to be determined at national level 
by the National Standards Bodies. It is important to highlight that, following the New Approach 
philosophy, the principles of Eurocodes are the same in all Countries while only parameters of 
secondary importance change from one Country to another. At first sight, it could seem that these 
parameters	  wouldn’t	  change	  so	  much	  the	  results	  in	  structures.	  But	  looking	  carefully,	  we	  can	  see	  that	  
different sets of parameters make differences that are not negligible at all. In particular, the Eurocode 
that concern concrete structures has a large number of NDPs.  
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1.2 Aim, Scope and Limitations 

The aim of this work is to investigate, study and compare the differences of the concrete 
structures among different European Countries due to the Nationally Determined Parameters that 
each Country has to define in its National Annex.  

The aim of this thesis is not to analyse the differences about the safety of structures and how 
NDPs	   affect	   it.	   According	   to	   the	   Guidance	   Paper	   L	   “Application	   and	   Use	   of	   Eurocodes”,	   the	  
determination of the levels of safety is, and remains, within the competence of the Member States. For 
this reason, in this thesis, it will be assumed that all	  Countries	  have	  done	  a	  “safe”	  choice	  of	  parameters	  
and the levels of safety will never be discussed. Moreover, the level of safety required in a certain 
Country is one of the aspects that the Country takes into account when deciding its set of NDP, and 
could not be a consequence.  

Furthermore, this thesis does not pretend to demonstrate if one set of NDPs is better than 
another or to find which Country has done the best choice. Moreover, it would not be easy to define 
the perfect set of parameters because if a choice is good for safety it will probably be bad for 
environment and efficiency and so on and so forth. Assuming that we must stay above a certain value 
of safety, defining the perfect set of values remains mainly a philosophical and political decision. In 
fact, it will only depend on the importance and weight that we give to safety, efficiency, economy and 
environment. On the opposite, this thesis just want to highlight the differences among countries 
caused by different sets of values and discuss about the consequences under the structural efficiency 
point of view. So, the main point is to investigate how the efficiency of concrete structures changes 
from one Country to another. Moreover, there will be a hint of the influences of the NDPs choices 
under the environment and economical points of view, because of these are two important aspects but 
are not the main scopes of this thesis. 

This work focuses only on the national choices of the parameters of EN 1992-1-1 “Eurocode	  2:	  
Design of Concrete Structures – Part 1-1:	  General	   rules	  and	   rules	   for	  buildings” and some parts of EN 
1991 “Eurocode	   1:	   Actions	   on	   Structures” because the loads play an important role in the design of 
structures.  

The selection of countries to investigate has been done according to the easiness of obtaining 
their National Annex and trying to have Countries spread all over Europe. Besides the obvious choice 
of Italy and Sweden, there are France, Germany, Denmark, Finland and UK as well. So, it is not a 
complete work that comprehends all European Countries because of two main reasons. First, this 
thesis concerns a general method for having a quick and easy comparison of the differences caused by 
different NDPs (Nationally Determined Parameters) choices. This method could then be used for other 
countries. Second, having all the National Annexes would be too expensive, useless and confusing.  

It will be also investigated if Sweden, with its choice of parameters, is competitive or not in 
comparison to other European Countries.  More precisely,	  Sweden	  has	  done	  a	  “polite”	  choice,	  adopting	  
mostly the values of NDPs recommended by the Eurocode except few parameters for which have been 
chosen values very close to the recommended ones. 

Some Case Studies are presented in order to demonstrate with numbers the influence of NDPs 
on real elements. The case studies concern simple elements and try to cover mostly all the chapters of 
Eurocode 2 and especially those parts that contain a lot of NDPs. They are not case studies about entire 
structures, but they concerns single elements in order to try to separate the influence of one –or more- 
parameters from others NDPs. In fact, using complex structures will not be possible to separate the 
influence of certain parameters. 

Last but not least, since the Maintenance Program of Eurocodes has the objective to reduce the 
open choices of NDPs for obtaining an even more uniform set of norms through Europe, a secondary 
scope of this thesis is to highlight those NDPs that do not cause appreciable diversities among 
countries, in order to suggest their conversion into fixed values.  Therefore, also results that 
demonstrate that different choices of certain NDPs produce no diversities are considered useful 
results.  
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1.3 Outline of the Thesis 

The Second Chapter presents a brief analysis about the European economy of cement and 
concrete and especially goes through the amount of concrete that is used in Europe every year. The 
aim of this analysis is to define the dimension and the importance of this work. This is because a small 
change in a certain parameter could lead to small changes in a structure alone, but if we multiply these 
differences for all the structures that are built every year, we will obtain huge diversities. Moreover, 
since concrete is one of the most used materials, the codes that regulate its use affects many different 
aspects that I will discuss afterwards. 

In the Third Chapter there is a presentation of the Eurocodes, the legal situation in the EU-
countries and a description of the procedures that have been used by CEN to draw up Eurocodes. The 
history shows that this is a recent problem, in fact EU member countries have started adopting 
Eurocodes just in the last years as the use of ECs is compulsory since 2010 and therefore the use of 
their national codes is not allowed any more. In this chapter there is also a deep discussion about the 
New Approach and the European Philosophy used for creating a Single Market because of these are the 
foundations on which Eurocodes have been developed. Briefly, on one hand there is the need to create 
harmonized standards throughout Europe to remove barriers in economy; while, on the other hand, 
there is the necessity to adapt standards to the possible differences in geographical or climate 
conditions, in ways of life, as well as different levels of protection. NDPs are made with the aim of 
permitting every Member States to find its equilibrium on this matter. The last part of the Chapter will 
focus on the history, structure and development of the Eurocodes. It follows then a part concerning the 
future of Eurocodes. 

As described in Chapter Four, there are different types of Nationally Determined Parameters and 
they are more than 1500 all over the ten Eurocodes. In this part of the work there is a short analysis of 
the number and types of NDPs in the ten Eurocodes with a deeper analysis of those contained in 
Eurocode 2. This Chapter will continue with one of the main topic of this thesis that consist into a 
detailed analysis of the national parameter one by one trying to estimate, in a general way, the 
differences that each parameter cause on the formulas. The results will then be checked throughout 
the case studies of Chapter Five. This Chapter is therefore the most important because it covers all the 
most common situations. 

Chapter V presents five case studies that have the aim to show in a practical way the differences 
that arise during the design or the verification process. The first two case studies comprehend also the 
influences of the NDPs of EC1 and EC0. The last three are more related to the Eurocode 2. It is 
important to underline that the results of these case studies have not a general value and are only 
practical examples of particular problems. 

The result obtained are analysed in Chapter Six under different points of view in order to 
quantify the influence of parameters in a complete way. It  contains therefore discussion on the 
influence of the NDPs under the efficiency, economic and environmental point of view. 

1.4 Original Features 

The work consists into a general method for estimating, with real and simple case studies, the 
differences into the design of elements in different countries. This work could be suitable for 
universities, construction or design companies, material producers and several other bodies that work 
in different countries in Europe. In fact, it is essential to remember that these differences caused by 
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NDPs when a company or university have to deal with foreign structures or works. Few studies on this 
problem have been done so far. This is probably due the fact that the importance of this problem has 
always been underestimated. Among the few studies about NDPs of Eurocode 2 there is the work done 
by	  the	  European	  Commission’s	  Joint	  Research	  Centre	  (JRC).	  This	  investigation	  should	  be	  very	  precise	  
and involves all the EU Countries, but it is accessible only to few authorized people. For this reason, the 
results are not published. Companies that produce software for computer-aid design have done other 
works on this topic. These works are not focusing on the differences of structural efficiency as this 
work is.  

Moreover, this work could be placed in all the future plans related to Eurocode and, in particular, 
it follows the recommendations given by European Commission through the Guidance Paper L 
(European Commission, 2003) that consist into (i) do research on the Eurocodes, (ii) try to reduce the 
number of NDPs reaching an even more uniform set of rules for designing. 

It is also a new work for study if Sweden and Italy are advantaged or not in comparison to other 
European States in the use on concrete. 
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Chapter 2  
 
The	  Use	  of	  Concrete	  in	  Europe  

2.1 Introduction 

Before starting the investigation, it is important to quantify both the dimension and the 
importance of the problem discussed in this thesis. The former depends upon the annual consumption 
of concrete, while the latter depends upon two aspects: firstly, the efficiency of the structures that we 
must achieve for saving materials and money; secondly, the energy consumption and greenhouse gas 
production of the cement and concrete producers. 

This chapter will roughly define the dimension of the world affected by the Eurocode 2 through 
a description and an analysis of the European cement market and construction sector; while, the 
importance of this work will be discussed deeply in chapter four.  

In the past, different codes used in different countries caused different exploitation of concrete. 
Nowadays, the use of the same code in all Europe has reduced this difference, but due to NDPs, there 
are still some differences that this work tries to highlight. The influence of certain NDPs can be 
calculated multiplying their effect (in percentage) by the total amount of material consumed in a 
country. At this point, the differences among countries could be showed in terms of total amount of 
concrete saved or wasted with respect to other states. This aspect is strictly correlated to the cost and 
efficiency of the structures. In fact, in general, the less material you use the cheaper and more efficient 
the structure is. That is, however, only a general consideration, because too complicated geometry may 
save material but cost more. 

The analysis presented here will not be precise and accurate because it just needs to define the 
order of magnitude of the amount of concrete used every year in Europe and in the seven countries 
compared in this thesis (Denmark, Finland, France, Germany, Italy, Sweden and United Kingdom). 
Eurocode 2 directly affects the use of concrete since all the concrete structures must be designed 
following this code. It is obvious that the whole amount of consumed concrete is not only used for 
structural purpose, but –as stated above- it is not necessary to be very precise and so these particulars 
will be neglected. The sources of the majority of the data are the documents published by CEMBUREAU 
that is the European Cement Association based in Brussels. Its full members are Austria, Belgium, 
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Bulgaria, Croatia, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, 
Ireland, Italy, Latvia, Lithuania, Luxembourg, Netherlands, Norway, Poland, Portugal, Romania, 
Slovenia, Spain, Sweden, Switzerland, Turkey and United Kingdom. CEMBUREAU countries except 
Croatia, Norway, Switzerland and Turkey plus Cyprus, Malta, Slovak Republic forms the EU 27 
countries. 

2.2 Main Characteristics of Cement 
Industries 

According to the CEMBUREAU (2011a) data, cement industry is a capital-intensive industry. The 
cost of cement plants is usually above 150 Millions of euro per millions of tons of annual capacity, with 
correspondingly high cost for modifications. The cost of a new cement plant is equivalent to around 3 
years of turnover, which ranks the cement industry among the most capital-intensive industries. Long 
time periods are therefore needed before investments can be recovered. Moreover, plant 
modifications have to be carefully planned and must take account of the long-term nature of the 
industry. Each ton of cement produced requires from 60 up to 130 kilograms of fuel or its equivalent, 
depending on the cement variety and the process used, and about 105 kWh of electricity. These 
industries have low labour intensity. With the development of modern automated machinery and 
continuous material handling devices, the cement industry has become a process industry using a 
limited amount of skilled labour. A modern plant is usually manned by 100 people or a little more. In 
the EU the cement industry represents 58,000 direct jobs. In CEMBUREAU countries, it represents 
approximately 72,000 direct jobs. 

Although produced from natural raw materials which vary from plant to plant because of the 
sourcing is made in the vicinity of the industry, cement can be considered as a standard product. In 
fact, the European Norm EN 197-1:2000	  “Cement	  – Part 1: Composition, specifications and conformity 
criteria	  for	  common	  cements”	  recognizes	  only	  five	  main	  classes	  of	  cement.	   

Products from different producers can generally be interchanged, especially if they are one of 
the five classes mentioned above. Therefore, price is the most important sale parameter, quality 
premiums exists but are rather limited. This is due to the fact that the two European Norm EN 206-
1:2000	  “Concrete	  – Part	  1:	  Specification,	  performance,	  production	  and	  conformity”	  (CEN,	  2000b)	  and	  
EN 197-1:2000 (CEN, 2000b) being widely used, they have created a unified and even market of 
cement and concrete.  

Costs of transportation across the land are significant because of the weight of the cement 
powder and it used to be said that cement could not be economically transported beyond 200 or at 
most 300 km. The price of long truck transportation may even be higher than the material cost. The 
only mean of transport that permits to go beyond the above distance is bulk shipping. In fact, now it is 
cheaper to cross the Ocean with 35,000 tons of cargo than to truck it for 300 km. However, in large 
countries transportation costs normally restrict the markets into regional areas, with exception of few 
long-distance transfers due to the absence of raw material, industries or the possibility of transporting 
by sea. 
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2.3 The Cement Production and 
Consumption 

Cement was discovered in the early XIX Century and a significant date is 1824 when Mr. Aspdin 
registered his patent of the invention of Portland cement. Since that date, the cement demand 
increased considerably and is still increasing today. Consumption in industrialized countries was 
multiplied by 6 or 8, following World War II. Other than a few ups and downs in both United States and 
Europe in the intervening years, growth continued until the 1975 oil crisis – with a subsequent decline 
of 20 to 40 per cent in mature markets (CEMBUREAU, 2011a). However, over the last 25 years, some 
European countries have doubled or even tripled their consumption, since they have experienced 
significant growth over the last 10 years.  Consumption of cement is closely linked to the state of 
economic development in any given country or region. In mature markets, such as Europe, where 
cement consumption per capita still varies considerably from one country to another, cement sales are 
dependent on evolution and habits in the construction sector, a sector that is itself following very 
closely –usually after a brief delay- the evolution of the economy in general. In developing countries 
concrete consumption is related to the economic development. In the last few years the cement 
production of China and India has experienced an incredible growth. China has become the first 
cement producer in the world (CEMBUREU, 2009). 

2.3.1 The World trend 

After the 2008 crisis, which originated in the U.S. financial and housing markets, the 2009 world 
economy experienced the steepest drop in global activity and trade since World War II. The global 
crisis affects the world economy and produced a general shrinkage of demand and trade flows, with a 
drop in world output of about 2 %. As it usually happens, the construction sector has suddenly 
followed the negative trend of world economy. As it is clear to see in Figure 2.1, the result is a decrease 
of cement production volumes in most of the advanced economies. However, even though the effects 
of 2008 crisis are still present today, the world cement production for 2009 is estimated at 3 Bt 
(billions of tons), increasing by 6.4 % compared to 2008. Table 2.1 shows that 2.6 Bt (87 % of the 
estimate world production) is produced by only 21 countries.  

 
Figure 2.1. Total cement production between 2003 and 2009 of the 21 main producer countries. Source: 

CEMBUREAU (2009). 
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As Figure 2.3 shows, this global positive trend is the results of opposite trends in different 
countries. China reached a record coverage of 54 % of the global production with an increase in 
production of 17.9 % up to 1.63 Bt (see Figure 2.2). This proved to be of major importance when 
determining the overall positive world performance. In fact, China's performance hides the negative 
trends of many other Countries. India, by far the second largest producer, confirmed a growing trend 
to 187 Mt (millions of tons) with, however, a poor increase of 1.9 % when compared to the 2008 
growth of 7.5 %. The U.S. and Japan continued their negative growth results of 2008. In the two 
countries, cement production fell by 17 % and 13 % respectively. As Figure 2.3 shows, a collapse in 
output volumes in the Russian Federation was characterized by a decline of more than 15 % in 
addition to the 12% drop from the previous years. CEMBUREAU countries accounted for about 8.6 % 
of world cement production while, looking at the EU 27 Member States, these absorbed 6.7 % of global 
cement volumes (CEMBUREAU, 2009). 
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Table 2.1. Cement production of the 21 main producer countries of the world. Source: CEMBUREAU (2009). 
*Estimation. 

 Production (Millions of tons) 
 2003 2004 2005 2006 2007 2008 2009 

China 862.5 967.8 1076.6 1253.5 1377.8 1395.3 1637.1 
India 126.7 136.9 146.8 162.0 172.9 186.1 193.1 

U.S.A. 92.9 97.4 99.4 98.2 95.5 86.5 71.9* 
Japan 73.8 72.4 72.7 73.2 71.4 67.6 59.6 

Turkey 38.1 41.3 45.6 49.0 50.8 53.4 57.6 
Iran 30.5 32.2 32.6 35.3 40.0 44.4 56.3 

Korea, Rep. Of 59.7 55.8 49.1 51.4 54.5 55.1 52.2 
Brazil 35.3 36.4 39.2 42.4 47.2 52.3 53.3* 

Vietnam 24.1 26.2 30.8 32.7 35.7 36.3 48.0 
Egypt 32.7 35.5 38.9 39.2 40.1 40.1 46.9* 

Russian Federation 41.4 46.2 49.5 55.2 59.9 52.3 47.2 
Indonesia 34.9 37.9 36.1 38.1 39.9 41.8 39.7 

Saudi Arabia 24.1 25.5 26.1 27.0 30.3 37.4 37.8 
Thailand 35.6 36.7 37.9 41.3 43.2 39.5 37.7 

Mexico 31.8 33.2 36.7 39.2 39.9 38.9 37.1 
Italy 43.5 46.1 46.4 47.9 47.5 43.0 36.2 

Spain 44.8 46.6 50.3 54.0 54.7 43.1 30.6 
Germany 33.6 32.7 31.9 33.6 33.4 33.6 30.4 

Pakistan 11.3 14.8 15.8 18.3 26.3 29.2 30.9* 
Malaysia 18.1 18.1 17.7 20.6 20.5 21.6 21.2 

France 19.7 21.0 21.3 22.3 22.3 21.4 18.3 

TOT: 1715.1 1860.7 2001.4 2234.4 2403.8 2418.9 2643.1 

 

 
Figure 2.2. World cement production 2009. Source: CEMBUREAU (2009) 
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Figure 2.3. Cement production evolution 2003-2009 of some countries. The percentage of growth is relative 

to 2003. Source: CEMBUREAU (2009). 

 

2.3.2 European Cement Economy 
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economy that is therefore analysed in detail. 

The trend of cement production of Europe alone after the 2008 crisis presents a negative 
growth. In-fact, in the CEMBUREAU countries, the total cement production have declined by more than 
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twenty-two of these registering a drop of more than 10 %. A modest growth of around 3.5 % was 
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 Also the cement consumption declined compared to 2008 as the result of worsening economical 
conditions in nearly all the CEMBUREAU countries, twenty-seven of which experienced negative 
growth rate (see Figure 2.4).  

 
Figure 2.4. Total cement consumption between 1999 and 2009 of EU and CEMBUREAU (2010 is an 

estimation) Source: CEMBUREAU (2009). 
 

As it shown in Table 2.2, one half of the countries registered a decrease in cement consumption 
of either around 20% or well above this figure (CEMBUREAU, 2009). Also the cement consumption of 
the seven countries (Denmark, Finland, France, Germany, Italy, Sweden and U.K.) experienced a 
negative growth after 2008 crisis (see Figure 2.5).  

The first estimation (CEMBUREAU, 2010a) says that cement activities during the first two 
quarters of 2010 continued to fall despite the slight recovery experienced by the EU27 economy. 
Industrial	  output	  in	  this	  area	  rose	  and	  it	  affected	  the	  construction	  sector’s	  output,	  which	  experienced	  a	  
slight growth. However, these results show only a first sign of recovery after the two-year long drop. 
After the positive results registered in the first half of 2010, EU construction and cement output 
shrank again in the 3rd quarter; despite the EU27 economy was still experiencing a weak recovery. 
This quarter showed positive trends in Finland, Switzerland, the United Kingdom, Germany, France 
and Belgium while Hungary, Czech Republic, Romania, Greece and Bulgaria were involved in a 
negative trend (CEMBUREAU, 2010a and 2010b). 2010 ended with negative results, EU construction 
and cement activities declined on yearly level, despite the overall economic recovery. Construction and 
cement output continues to fall, reaching in December their lowest level since the 2008 slump. In 
2010, cement consumption in the CEMBUREAU countries was estimated at some 4 % below the 2009 
consumption. It further fell of 6 % when taken into account EU countries only (see Figure 2.4) 
accordingly with CEMBUREAU data (2011b).  

It is easier to imagine the dimension of the cement market looking at the per capita consumption 
of cement showed in Figure 2.6. 

The differences of per capita cement consumption are due to numerous causes e.g. style of 
construction, abundance of raw material, historical background et cetera. One scope of this work 
consists into investigating whether the differences due to NDPs could be one of the causes of these 
diversities. In fact, the efficiency of structures made out of different materials like wood, steel or 
concrete also depends on the code that controls its design. So, a low consumption of concrete in a 
certain	  country	  could	  be	  caused	  by	  a	  “too	  expensive”	  choice	  of	  the	  set	  of	  NDPs. 
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Figure 2.5. Cement consumption trend of the seven countries between 1999 and 2009. Source: CEMBUREAU 

(2009). 

 

 
Figure 2.6. Per capita cement consumption of the seven countries. Source: CEMBUREAU (2009). 
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2.4 The European Construction Sector 

The construction sector in EU 27 is composed by four main activities. In 2009 it had a turnover 
of 1,173 Billion Euros. It could be subdivided into the following main activities: new house building, 
rehabilitation and maintenance, civil engineering and non-residential (see Figure 2.7). New house 
building accounts for 18 % of the total sector and comprehends: individual dwellings, apartment 
blocks and social housing schemes. 22 % of the sector consists of civil engineering works that takes 
into account roads, railways, bridges, tunnels, special foundations, electrical works, water supply and 
waste water treatment, works on maritime and river sites. The two main parts of the sector are 
rehabilitation and maintenance that constitutes 29 % of the sector and non-residential construction 
that represents 31 % of the construction world and comprehends: offices, hospitals, hotels, schools 
and industrial buildings (CEMBUREAU, 2009). According to the European Commission (2008), more 
than 11 million people are directly employed by the sector and more than 26 million workers 
somehow depend on the sector. It means, in percentage, that the sector covers 7% of the total 
employment and 28 % of industrial employment in the EU.  

Eurocode 2 influences a large part of the construction sector and therefore plays a very 
important role in the European economy. Obviously, NDPs (which are parts of the code) also affect the 
sector and this thesis will attempt to estimate in which measure. 

 

 
Figure 2.7. Main activities of the construction sector in Europe. Source: CEMBUREAU.  
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2.5 The European Concrete Consumption 

A further step is necessary in order to estimate the amount of concrete used in Europe, since the 
design codes are applicable on concrete structures. In absence of more precise data, the amount of 
concrete used will be roughly estimated on the basis of the amount of cement consumed.  

The estimation has been done using the recommended limiting values for composition and 
properties of concrete given by table F.1 of the European Norm EN206-1:2000. In this table the 
minimum cement content varies between 260 kg/m3 and 360 kg/m3 depending on the exposure 
classes. In order to cover a wide range of cases, the concrete consumption is determined for three 
different cement contents: 300, 330 and 360 kg/m3;	  once	  again	  the	  results	  won’t	  be	  precise,	  but	  they	  
will give an estimation of the concrete that is used every year in Europe. According with Table 2.3, EU 
countries consumed between 1,670 and 1,390 million tons of concrete in 2009, while the seven 
countries studied in this thesis, consumed between 800 and 670 million tons of concrete. These are 
huge amounts of material which give the dimension of the world affected by Eurocode 2. With these 
data it is easily understandable that a difference of a few percentage points of concrete needed for a 
certain element means –over all the countries- a huge amount of material. 

Table 2.3. Estimated concrete consumption in millions of tons in Europe for three different cement contents. 
Figures are given in weight (millions of tons) and in volume (millions of cubic meters). Data are calculated from the 
cement consumption accordingly with CEMBUREAU (2009). 

 
 

Concrete consumption 
(300kg/m3) 

Concrete consumption 
(330kg/m3) 

Concrete consumption 
(360kg/m3) 

 Mt Mm3 Mt Mm3 Mt Mm3 
 Denmark  12.5 5.0 11.3 4.5 10.4 4.1 
 Finland  11.2 4.5 10.2 4.0 9.3 3.7 
 France  169.8 67.9 154.4 61.7 141.5 56.6 
 Germany  211.5 84.6 192.3 76.9 176.2 70.5 
 Italy  299.5 119.8 272.3 108.9 249.6 99.8 
 Sweden  16.0 6.4 14.6 5.8 13.4 5.3 
 U.K.  78.6 31.4 71.4 28.5 65.5 26.2 

 TOT                
(7 countries).  799.3 319.7 726.7 290.6 666.1 266.4 

 EU27  1,666.6 666.6 1,515.1 606.0 1,388.8 555.5 
 CEMBUREAU  2,000.0 800.0 1,818.1 727.2 1,666.6 666.6 
 
In this thesis, on one hand, the differences among countries will be expressed in percentage 

points. This will be useful for estimating the different cost and efficiency of the same structure 
designed in different states. On the other hand, the differences will be expressed in absolute volume of 
concrete in order to have a rough calculation of the concrete saved or wasted in relation to other 
countries. The former procedures will be useful when discussing the NDPs influence over the economy 
and the efficiency of the structures, while the latter will be useful for discovering how NDPs affect the 
environment and in a certain way the economy as well. 
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Chapter 3  
 
Eurocodes	  and	  their	  National	  
Implementation 

3.1 Introduction 

This Chapter will describe and comment the Eurocode background, history, structure and 
properties in order to put this thesis in a clearly defined context. 

Firstly, a short description of the political and geographical background which led to the 
necessity of Eurocodes will be given. In fact, being aware of the background is essential in order to 
understand Eurocodes and their aims. In particular, the Eurocodes are products of the New Approach 
that is applied to the construction world through the Construction Product Directive which gives the 
requirements to be satisfied. The Chapter will continue with a short discussion about the contradiction 
between the harmonisation of standards and the introduction of national parameters.  

Then there follows a description of the drawing-up procedure of codes, their implementation 
and structure. It is here clear that national parameters play an important role during the national 
implementation of the Eurocodes because Member States need time to define their choice beside the 
time necessary for introducing the ECs instead of the national regulations.  

Other important points are the historical development and the current situation of ECs in the 
countries investigated in this thesis. This is done in order to have a time scale of the implementation of 
Eurocodes that is still not completed.  

The last but not the least part concerns the future actions related to the codes. This thesis, seeing 
its aim and its scope, focuses on aspects that are certainly useful for these future developments. 
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3.2 History and Background of the 
Eurocode 

3.2.1 Economic and Political Background 

Currently (2011) the European Union (EU) is a political and economic union of 27 member 
states that are located mainly in Europe. Its member states are Austria, Belgium, Bulgaria, Cyprus, 
Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, 
Sweden and the United Kingdom (Europa, 2011a).  

The EU traces its origins from the European Coal and Steel Community (ECSC) and the European 
Economic Community (EEC). The former was composed by the so-called Inner Six Countries (Belgium, 
France, Germany, Italy, Luxembourg and Netherlands) with the aim to create a common market for 
coal and steel. The latter, also known as European Community (EC), was composed by the same six 
Countries with the aim to create a single market. The EEC was established in the Treaty of Rome in 
1957. During the years, it gradually gained a common set of institutions along with ECSC and the 
European Atomic Energy Community (EURATOM) under the 1965 Treaty of Brussels. In 1992, with 
the Treaty of Maastricht, the organization changed its name and became the European Community 
(EC) and the single market was formally completed. According to the Maastricht Treaty, the EC legally 
consisted of three pillars. The first was the European Communities which handled economic, social 
and environmental policies. This pillar had legal personality and consisted of the EC, ECSC and 
EURATOM. The second pillar was the common foreign and security policy (CFSP) and the third was the 
police and judicial co-operation in criminal matters (PJCC). The three pillars and all the economic and 
political treaties were abolished upon the entry into force of the Treaty of Lisbon in 2009. From then 
onwards the legal personality was represented by the European Union (EU).  

In the same time, the European Free Trade Association (EFTA) was created. This is a free trade 
organisation between European countries which operates parallel to EU. The EFTA was established on 
May 1960 in the Stockholm Convection by the so-called Outer Seven (Austria, Denmark, Norway, 
Portugal, Sweden, Switzerland and the United Kingdom). It was a trade association alternative to the 
EEC, which was unable to, or chose not to, join the EEC (Europa, 2011b; Wikipedia, 2011).  

Nowadays, the EFTA is only constituted of four States (Iceland, Norway, Switzerland and 
Lichtenstein) and the Vaduz Convection, which replaces the Stockholm Convention, provides the 
liberalisation of trade among the member States. 

3.2.2 The New Approach 

The EU and the EFTA main aim is to create a single market within their Member States. 
Notwithstanding the fact that the process is still developing, the Single Market is one of the great 
achievements of our time. This economic space, where goods, services, capitals and labour can 
circulate freely, provides a foundation of prosperity for the Member States. The EU has used several 
measures in order to remove barriers, and among these, the New Approach to technical regulation and 
standards set up in the council resolution of 7 May 1985 and the Global Approach to conformity 
assessment are certainly two of the most important ones (European Commission, 1988 and 2003). 
These two complementary approaches have a common thread that consists into limiting public 
intervention to what is essential and leave to industries and businesses a wide choice on how to meet 
their public obligations.  
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The New Approach's objective is to remove barriers to trade which result from the adoption of 
diverging national technical standards and regulations. Following the procedure laid down by the 
Directive 98/34/EC it is possible to create a harmonized set of standards, firstly because Member 
States are obliged to draw up norms that follow and satisfy the essential requirements given by the 
European Commission and secondly because Member States are obliged to notify draft technical 
regulations and standards to the Commission and to other Member States that can reject or validate 
the new norm. The Directive 98/34/EC also gives the Commission the possibility of inviting, after 
consultation with the Member Countries, the European Standards Organizations to elaborate 
European Standards (European Commission, 1988).  

In fact, restrictions to free movement of products can only be avoided or eliminated operating in 
this way. The creation of the Single Market in 1992 could not have been created without a new 
standardization approach that defines the essential requirements, reduces the control of public 
authorities prior to a product being placed on the market, and integrated quality assurance and other 
modern conformity assessment methods. This new regulatory technique called the New Approach 
follows four main points: (i) legislative harmonisation is limited to the essential requirements (ER), (ii) 
harmonised standards must give technical specifications that meet the ERs, (iii) application of 
harmonised standards or other norms remain voluntary since the essential requirements are 
achieved, and (iv) the products manufactured in compliance with harmonised standards benefit from a 
presumption of conformity with the corresponding essential requirements. These important 
statements require that the standards offer a guaranteed level of protection with regards to the 
essential requirements established by the directive. Nevertheless, this approach is appropriate only 
where it is genuinely possible to distinguish between essential requirements and technical 
specifications, which is not always feasible. For that reason, the new approach has some limitation into 
the application.  

This new approach can only work properly if it cooperates with harmonised and reliable 
conformity assessment methods. Council resolution of 1989 on the Global Approach set the principles 
for community policy on conformity assessment. For the scope of this thesis is not necessary to explain 
deeply the Global Approach guideline, but it is sufficient to observe that the Global Approach gives 
standard and uniform procedures for the assessment of requirements (given by the New Approach 
directives).   

The Eurocodes are the result of the application of this new approach into the construction world. 
In fact, through these codes, the EU harmonised the standards concerning the construction world 
defining requirements and technical specification of the elements.  

In this scenario; it is not easy to define the role of Nationally Determined Parameters (NDPs). In 
fact, on one hand, they cause diversities among States operating against harmonisation; on the other 
hand, they are necessary for supplying the differences between different countries. National 
Standardisation Bodies (NSBs) have the important role to define NDPs. They can either use the 
recommended value or not, knowing the characteristics of their country. It is obvious that a set of 
NDPs close to the recommended values is better under the New Approach point of view. As it is 
discussed afterwards, one of the aims of the European Commission is to eliminate the NDPs in the 
future in order to achieve a complete harmonisation and remove barriers within the Member States. 
Hence, NSBs has to find the best choice giving the right weight to harmonisation and countries 
different characteristics. 

Since the New Approach directives have a harmonisation issue, Members States must abrogate 
all the contradictory national laws. Moreover, Member States are not allowed to draw up standards 
that require more stringent measures than foreseen in the directives. Directives are, according to the 
Article 249 of the EC Treaty, binding on the Member Countries as the results to be achieved, leaving 
States free to decide the method and form to be used in order to achieve them. Hence, it is up to the 
Member States to decide which measures should be adopted and published in order to comply with 
the directive.  

More than 20 Directives covering several fields have been made accordingly to the New 
Approach. The Directive that influences the Eurocodes is the Construction Products Directive that will 
be deeply discussed in the next section. New Approach Directives apply to all the products that are 
intended to be placed on the Community Market. The concept of product varies between different 
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directives. A combination of products or parts, which each comply with applicable directives, does not 
always have to comply as a whole. However, in some cases, a combination of products is sometimes 
considered as one product. 

3.2.3 The Construction Product Directive (CPD) 

Directives are legislative tools that aim to reconcile the dual objective of both obtaining a good 
level of uniformity of European Union laws and respecting the diversity of national traditions and 
structures. Here the Directive that has a strong influence on applying the New Approach to the 
construction world is discussed: the Construction Products Directive 89/106/EEC of 21 December 
1988 on the approximation of laws, regulations and administrative provisions of the Member States 
relating to construction products that was then amended by Council Directive 93/68/EEC on 22 July 
1993 and Regulation (EC) No 1882/2003 of the European Parliament and on the Council of 29 
September 2003.  

This	  directive	  is	  applicable	  to	  construction	  products,	  that	  is	  “[…]	  any product which is produced 
for incorporating in a permanent manner in construction works, including both buildings and civil 
engineering works”	  (European	  Commission,	  1988; Article 1, Paragraph 2). 

In Article 3 there are the most important points based on the New Approach. In fact, Paragraph 1 
says that the essential requirements (ER) applicable to works, which may influence the technical 
characteristics of construction products, are set out in terms of objectives. These are listed in Annex I 
of the Directive and are: (i) Mechanical resistance and stability; (ii) Safety in case of fire; (iii) Hygiene, 
health and the environment; (iv) Safety in use; (v) Protection against noise and (vi) Energy economy 
and	   heat.	   Moreover,	   “In order to take account of possible differences in geographical or climate 
conditions or in ways of life as well as different levels of protection that may prevail at national, regional 
or local level, each essential requirement may give rise to the establishment of classes in the documents 
[…]	   and the technical specification […]	   for the requirement to be respected”	   (European	   Commission,	  
1988; Article 3, Paragraph 2). In these two paragraphs the objective to give essential requirement and, 
at the same time, permit differences due to the above mentioned reasons is obvious. 

The CPD has	   a	   direct	   influence	   on	   Eurocodes;	   in	   fact,	   the	   introduction	   of	   Annex	   I	   says	   “The 
products must be suitable for construction works […]	   where the works are subjected to regulations 
containing such requirements”	  (European	  Commission,	  1988;	  Annex	  I).	  It	  is	  also	  clear	  that	  works	  must	  
follow regulations containing such requirements. In particular, Eurocodes are a mean to prove 
compliance of buildings and civil engineering works with some these essential requirements; 
particularly ER1, ER2 and ER4 that are respectively Mechanical resistance and stability; Safety in case 
of fire and Safety in use. 

The CPD also sets up that the standards shall be established by the European Standard 
Organisations in order to achieve a high quality of harmonized standards. The standard(s) draw-up-
procedure starts when the Commission gives a mandate to a European Standard Organisation with the 
procedure laid down in Directive 83/189/EC. Moreover, the resulting standards shall contain as far as 
possible required product performance rather than technical specifications. CPD concerning many 
other arguments; among these there are the European Technical Approval (ETA), Interpretative 
Documents, Attestation of Conformity, Approved Bodies and the Standing Committee on Construction. 
This Committee shall be composed of representatives appointed by the Member States and the role of 
this body is to examine and study the implementation and the practical application of this Directive. 

It is important to highlight that the Eurocodes, as far as they concern the construction works 
themselves, have a direct relationship with the CPD, although they are of a different nature from 
harmonised product standards. More clearly, Eurocodes are European norms (EN), while the 
harmonised standards (hEN) are specific harmonised provisions that cover a unique and precise topic; 
they are both based on the New Approach philosophy. Eurocodes play an important role that consists 
into creating a framework for drawing up harmonised technical specifications for products. For that 
reason it is clear that CPD and Eurocodes must have a common thread. 
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3.2.4 History of the Eurocodes 

In 1975, the Commission of the European Community decided on an action programme in the 
field of construction (Joint Research Centre, 2011). The objective of the programme, as should now be 
clear, was the elimination of technical barriers to trade and the harmonisation of technical 
specifications. Within this programme, the Commission took the initiative to establish a set of 
harmonised technical rules for the structural design of construction works that, in the first stage, 
would serve as an alternative to the national rules in force in the Member States and, ultimately, would 
replace them. For fifteen years, the Commission, with the help of a Steering Committee containing 
Representatives of Member States, conducted the development of the Eurocodes programme, which 
led to the publication of the first Eurocodes in	  the	  80’s	  (European	  Commission,	  2003). 

 On	  14	   June	  1985,	   the	  European	  Commission	  submitted	   to	   the	  Council	   its	   “White Paper on the 
Completion of the Internal Market”	  which	   set	   out	   the	   timetable	  and	  guidance	   lines	   for	   the	  measures 
required for the completion of the Single Market by the 31st December 1992. Paragraph 71 of this 
document states that, within the general policy, particular emphasis will be placed on certain sectors, 
including the construction sector.  

In 1989, the Commission and the Member States decided, on the basis of an agreement with 
CEN, to transfer the preparation and the publication of the Eurocodes to CEN through a Mandate, in 
order that they would, in the future, have the status of European Standards. This links the Eurocodes 
with	  the	  provisions	  of	  the	  Council’s	  Directives	  and	  Commission’s	  Decision	  dealing	  with	  the	  European	  
Standards. Originally, the Eurocodes were elaborated by CEN as 62 pre-standards (ENVs). Most parts 
were published between 1992 and 1998, but, due to difficulties in harmonizing all the aspects of the 
calculation	  methods,	   the	   ENV	   Eurocodes	   included	   “boxed	   values”	   which	   allowed	  Member	   States	   to	  
choose other values to use on their territory. National application documents, which gave the details of 
how	  to	  apply	  ENV	  Eurocodes	  in	  Member	  States,	  were	  generally	  issued	  with	  a	  country’s	  ENV	  (European	  
Commission, 2003). The conversion of ENVs into European Standards started in 1998. Publication of 
the EN Eurocodes has been completed in 2006. The implementation program enters the coexistence 
period, during which the EN Eurocodes are used in parallel with national standards. National 
implementation of EN Eurocodes by all EU Member States was scheduled for completion by March 
2010. According with the Joint Research Centre (2010b), at the beginning of 2010, only 83 % of all 
parts and 38 % of all the National Annex have been published. Regarding Eurocode 2, only 84 % of all 
parts have been published as national standards. These percentages are related to the total number of 
Eurocode Parts multiplied by the number of Member States. Seeing that there is not a more updated 
overview of the Eurocode implementation in the Member States, more detailed and updated data will 
be discussed in subsection 3.3.5. 

 

3.2.5 CEN Technical Committee 250 

The Eurocodes, after the mandate of the European Commission, were developed under the 
guidance and co-ordination	  of	  CEN	  technical	  committee	  250	  (CEN/TC250)	  “Structural	  Eurocode”.	  The	  
committee is formed by the delegates of the 29 CEN national members and has the overall 
responsibility for all CEN works on structural design. Moreover, it is the responsibility of the 
CEN/TC250 to maintain the ECs within their remit. The technical committee and its chairman have to 
manage the work, including establishment of general policies, guidelines and strategies for the 
Eurocodes, and to oversee the implementation. They also have to support and guide the 
subcommittees in achieving those policies objectives in the draft work.  

CEN/TC250 is made up by the coordination group (CG), 3 horizontal groups (HG) and 9 
subcommittees (SC). The coordination group is active and plays an important role that consists into a 
technical and programme coordination in order to help all the subcommittees to work towards the 
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same objectives and with common methods. The CG addresses technical issues (including, for example, 
the treatment of values open for National Choice), coordinates and monitors the progress of the work 
of each SC and advises the TC250. The CG has established three horizontal groups for bridges, fire 
design and terminology. Their purpose is to harmonise the treatment of these three topics over all 
nine subcommittees.  

The responsibilities of subcommittees and their chairmen are to undertake and manage the 
work delegated by the TC250 within their terms of references and agreed time scale. They must refer 
wider matters to TC250 and to coordination groups. In particular, the SC for the Eurocode 2 (SC2-
EN1992) has Professor G. Mancini (from Politecnico di Torino, Italy) as a chairman. 

3.2.6 The History of Eurocode 2 

The first idea of reinforced concrete goes back to 1849 when it was invented by a French 
gardener Joseph Monier (1823-1906)	  who	  then	  patented	  the	  new	  “material”	  in	  1867.	  The beginning of 
the prestressed concrete date back at the end of the XIX Century when several attempts were done to 
pre-stress concrete with negative results due to scarce material properties and poor theoretical and 
scientific background (Debernardi, P. G., 2010, p.1-2). The correct technique for pre-stress was set up 
by the French engineer Eugène Freyssinet (1879-1962) of the École National des Ponts et Chaussées 
(Paris) that obtained the first positive results on prestressed elements using high performance 
materials. The continuous need of a always better scientific background of this field led Freyssinet, 
Torroja and Magnel to the foundation of the Fédération International de la Précontrainte (FIP) in 1952 
and Balency-Béarn, Nenning, Bose, Rüsh, Torroja and Wästlund to the foundation of the Comité 
Europeen du Beton (CEB) in 1953 (Fib, 2011). The founders of CEB had the vision that post-war 
Europe needed a common approach in concrete design and construction (Fib, 2011a). At that date 
there was an enormous disparity among codes of different countries and the scientific background 
was poor.  

The first document published on this purpose was the CEB Recommendations of 1964 covering 
the reinforced concrete structures. The two bodies started to cooperate in 1962 for drawing up the 
CEB/FIP International Recommendations of 1970 covering structures in plain, reinforced and pre-
stressed concrete. This document was an important step since it was the first time that a common 
basis was created for new national codes, which were up to then extremely different in the various 
countries. These recommendations introduced a new safety philosophy based on limit states and 
partial safety factors (Debernardi, P. G., 2010, p. 1-2). 

The next important document was the first CEB/FIP Model Code published in 1978 (MC-78) that 
had considerable impact and was directly applied, in one form or another, in some twenty-five 
national and regional codes. MC-78 contained Principles and General Rules and this layout was then 
adopted for the Eurocodes (Walraven, J.C. Bigaj - van Vliet, A.J., 2008, p. 611). 

The European Economic Community (EEC) thought that the Model Code 1978 constituted one of 
the basis for reaching its purpose of creating the Single Market and in 1979 it put together a group of 
experts for starting working on the Eurocode 2 under the supervision of Professor F. Levi of 
Polytechnic of Turin (Italy). The first publication was a Technical Report in 1984 after which followed 
a period of discussion and investigation producing different draft version of the Code.  

During the same years, further steps were done in the understanding of the performance of 
concrete and the means of proving analytical and design techniques to reflect the understanding. The 
continued work of CEB led naturally to the need of a new and updated Model Code. A committee for 
the Model Code 90 with Professor T. P. Tassios (National Technical University of Athens) as a 
chairman started to work on this project in 1987. The first complete draft of the Model Code 90 (MC-
90) was preented for consideration in June 1990 and for consideration and approval on September of 
the same year. After the review of all the comments, the MC-90 was ratified in 1991. 

In the following year (1992) the first version of the Eurocode 2 (ENV 1992-1-1:1992) was 
presented and after discussion and revision it became the final draft prEN 1992-1-1 in December 
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2003. The Eurocode became European Standard (EN 1992-1-1:2004) one year later (December 2004). 
The publication was followed by two corrigendum that contain correction of formulas, references and 
other mistakes. The first was published in 2008 (EN 1992-1-1.2004/AC:2008) and the second became 
effective on 10 November 2010 (EN 1992-1-1.2004/AC:2010). 

During this period, and precisely in 1998, the two bodies CEB and FIP were merged creating the 
FIB (Fédération Internationale du Béton) that has its headquarters in the city of Lausanne in 
Switzerland (Fib, 2011a).   

The process of research and improvement has never stopped and in the last years there was the 
necessity of an updated Model Code. The new Code (Model Code 2010) was published as complete 
draft in Fib Bulletins 55 and 56 in April and May 2010 (Fib, 2010a and 2010b). This new edition is 
much	  more	  “life	  cycle”	  oriented	  than	  its	  predecessor,	  which	  is	  reflected	  in	  the	  sequential	  organisation	  
of its contents: conceptual design, design, construction, conservation and even dismantlement. MC-10 
gives an extensive state-of-the-art regarding material properties for structural concrete, including 
constitutive relations for concrete up to C120, and properties of reinforcing and pre-stressing steel, 
including pre-stress systems. Special attention is given to the application of fibre concrete for 
structural applications and non-metallic reinforcement. It also contains the first ideas for 
sustainability design, conservations strategies and conservation management as well as 
dismantlement. 

The MC-10 is the basis for future development of the EC2. 
 

3.3 The Final Product: EN Eurocodes 

3.3.1 The Eurocode Suite 

“The Eurocodes are a series of European standards which provide a common series of methods for 
calculating the mechanical strength of element playing a structural role in construction works […].	  Those 
methods make it possible to design construction works, to check the stability of construction works or 
part thereof and to give the necessary dimensions of structural construction products”	  (Official	  Journal	  of	  
the European Commission, 2003, paragraph 1). The Eurocodes cover all principal construction 
materials (concrete, steel, timber, masonry and aluminium), all major fields of structural engineering 
(basis of structural design, loading, fire, geotechnics, earthquake, etc.) and several types of structures 
and products (buildings, bridges, towers, silos, etc.). Eurocodes are based on the Construction Product 
Directive, and they are based on the Essential Requirements of this directive (see Subsection 3.2.3).  

The major concepts, that are present in all Eurocodes, can be summarized in four main points: 
reliability differentiation, design working life, durability and quality assurance.  

Reliable differentiation means that different levels of reliability may be adopted for both 
structural resistance and serviceability. The choice of the level of reliability for a particular structure 
should take into account several factors like the following ones: (i) possible mode and/or cause of 
attaining the limit state; (ii) possible consequences of failure; (iii) expense and procedure for reducing 
the risk and (iv) public and social aspects. The level of reliability that applies to a particular structure 
may be specified for the structure as a whole or by classifying the components.  

The design working life is the assumed period for which a structure is to be used for its intended 
purpose and scope with normal maintenance but without major repair being necessary. Actions, 
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material properties, life cycle cost and developing maintenance strategies are determined accordingly 
to the design working life. 

Durability is the concept that the structure should be designed in such a way that deterioration 
should not impair the durability and performance of the structure having regard to the anticipated 
level of maintenance. 

The quality assurance concept means that appropriate measures are taken in order to provide a 
structure, which corresponds to the requirements and to the assumptions made in the design.  

The verification procedure is based on the limit state concept used in conjunction with partial 
safety factors. The Eurocodes also allow for designs based on probabilistic methods as well as for 
designs assisted by testing, and provide guidance for the use of these methods. 

The Eurocode Suite comprehends ten European Standards: 
 EN 1990 – Eurocode: Basis of Structural Design. 
 EN 1991 – Eurocode 1: Actions on Structures. 
 EN 1992 – Eurocode 2:Design of Concrete Structures 
 EN 1993 – Eurocode 3: Design of Steel Structures 
 EN 1994 – Eurocode 4:Design of Composite Steel and Concrete Structures. 
 EN 1995 – Eurocode 5: Design of Timber Structures. 
 EN 1996 – Eurocode 6: Design of Masonry Structures. 
 EN 1997 – Eurocode 7: Geotechnical Structures. 
 EN 1998 – Eurocode 8: Design of Structures for Earthquake Resistance. 
 EN 1999 – Eurocode 9: Design of Aluminium Structures. 
Each of these codes, except EN 1990, is divided into a number of Parts covering specific aspects 

of the subject. In total there are 58 Eurocode Parts distributed in the ten Eurocodes. All the Eurocodes 
relating to materials (EN 1992, EN 1993, EN 1994, EN 1995, EN 1996, EN 1999) contain: 

 Part 1-1: which covers the material properties, the design of buildings and other civil 
engineering buildings 

 Part 1-2: which covers the fire design. 
The Eurocodes about concrete, steel, composite steel and concrete, timber and earthquake 

resistance have all a Part 2 concerning the design of bridges. These Parts 2 have to be used in 
conjunction with the appropriate general Parts (Parts 1). Some Eurocodes have a Parts 3 that covers 
special matters.  

EN 1990, EN 191, EN 1997 and EN 1998 are material independent and are to be used with all the 
types of structures. 

A detailed list of the Eurocodes Parts could be found in Annex A. 

3.3.2 Aims and Benefit of the Eurocodes 

Besides the obvious and main intention of the Eurocodes that consists into the creation of the 
Single Market through a harmonization of standards, there are other important intended aims and 
benefits of the Eurocodes. Accordingly with the European Commission (2003), the Eurocodes have the 
following benefits and opportunities: 

– Provide common design criteria and methods to fulfil the specified requirements for 
mechanical resistance, stability and resistance to fire, including aspects of durability and 
economy. This benefit could be mitigated using sets of NDPs different from other States.  

– Provide a common understanding regarding the design of structures between the 
owners, operators and users, designers, contractors and manufacturers of construction 
products. 

– Facilitate the exchange of construction services; the marketing and use of structural 
components and kits; the marketing and use of materials and constituent products 
between the Member States.  
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– Be a common basis for research and development in the civil engineering sector. 
– Allow the preparation of common design aids and software. 
– Increase the competitiveness of the European civil engineering companies, contractors, 

designers and product manufacturers in their worldwide activities. 
– Provide a common and transparent basis for fair competition in the construction market. 

In fact, the majority of structural construction products and construction works are the 
subject of public contracts. The Eurocodes are to be used by contracting authorities in 
technical specifications.  

There are also benefits for the citizens and consumers that consist of a wider choice of goods 
and services with better quality and lower prices due to the increase in the competition in public 
procurement. On the other side, using the Eurocodes, companies have access to 27 countries and 500 
million consumers in Europe. Moreover, since all the Eurocodes required CE marked materials, the CE 
marking reduces border bureaucracy and the cost of multiple testing and certification. 

3.3.3 The National Implementation of Eurocodes 

The publications of all 58 Eurocodes Parts were made available in 2007. There can be a period of 
co-existence of the Eurocodes and national rules. Initially was decided that this period would extend 
until March 2011 and after that data all conflicting National standards must be withdrawn. At that 
data, only some State Members completed the implementation procedure while other were late and 
got over that deadline. National standard bodies (NSBs) must publish the national standard 
transposing the EN Eurocode Part and the National Annex (NA). 

Figure 3.1. Eurocode after the national Implementation. It is mainly formed by three parts, the first and the 
third ones are drawn up by the national standard body, the central part is the Eurocode translated into the national 
language(s). 

The national standard transposing the EN Eurocode Part will be composed of the EN Eurocode 
text (which may be preceded by a national title page and by a national foreword), generally followed 
by a National Annex (see Figure 3.1).  

 
Accordingly with the European Commission, when Member States lay down their NDPs, they 

should: 
– choose from the classes included in the Eurocode, 
– use the recommended value, or chose a value in the recommended range, 
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– when alternative methods are given, use the recommended method, 
– be coherent with the choice made in other Eurocode Parts. 

The commission encourages Member States to co-operate in order to minimise the diversities 
caused by different choice of NDPs. It is obvious that, choosing the same value as other countries, the 
benefits listed in (Subsection 3.3.2) will be larger (European Commission, 2008).  

A National Annex is not necessary if a Part contains no open choice or if a Part is not relevant for 
the Member States (e.g. seismic design for some countries). The NA is neither necessary if a Member 
States has adopted all the recommended values provided by the Eurocode. Information indicating that 
the recommended values are applicable should be sufficient in that case.  

The National Annex may contain, directly or by reference to specific provisions, information on 
NDP to be used, i.e.: 

– values and/or classes where alternatives are given in the EC, 
– value to be used where a symbol only is given in the EC, 
– country specific data (especially for EN 1991), 
– procedure to be used where alternative procedures are given in the EC. 

The NA may also contain: 
– decision on the application of informative annexes, 
– reference to non-contradictory complementary information to assist the designer in 

applying the EC. 
 The European Commission (2003) specifies that NA cannot change or modify the content of the 

EC text in any way other than where it indicates that national choice may be made by means of NDPs.  
The timetable for the National Implementation of the Eurocodes include, from the time the final 

draft of the En Eurocode is produced by CEN/TC250, is formed by five main periods (European 
Commission, 2003, annex A): 

i. Examination Period: after the final draft prepared by the project team is sent to the Sub 
Committee for progressing to the voting, this period should be given for examining the 
content of the EC Part, by both competent authorities and subcommittee members. After 
taking into account all the comments generated from this examination, the subcommittees 
allow the document to go to the formal vote and submit it to CEN/MC (CEN Management 
Centre). This period should not be longer than 6 months. 

ii. CEN Process Period: after receiving the final draft, CEN/MC organises the formal vote and 
the ratification, leading to the date of availability (DAV) of the approved European Standard. 
This process requires about 8 months and comprehends the editing, the translation in the 
three languages (English, French and German) and the finalisation of the document prior to 
making it available to CEN members for publications. 

iii. Translation Period: in which the EC is translated into the authorised national languages. The 
maximum time for this procedure is 12 months from the DAV. 

iv. National Calibration: which is a period of two years in parallel to the translation period. 
During this period the NSBs must fix the Nationally Determined Parameters. At the end, the 
national version of an EN Eurocode must be published with its NA and the Member States 
should have adapted their national provisions in order to allow the use of this EC Part in 
their territory.  

v. Coexistence Period of a Eurocode Package: which starts from the end of the national 
calibration period. During this period, both the EC Part and the former national system can 
be used. It will last up to a maximum of three years after the national publication of the last 
Part of the package. At the end of this period, the NSBs shall withdraw all conflicting national 
standards, and the Member States shall make sure that all the Parts of the related package 
can be used without ambiguity on their territories by adapting their national provisions as 
necessary. Thus all conflicting national provisions should be withdrawn a maximum of 5 
years after DAV of the last available standard in the package. 
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Figure 3.2. Procedure and deadlines of each steps of the national implementation. 

3.3.4 The Eurocode 2 

Since the objective of this thesis consists of investigating the NDPs present in Eurocode 2 Part 
1.1, a further and deeper description of this Eurocode is here presented.  

EN Eurocode 2 applies to the design of buildings or civil engineering structures in plain, 
reinforced and pre-stressed concrete and lightweight aggregate concrete (point 1.1.1(1)P of the EN 
Eurocode. 

It is subdivided in four Parts: 
 EN 1992-1-1:2004 “Eurocode	  2:	  Design	  of	  Concrete	   Structures	   – Part 1-1: General Rules for 

Buildings” 
 EN 1992-1-2:2004 “Eurocode	   2:	   Design	   of	   Concrete	   Structures	   – Part 1-2: General Rules – 

Structural	  Fire	  Design” 
 EN 1992-2:2004  “Eurocode	   2:	   Design	   of	   Concrete	   Structures	   – Part 2: Concrete Bridges – 

Design	  and	  Detailing	  Rules	  ” 
 EN 1992-3:2004  “Eurocode	  2:	  Design	  of	  Concrete	  Structures	  – Part 3: Liquid Retaining and 

Containment	  Structures”. 
Eurocode 2 has to be used in conjunction with: Eurocode 0, 1, 7 and 8; harmonised EN standards 

(hEN) listed in Subsection 1.2 of the EC2 (e.g. EN 197-1, EN 206-1, EN 10080, EN 13670 etc.), 
European Technical Approvals (ETAs), European Technical Guidelines (ETAGs) concerning 
construction products relevant for concrete structures; and several other norms listed in the first 
Section of each Part.  

Part 1-1,	   the	  part	  on	  which	   this	   thesis	   focuses	  on,	   “[…]	  gives a general basis for the design of 
structures in plain, reinforced and pre-stressed concrete made with normal and light weight 
aggregates together with specific rules for buildings”	   (European	  Commission,	   2004;	   sub-subsection 
1.1.2, paragraph (1)P) 

This Part is divided into 12 Sections with each one covering different parts of the design.  
“Section	   1	   – General”	   contains	   the	   explanation	   of	   the	   field	   of	   application	   of	   the	   code,	   the	  

references of the other Eurocodes and other standards. There are the basic hypothesis on which the 
code is based (together with the hypothesis contained in Eurocode 0) and the distinction between 
Principles	  (indicated	  with	  letter	  “P”)	  and	  Application	  Rules.	  The	  section	  also	  presents	  a	  list	  of	  symbols	  
and definitions used.  

“Section	   2	   - Basis	   of	   design”	   links	   Eurocode	   2	   with	   Eurocodes	   0	   and	   1.	   The	   basic	   principles 
followed by the Eurocode 2 are here presented and it states that: (i) the design must follow the 
ultimate limit state approach with partial safety factors; (ii)the actions and their combinations must be 
determined using respectively EN1991 and EN1990 while resistance, durability and serviceability in 
accordance to EN1992-1-1. There is a list of the basic variables that are present in a concrete structure 
design and construction. Partial safety factors are stated in this section as well as the verification 
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procedure. Other important topics of this section are the design assisted by tests, the requirements for 
fastenings and some guidelines for foundations. 

“Section	  3	  – Materials”	  is	  about	  materials	  and	  their	  design	  properties	  that	  have	  to	  be	  used	  during 
the design and verification. Concrete, reinforcing steel, pre-stressing steel and pre-stressing devices 
are here addressed. 

“Section	  4	   – Durability	   and	   cover	   to	   reinforcement”	   is	   entirely	   dedicated	   to	   those	   details	   that	  
ensure the durability and cover to reinforcement. 

“Section	  5	   - Structural	   analysis”	  presents	   the	  principles	   for	   the	   structural	  analysis.	  After	  some	  
general considerations, the section focuses on many important arguments like the geometric 
imperfections, the idealisation of the structure, the different types of analysis, the lateral instability, 
the pre-stressed element analysis and the analysis for some particular structural members. 

“Section	   6	   - Ultimate	   limit	   states	   (ULS)”.	   The	   sixth	   part	   concerns	   the	   ultimate	   limit	   states	   for	  
bending, shear, punching and torsion. It also covers the design with strut and tie models, the 
anchorages and the fatigue verifications. 

“Section	  7	  - Serviceability	   limit	  states	  (SLS)”	   is	  dedicated	  to	  the	  stress	   limitation,	  crack	  control	  
and deflection control that have to be guaranteed in the structures. 

“Section	   8	   - Detailing of reinforcement and pre-stressing tendons – General”	   focus	   on	  
prescriptions and details for the position of the reinforcing bars and pre-stressing tendons are here 
given. The arguments treated are for example the spacing of bars, the mandrel diameter for bent bars, 
the anchorage for different types of reinforcement and additional rules for more specific cases.  

“Section	  9	   - Detailing	  of	  members	   and	  particular	   rules”	  This	   section,	   similarly	   to	   the previous 
one, gives details for elements. But this chapter describes details like the maximum reinforcement 
area, the surface reinforcement and transverse reinforcement. 

“Section	  10	  - Additional rules for pre-cast	  concrete	  elements	  and	  structures”	  handles the design 
rules for pre-cast and pre-stressed elements. In fact, there are rules about the materials, the structural 
analysis and particular details for these types of elements.  

“Section 11 - Lightweight aggregate concrete	   structures”	   is	   completely	   dedicated to the 
lightweight aggregate concrete structures that require different and additional rules.  

 “Section	  12	   - Plain	  and	   lightly	   reinforced	  concrete	   structures”	   covers	   the	  design	  of	   structures	  
with a small or absent quantity of reinforcement.  

These last three sections (Sections 10, 11 and 12) are subdivided in subsections that follow the 
same logical thread of the first nine sections of the Eurocode. More precisely, they focus on the 
materials properties, the durability aspects, the structural analysis, the ULSs, the SLSs and 
construction. 

At the end of the Eurocode 2 Part 1-1 there are 10 annexes, one of those has a normative value 
(Annex C – Reinforcement properties) and the other nine are only informative.   

3.3.5 Legal Situation of the Eurocode 2 in the 
European Countries 

Accordingly to the CEN (2011), so far, 58 Structural Eurocode parts have been produced. The 
last Eurocodes Part was published (DAV) in 2007. 

In particular, the date of availability of Eurocode 2 – Part 1-1 was December 2004, while the date 
of withdrawal of all the national standards conflicting with it was March 2010. 

The situation in the EU and EFTA varies a lot from one Member State to another. In some States 
the Eurocodes are fully implemented and the national standards are already withdrawn. On the 
opposite, there are States in which the process is still in progress. Accordingly to the Joint Research 
Centre data (2011), at the beginning of 2010, 83% of all Parts of EN Eurocodes were published as 
national standards. In particular, at that date, just 87% of Parts of Eurocodes 2 were published as 
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national standards (these percentages are related to the total number of parts that consists into four 
parts for each Member States).  

Here follows a brief analysis of the legal situation in the seven Countries covered by this thesis 
that gives a clear picture of this fragmented and uneven situation among the member states . 

In Finland, the date of withdrawal of the national design rules is still under discussion. The 
Ministry of the Environment made a first proposal of this date: 1st July 2013, but this date is still under 
discussion. The national standard body SFS (Suomen Standardisoimisliitto) has already published the 
EC2 Part 1-1 (SFS, 2007) and its National Annex (NA SFS-EN 1992-1-1) that is in use from November 
2007 (Eurokodi Help Desk, 2011).  

In France, the national standard body AFNOR (Association Française the Normalisation), set that 
from April 2010 the national standards should be withdrawn.  AFNOR published the French version of 
Eurocode (AFNOR, 2005) in 2005 and its NA (AFNOR, 2007) in 2007.  

In Germany the DIN (Deutsches Institut für Normung) recently published the last version of 
Eurocode 2 (DIN, 2011a) and its NA (DIN, 2011b) that theoretically are used since December 2010. In 
practice, the DIN codes are still allowed because the current version of Eurocodes and NAs were 
evaluated and deemed non-satisfactory, so they are reviewed again to identify and correct types and 
other errors and then publish correct documents. The goal is to have the first quarter of 2011 as final 
date from which design of concrete structures can be conducted only according to EC2. 

Sweden withdraws the national norms edited by SIS (Swedish Standards Institute) in January 
2011. SIS published Eurocode 2 (SIS, 2005) and the national housing board (Boverkets 
Författningssamling) published the latest version of its National Annex in 2011 (BFS, 2011). 

In United Kingdom, BSI (British Standards Institute) published Eurocode 2 (BSI, 2004a) and the 
National Annex  (BSI, 2004b) within December 2007. In March 2010 most of the national standards 
have been withdrawn.  

In Denmark, the National Agency for Enterprise and Construction decided that Denmark would 
implement the Eurocodes as early as 2008. The Dansk Standard (DS) has published the Danish version 
of the code (DS, 2005) and it National Annex (DS, 2007). 

In Italy, as stated by the Norme Tecniche 2008, the use of Eurocode 2 for design concrete 
structures is compulsory since 2008. The Italian standard body UNI (Ente Nazionale Italiano di 
Unificazione) published the Italian versions of the Eurocode 2 (UNI, 2005) and its National Annex 
(UNI, 2007). 

3.3.6 Future Actions Related to the Eurocode 
Programme 

From above it should now be clear that the Eurocode programme is still developing. On one 
hand there is the implementation process described above and on the other hand there is the 
developing of the Eurocodes themselves that will be discussed in this section.  

Accordingly with Part 4 of the Guidance Paper L (European Commission, 2003), the future 
actions related to the Eurocode programme consist of Education, Research with Regards to EN 
Eurocodes and Maintenance of Eurocodes. 

The first, Education, means that Member States should undertake education programs to help 
the professions to implement the codes. The aspects of educations which need to be covered are: 
informing and training the professionals; encouraging the production of handbooks, design ads, 
software etc. and encouraging Universities and Technical Colleges to base their teaching in civil and 
structural engineering on the ECs. 

The Research concerning EN Eurocodes is a requirement indispensable for having, now and in 
the future, up to date codes. Therefore, Eurocodes should follow the pressures that come from the 
market and the progress of the scientific knowledge and methods. 
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The Maintenance of EN Eurocodes consists of a series of actions for satisfying the need to 
update, revise and complete the codes. Maintenance works will involve the reduction of the number of 
NDPs in order to achieve an even more uniform set of norms through EU and EFTA as well as the 
correction of errors, the updating to ensure that the most recent information are in the ECs, and to 
collect feedback from the use of the codes at other less important actions.  

For the scope of this thesis, it is important to highlight that the European Commission set that 
the Eurocodes development will move towards a reduction of the number of open choice parameters. 
The reasons for doing so should now be clear. It will be important to keep in mind this guideline when 
discussing the results and the differences caused by different set of parameters.  

This thesis, as a research work on Eurocodes concerning the differences caused by NDPs, 
precisely follows the guidelines given by the European Commission. In fact, it is a research work on 
ECs that investigates the NDPs and, besides the main scope of comparison, tries to highlight those 
Nationally Determined Parameters that could be removed. The removable NDPs are those parameters 
which produce insignificant differences or those for which the majority of countries has chosen to use 
the recommended value. 
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Chapter 4  
 
Nationally	  Determined	  Parameters  

4.1 Introduction 

After having defined the dimension of the problem (Chapter 2) and described the reasons 
behind the Eurocode and its Nationally Determined Parameters (Chapter 3), this Chapter presents and 
analyses deeply the NDPs and, for this reason, can be considered the core of this thesis.  

The first part of the Chapter concerns the different types of NDPs that can be found in the 
Eurocode Suite. This analysis has as a main scope to show the wide variety of NDP types and therefore 
make clear that is not possible to have a unique procedure of comparison among the seven countries. 
In particular, each type of parameter requires a certain procedure for highlighting its influence. 

Part 4.3 shows the number of NDPs in all the Eurocodes and, with higher details, those used in 
EC2. The figures will show that there are a large number of NDPs in the Eurocode 2 and, for this 
reason, they play an important role in the design of concrete structures that certainly cannot be 
neglected.  

Then there follows a general overview of the policies of choice adopted by the selected countries 
that shows the different policies followed by National Standards Bodies for defining the national 
values.  

Part 4.5 analyses some important NDPs of Eurocode 0 and Eurocode 1, the reasons behind this 
analysis will be explained in detail afterwards, but they consist essentially into a willing of giving a 
complete scenario of the NDPs that take part in the design of common concrete structures. 

The following part presents the NDPs of EC2 and analyse them one by one.  
In this Chapter, NDPs of EC0, EC1 and EC2 are analysed in a theoretical way trying to estimate 

their influence in a general way and not only for some specific cases. The assumptions behind these 
estimations are always done thinking about the most common situations as it has always been done in 
this thesis. These estimations can be used, during the design process, to define the order of magnitude 
of the differences that arise from one or some parameter(s).  
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In Chapter 5, that presents some case studies on real elements, it will be checked if all these 
estimations are correct and it will be showed how to use them for estimate the differences among 
countries.  

This part of the work is the most important part of the thesis and, together with Chapter 5 
defines and quantify the influence of NDPs over the concrete structures. 

4.2 The Different Types of NDPs 

Eurocodes	  report	  in	  their	  first	  pages	  a	  paragraph	  concerning	  “National	  Standards	  Implementing	  
Eurocodes”	   in	  which, aside the introduction on the national publication of Eurocodes (discussed in 
Chapter 3), says that National Annexes contain Nationally Determined Parameters to be used for the 
design of buildings and other civil engineering works and give, through examples, four main categories 
of NDPs: 

i. values and or classes where alternatives are given in the Eurocode, 
ii. values to be used where a symbol only is given in the Eurocode, 

iii. country specific data, 
iv. the procedure to be used where alternative procedures are given in the Code. 

It finishes reporting that National Annexes may contain decisions on the application of 
informative annexes and references to non-contradictory complementary information to assist the 
user to apply the Eurocode. As it has been described in the previous Chapter, additional information 
are not considered properly Nationally Determined Parameter. 

The categorization of NDPs, that it is presented in this part of the thesis, is not important itself, 
but is the basis for defining the investigation procedures that will be discussed in the next chapter. In 
addition, and probably of even more importance, it is the basis for the discussion of the differences 
caused by the national parameters. The reason for that consists of the necessity of using different 
approaches, during the comparison and the results discussion, depending on the parameter (or bunch 
of parameters) that are studied. These different approaches will be clarified afterwards. 

After a first sight, it could seem that NDPs are only parameters of the same kind and that operate 
in the same way. In reality, they can be subdivided, according to the type, to the cause, to the 
importance etc.  

The first and rougher categorisation divides the numerical parameters from the non-numerical 
ones. For simplicity	   of	   treatment,	   these	   two	   classes	   are	   renamed	   “NumPar”	   and	   “NonNumPar”	  
respectively. Each class can be subdivided into subclasses as follows: 
 NumPar: numerical parameters 

– NumPar 1: Values where alternative or ranges are given in the Eurocodes. For these NDPs the 
EC gives a range or different values to be used and countries have to define their own 
parameter; obviously they should lie between the limits given by the Code. 

– NumPar2: Values to be used where only a symbol is given. In this case, national standard 
bodies can chose any value; there are no limits imposed by the Eurocodes. This kind of 
parameters can therefore be dangerous and can lead to important differences between 
countries. In fact, if States use a non-responsible choice, it could cause an unsafe design and 
huge diversities with respect to the other countries. A responsible choice means a choice based 
on scientific investigations and studies that, if correct, should give results not far from the 
recommended values.  

 NonNumPar: non-numerical parameters. 
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– NonNumPar1: Classes where alternatives are or are not given by the Eurocodes. This is not a 
very common type of NDP. Even if the codes use classes very often, they usually do not leave 
the possibility to choose the classes to the member states. 

– NonNumPar2: Procedure to be used where alternative procedures are or are not given. Also 
this subcategory s not very common and it is usually used in more complicated points (not 
basic procedures) where giving different ways of solving a problem could be helpful. It is also 
used where different procedures are equally satisfactory giving correct results. For this 
subclass, national standard bodies have to choose the procedure or some of the procedures 
proposed to be used in their territory. 

The second categorization that is proposed divides the NDPs into two groups according to the 
possible causes that lead to the decision of leaving the parameter to be chosen by each member. Seeing 
that codes do not give the reason behind the decision of transforming a parameter into a national 
parameter, this categorisation has been done just for analysing the parameters and trying to 
understand why a certain parameter has been left changeable from one country to another. These two 
classes are: 
 ManPar: Parameters created for adapting codes at different societies, ways of life, habits, ways of 

doing etc.; in one sentence, to all what is related to the man and its society. 
 NatPar: Country specific data for adapting codes at different environmental conditions. So, all the 

factors that do not depend upon the man and its society. These parameters are left free and vary 
for many reasons: geography, climate (snow, wind, humidity, temperature, sun exposure etc.), 
geology, seismicity as well as the chemical composition of earth, water and air.  

It is very important to underline that these categories do not divide the parameters in a strict 
and absolute way. In fact, there are many parameters that can be put in more than one class. For 
example, some material properties depend at the same time upon the raw materials and the 
procedures used by the man for obtaining the final material as well as the ways of doing in the 
construction	  procedures	  and	  so	  on	  and	  so	  forth.	  In	  this	  example	  it’s	  clear	  that	  the	  NDPs	  related	  to	  the	  
material properties could be classified like ManPar and NatPar at the same time. The same problem 
can be find with the first categorisation in which, for example, a table that contains numerical values 
that depends upon different classes could be classified like both NumPar and NonNumPar.  

Nevertheless, as stated above, for this thesis it is not useful the categorisation itself, but is only a 
rough subdivision of parameters in order to differentiate the approach for comparing and discussing 
the influences of these parameters. For this reason, the categorisation will be done giving the category 
that most represents the parameter.  

A more precise classification was proposed and is actually used by the Joint Research Centre for 
the realisation of its NDPs database. The purpose of this database consists of constituting the basis for 
the analysis of national parameters and for the definition of strategies tending to achieve further 
convergence and consequently aiming at facilitating the achievement of the European Single Market 
for construction works and structural construction products (J.R.C., 2007). At first sight, it seems that 
this thesis is a copy of this database. This is belied by many reasons. Firstly, the database is an internal 
tool used by the European Commission for achieving the complete harmonisation of the standards 
concerning the construction world fading the differences caused by NDPs. It is important to highlight 
that this database is not public and only few authorised people for each member state can access the 
database. Secondly, the aims of the two works are different. This thesis, in fact, has as its primary goal 
the estimation of the differences caused by NDPs under different points of view. It is therefore a useful 
tool for universities, companies and bodies that need to compare concrete structures in different 
European countries or that undertake works in different European countries.  

Notwithstanding those differences, J.R.C. (2007) proposed a very precise classification of the 
national parameters. This classification is reported just for defining clearly all the different types of 
NDPs that are present in the Eurocode Suite. 
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Table 4.1. Types of NDPs according with J.R.C. (2007). 
General type Type 
# Description # Description 

1 Value(s) of (a) 
parameter(s) 

1.1 Predetermined parameters (with recommended value) 

1.2 Predetermined parameters (without recommended 
value) 

1.3 No predetermined parameters 

2 Reference to some set of 
values-table(s) 

2.1 Fixed tables (only cell values can be changed) 
2.2 Flexible tables (rows and columns can be changed) 

3 

Acceptance of the 
recommended procedure, 
choice of calculation, 
approach, when 
alternative are given, or 
introduction of a new 
procedure. 

3.1 Acceptance of recommended procedures/approaches or 
introduction of new ones 

3.2 Country procedures / approaches 

3.3 Alternative choice from given options (with 
recommended value) 

3.4 Alternative choice from given options (without 
recommended value) 

3.5 Choice from given options (without recommended 
value) 

3.6 Choice from given options (without recommended 
value) or introduction of new procedures/approaches 

3.7 Acceptance of recommended procedures/approaches in 
fixed tabular form or introduction of new ones 

3.8 Acceptance of recommended procedures/approaches in 
flexible tabular form or introduction of new ones 

4 
Country specific data 
(geographical, climatic, 
etc.) 

4 Country specific data (geographical, climatic, etc.) 

5 National chart(s) or 
table(s) of parameters 5 National chart(s) or table(s) of parameters 

6 Diagrams 6 Diagrams 

7 

Reference to non-
contradictory 
complementary 
information 

7 Reference to non-contradictory complementary 
information 

8 
Decision on the 
application of informative 
Annexes 

8 Decision on the application of informative Annexes 

9 
Provision of further, 
more detailed 
information 

9 Provision of further, more detailed information 

10 Reference to information 
10.1 Reference to information which is included in an 

informative annex 

10.2 Reference to information which is included in other 
parts of the EN text 

 
The table shows clearly the wide range of type of NDPs, confirming the fact that they are not 

only numbers that change a little from one country to another.  
The criteria used by J.R.C. for categorising the parameters are aiming at facilitating the 

informatics treatment of data, and certainly not for the investigations of this thesis. Nevertheless, it is a 
good categorisation for understanding the different types of situations in which national standards 
bodies have to fix their choice. 
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4.3 NDPs in Figures 

The number of NDPs that are present in the Eurocode Suite is 1501 (J.R.C., 2007). They are 
distributed non-uniformly over the ten Eurocodes as can be observed in Figure 4.1. Eurocode 3 is the 
code with the largest number of national parameters (432). This large number can be explained 
observing that the steel structures have a large variety of elements, design problems, cross section, 
joints and so on an so forth. Also Eurocode 1 and 2 have a large number of NDPs in comparison with 
other codes. In particular, Eurocode 1 has 354 national parameters; the majority of those are certainly 
parameters for defining values of all that actions that depends upon the environment (geography, 
climate, snow, geology etc.).  

 
Figure 4.1. Number of NDPs for each Eurocode. Source: J.R.C. (2007). 

The Joint Research Centre (2007) also counted the number of NDPs for each type of parameter. 
Obviously, the types used are those listed in Table 4.1. The results are reported in Figure 4.2. From this 
graph, it could be roughly estimated the number of parameters with numerical value that are those of 
types 1,2,5 and 6 as well as some part of type 4. The total number of numerical values is therefore 
around 579 (sum of types 1,2,5 and 6) that represent the 39 % of the total NDPs.  
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Figure 4.2. Number of NDPs for each type. Source: J.R.C. (2007). 

The analysis that has been done during this thesis shows that Eurocode 2 contains 170 
Nationally Determined Parameters. The discrepancy between 170 and 221 reported from J.R.C. (2007) 
is probably due to different system of numbering. In particular, in this thesis, tables have been counted 
as single parameters, while in J.R.C. work probably not. Moreover, numbering the NDPs is not easy to 
do because of the different types of NDPs, some of those can or cannot be considered national 
parameters. Nevertheless, the order of magnitude is almost the same. For the same reason, the 
number of total NDPs could change from one research study to another, and so, these are not absolute 
figures.  

Analysing in more detail the parameters in Eurocode 2 Part 1-1, it turns out that, also here, the 
number of NDPs is not evenly distributed over all the code. As a matter of fact, it varies from no 
parameters in Section 1 and 10, to 32 parameters in Section 5 and 9. This distribution can be clearly 
observed in Table 4.2. 

The distribution in the classes is even more non-uniform: only 6 and other few uncertain 
parameters fall in the NatPar class, while all the others (164) fall into the ManPar category (see Figure 
4.3). As it has been observed before, this division is not strict, and for this reason there are some 
parameters that can be classified contemporaneously ManPar and NatPar. Regarding the other 
classification, there are only 3 NonNumPar (non-numerical parameters) while the other 167 are 
numerical, the majority of those are NumPar2 (163) and only 4 are NumPar1 (see Figure 4.3). 
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a) b) 

Figure 4.3(a) and (b). a) Classification of NDPs of Eurocode 2 regarding the possible cause. Error bars are not 
in scale, they just symbolised the fact that this categorisation is not strict. B) . Classification of NDPs of Eurocode 2 
into numerical and non-numerical values 

 

Table 4.2. NDPs in each Section of EN1992-1-1. 

Section Number of NDPs 

Section 1 - General 0 

Section 2 - Basis of design 15 

Section 3 - Materials 8 

Section 4 - Durability and cover to 
reinforcement 12 

Section 5 - Structural analysis 32 

Section 6 - Ultimate limit states (ULS) 30 

Section 7 - Serviceability limit states (SLS) 10 

Section 8 - Detailing of reinforcement and 
prestressing tendons - General 5 

Section 9 - Detailing of members and 
particular rules 32 

Section 10 - Additional rules for precast 
concrete elements and structures 0 

Section 11 - Lightweight aggregated concrete 
structures 9 

Section 12 - Plain and lightly reinforced 
concrete structures 3 

Annexes 14 

TOT. 170 
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4.4 List of the Selected Countries and 
Their Policies of Choice 

In this Section there follows an analysis about the different policies followed by the seven 
countries (Denmark, Finland, France, Germany, Italy, Sweden and United Kingdom) for fixing the 
national choices of the parameters. 

On the whole, only 23 parameters out of 170, that represent 13.5 %, have been chosen equal to 
the recommended value contemporaneously in all the seven countries investigated in this thesis. 

Denmark (DK), chose the recommended values for 62 % of the cases, different values for 30 % 
and the remaining 8 % are parameters not founded in the Danish National Annex (2) and parameters 
about Annex A and Annex J of the Eurocode that are not applicable in Denmark.  

Finland (FI) chose the recommended values for 112 parameters (66 % of the total) and different 
values from those recommended for 55 parameters (33 %). The three parameters left are: (i) the 
factor for fatigue verification of concrete under compression or shear (k1 treated in EC2 in 6.8.7(1)); 
(ii) maximum punching shear capacity adjacent to the column for lightweight aggregate concrete 
elements (𝜐 , ) and (iii) parameter that concerns part 2 of Annex J that is not used in Finland. The 
factor k1 mentioned above, has not been defined, aside in Finland, neither in Denmark, France, 
Germany and Italy. The factor 𝜐 ,  (clause 11.6.4.2(2)) has not yet been defined in any country 
because it has been added to the Eurocode only in the last corrigendum. 

France (FR), Italy (IT) and Sweden (SE) have a high percentage of recommended values adopted. 
In fact, they adopt values different from the recommended ones only for 30, 22 and 28 parameters, 
respectively. 

In particular, Italy has 9 parameters that have not been chosen: 7 about Annex A that is not used 
in its territory and the others are k1 and 𝜐 , . France and Sweden have only 2 parameter each that 
has not been: k1 for France and the parameter contained in Annex E (that should not be used in the 
main applications) for Sweden (aside 𝜐 ,  ). 

United Kingdom (UK) is close to the policy of choice of the previous three countries. In fact, it has 
74 % of recommended values adopted, 24 % of different values and only 4 values that have not been 
fixed since Annexes E and J are not in use in UK.  

On the opposite, Germany (DE) has followed a totally different way. Its National Annex gives, 
beside many values of NDPs different from those recommended, a large number non-contradictory 
complementary information. Germany used only 43 % of the recommended values, while 92 
parameters (54 %) have been fixed differently. Aside k1 and 𝜐 , , three other parameters have not 
been decided because Annex J is not used in Germany.  

A clear picture of the situation can be observed in Table 4.3. 

Table 4.3. Number (percentage) of recommended values and different values adopted in the seven countries. 

 DK FI FR DE IT SE UK 

Recommended values 106 
(62 %) 

112 
(66 %) 

138 
(81 %) 

73 
(43 %) 

139 
(82 %) 

140 
(82 %) 

125 
(74 %) 

Different value adopted 51 
(30 %) 

54 
(32 %) 

30 
(18 %) 

92 
(54 %) 

22 
(13 %) 

28 
(16 %) 

40 
(24 %) 

Other (e.g. missed parameters, 
parameters of annexes not applicable) 

13 
(8 %) 

5 
(2 %) 

2 
(1 %) 

5 
(3 %) 

9 
(5 %) 

2 
(1 %) 

5 
(3 %) 



4.5 General Overview of NDPs in 
Eurocode 0 and Eurocode 1 with a 
Comparison between the Selected 
Countries. 

In this Section it is presented a brief analysis of the differences caused by the national choice for 
Eurocodes 0 and 1.  This investigation does not pretend to be complete as the investigation of EC2 
does. In fact, there will be analysed only that parts of EC0 and EC1-1-1 that are useful for defining the 
design loads for some common structures such as residential buildings, gyms, university canteens and 
so on. The reasons behind the decision of analysing just some part of these two Eurocodes derive 
mainly from two points. First, the design of concrete structures must be done accordingly not only 
with Eurocode 2, but also with Eurocodes 0 (basis of structural design), 1 (actions on structures), 7 
(geotechnical structures) and 8 (design of structures for earthquake resistance, if in a seismic zone). 
Second,	  this	  work	  is	  concentrated	  to	  analyse	  differences	  due	  to	  national	  choices	  of	  EC2’s	  parameters.	  
Hence, putting together these two points, it is here presented a short and not complete analysis of the 
differences caused by NDPs of EC0 and EC1-1-1. The influences of Eurocodes 7 and 8 are not treated at 
all because, for a common concrete structure, the former concerns only the foundations and not the 
structure itself; while, the latter, regarding the earthquake resistance, gives further details to be added 
to those given by EC2. Eurocode 8 is therefore an additional design tool. 

On the opposite, Eurocodes 0 and 1 have always to be used before (or together with) the 
Eurocode 2 for defining the design loads. It seems therefore reasonable, for giving a complete picture 
of all the NDP scenario of EC2, to hint at the definition of design loads, since the design of a structure 
has, as main goal, to bear those loads. Regarding Eurocode 1, it will be analysed only the Part 1-1 
(densities, self-weight, imposed loads for buildings) and all the other parts will be neglected. The 
reasons of this decision (aside the general ones discussed so far) are, in particular, that: Part 1-2 
concerns actions on structures exposed to fire and thus is related to EN1992-1-2; Parts 1-6,1-7, 2, 3 
and 4 regard special circumstances that are not treated in this thesis, while the other three parts left 
require a further discussion. In particular, these parts regard: snow loads (Part 1-3), wind loads (Part 
1-4) and thermal actions (Part 1-5) that are all actions that depend upon the environment, climate, 
geography and so on. Analysing the differences between the values of these design actions in different 
countries is useless, this is because these actions cannot be chosen since they are defined through 
statistical calculation based on historical data. It will be interesting, following the same philosophy of 
this thesis, to analyse, under equal conditions (e.g. same historical snow data), how different is the 
final design load in different states. This kind of analysis is, indeed, far from the aim of this thesis, and 
for this reason will be neglected. So, over all the comparison procedures and all the case studies, these 
loads	  won’t	  be	  considered. 

It is important to say that the comparison has been undertaken only for 4 countries due to the 
lack of availability of the National Annexes of the other three states. In particular, aside the 
recommended values given by the codes, only Finland, Italy, Sweden and the United Kingdom have 
been compared. It has been decided to undertake the analysis, though incomplete, for many reasons. 
First of all, because it represents a general method that can be used for comparing other countries; 
second, because between the countries that have been compared there are Sweden and Italy that are, 
for this thesis, certainly of more interest.  
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4.5.1 NDPs of Eurocode 0 

In the Eurocode 0, national choice can be done in the following seven points: 
 A1.1(1): Table for the determination of the design of working life (Table 2.1 at point 2.3(1)); 
 A1.2.1(1): General aspects of the combination of actions when some of those cannot exist 

simultaneously; 
 A1.2.2(Table A1.1): Table for the  factors for different types of action; 
 A1.3.1(1) (Tables A1.2(A) to (C)): Methods for calculating the values of the design actions for EQU 

limit states (A), STR and GEO limit states (B and C); 
 A1.3.1(5): Approaches for design of structural members involving geotechnical actions and the 

resistance of the ground. EC0 suggests three different approaches and Member States has to fix 
which of those can be used in their territory; 

 A1.3.2(Table A1.3): Design values for actions for use in accidental and seismic combinations of 
actions; 

 A1.4.2(2): Serviceability criteria to take into account for the serviceability limit states.  
For the purposes stated before, the most important points are certainly those concerning the 

load combination for the STR limit states (STR is the limit state for internal failure or excessive 
deformation for the structure or structural members, including footings, piles, basement walls, etc.; 
where the strength of construction materials of the structure governs). Thus, the different choices of  
and methods for determining the values of the design actions for STR limit state are here compared.  

The  factors have been chosen equal to the recommended values in all the four countries 
except for the snow loads that are not discussed here. Table A1.1 of the Appendix A of Eurocode 0 is 
therefore used in all these countries.  

Differences arise when analysing the methods for calculating the values of the design actions in 
STR limit state (EQU and GEO limit state will not be treated). The recommended combination of 
actions is given in Equation 6.10 of Eurocode 0: 

 ∑ 𝛾 , 𝐺 , + 𝛾 𝑃 + 𝛾 , 𝑄 , +∑ 𝛾 , 𝛹 , 𝑄 ,   [EC0 Eq. 6.10] (4.1)  

or, alternatively the less favourable of Equations 6.10a and 6.10b: 

 
∑ 𝛾 , 𝐺 , + 𝛾 𝑃 + 𝛾 , 𝛹 , 𝑄 , +∑ 𝛾 , 𝛹 , 𝑄 ,
∑ ξ 𝛾 , 𝐺 , + 𝛾 𝑃 + 𝛾 , 𝑄 , +∑ 𝛾 , 𝛹 , 𝑄 ,         

 [EC0 Eq. 6.10a and b]   (4.2) 

The recommended values of the partial safety coefficients and for the reduction factor are shown 
in Table 4.4 (p. 43) together with the different choices adopted in the investigated countries. As it is 
clearly showed in that table, only UK keeps both the approaches given by the code. Nevertheless, 
comparing the result of Eq. 6.10 with those obtained from the combination of Eq. 6.10a and b, it is 
obvious that the latter gives always smaller design loads than the former. The other countries chose to 
adopt only the less favourable between Eqs. 6.10a and b (FI and SE) while IT adopts only Eq. 6.10. 
There are small differences also in the partial factors for actions. In fact, the factor for permanent loads 
changes between 1.15 and 1.5. Finland adopts different values of this factor in the two equations, 
while Italy adopts two different factors for permanent load depending if they are applied on structural 
or non-structural elements self-weight.  

Another important point is that Finland and Sweden have adopted, in the equations, a parameter 
that take into account the safety level class of the structure (KFI and d respectively).  

In Sweden, for the highest safety class (S.C. 3), the value of this parameter is equal to 1 not 
changing the equations. The most interesting aspect is that, for S.C. 2 and S.C. 1, that correspond to less 
important structures, the value is smaller than 1. Structures in safety class 2 can be for example 
partitions, walls for keeping ground, small one-storey building only in the cases when there are no risk 
of human injuries in case of failure of the structure. Examples of structures in safety class 1 can be 
floor on ground, secondary wall structures, non-bearing elements and foundations. For these two 
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categories, d has a value of 0.91 and 0.83 permitting to have design loads, respectively 9 % and 17 % 
less than the recommended values.  

Concerning Finland, the fact is almost the same, but having KFI equal to 1.1; 1.0 and 0.9 
respectively for S.C. 3, 2 and 1. This means that the design loads for safety class 2 are 9 % less then 
those for S.C. 3; while, for S.C. 1, are 18 % smaller.  

Figure 4.4 shows differences of the design actions for different values of the permanent loads (g) 
over the variable loads (q) ratio. Trends are very different and, in particular, those of Italy, Sweden and 
the U.K. have similar shape with different amplitude, while Finland has a completely different shape.  

There follows a brief analysis for understanding, under a practical point of view, the reasons of 
the main differences. This investigation has been done determining the design load using the 
fundamental combination (persistent and transient design situations) for different g/q ratio 
(permanent loads over variable loads). In particular, it has been found that, in terms of percentage 
difference from the recommended values (r.v.), it was not important the value of the loads itself, but 
only the ratio between g and p. The range of the ratio has been chosen very wide in order to cover all 
the possible real cases. The extreme values have to be interpreted as structures where g (or q) is 
negligible with respect of q (or g). The central values are absolutely those that are more frequent in 
real cases. 

For this analysis, when both methods can be used, it has been kept into account only the second 
approach given by the code (method based on Equations 6.10a and b). Obviously, for Italy Equation 
6.10 has been used because it is not possible to use the second approach in the Italian territory. In 
general, it can be said that, for high values of g/q the less favourable equation is the 6.10a; while, for 
lower	  values	  is	  Eq.	  6.10b.	  The	  “change”	  of	  equation	  causes	  the	  inversion	  of	  the	  slope	  of	  the	  trends.	  In	  
particular, for FI this point has been found for g/q approximately equal to 8, while, for the other 
countries, for the load ratio around 2. This is not valid for Italy because in its territory should be used 
only Equation 6.10. Nevertheless, also the Italian trend present a peak for g/q = 2. 

 
Figure 4.4. Differences (in percentage) with respect of the recommended values of the final design loads for 

different values of the ratio between permanent loads and variable loads (g/q). The horizontal axis reports different 
g/p ratio and it is not in scale. 

 For Italy, two different trends have been represented for catching the different behaviour when the ratio 
between permanent structural load and permanent non-structural load change. In particular, there have been 
shown two different values of this ratio 0.9/0.1 and 0.6/0.4. 

 For Finland KFI=1.1 has been used; while, for Sweden, d=1.0 (both correspond to safety class 3)  
For UK and for the recommended value it has been decided to represent only the values deriving from the 

approach of Equations 6.10a and b because they give lower loads 
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The peaks of the trends can be explained with the change of Equation from 6.10a to b that 
happens because the variable loads become larger than the permanent ones. When q increases, the 
diversities decrease getting closer to the horizontal axis. All the countries, except FI, will get closer to 
the recommended value (0.0 %) because Q has for all the same value and after the peak the variable 
loads become more and more predominant over the permanent loads. Finland, on the contrary, will 
reach the asymptotical value of +10 % because of the presence of KFI (= 1.1) that is multiplied with Q.  

In the left-hand side of the graph, FI has a value of around 9 % due to both the higher value of 
the parameters that multiply GK (more than 25 % of additional loads) and the fact that in eq. 6.10a 
there are not the variable actions. The average of these two effects gives an additional load of around 9 
%. 

More observations have to be done for IT that, for high value of g/q, presents a negative value 
that mean design loads smaller than those recommended. This is observed only when the permanent 
structural loads are predominant over the permanent non-structural loads. The reason is easily 
understandable noting that for the former G is equal to 1.30 (<1.35) while, for the latter G is equal to 
1.50 (>1.35). 

Sweden and U.K. follow the recommended values until g/q reaches values around 4 and 6.  
As observed and explained before, when g/q reaches 2, there is a peak in the trend (excluded FI). 

The value of these peaks depends only upon the factor that multiplies GK in Equation 6.10b (for SE and 
UK) and 6.10 (for IT) since all the variable loads are treated in the same manner. These values are: 
1.148 rec. val.; 1.202 for SE; 1.249 for UK and 1.30 or 1.50 for IT.  

In general it can be said that the structures made of concrete has a self-weight that is of the same 
order of magnitude as the variable loads giving a value of g/q that often falls in the range 0.5/2. The 
same structure, made of steel, will certainly be lighter and so it will fall on the right-hand side of the 
range mentioned above. The same behaviour is expected for the timber structures. In the right part of 
the graph the final design load for Sweden, Italy and UK is more close to the recommended one 
meaning that, for these countries, light structures (steel and timber) have less disadvantages than the 
concrete structures. For Denmark there are no diversities between these three kinds of structures 
because of the percentage difference is stable at the same value (10 %). 
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4.5.2 NDPs of Eurocode 1 Part 1-1. 

In this part of the Eurocode 1, nationally determined parameters are present into the following 
points: 
 2.2(3): Load model for special dynamic analysis when there is risk of resonance; 
 5.2.3(1): Additional provisions for bridges regarding self-weight of construction works; 
 6.3.1.1(Table 6.1): Categories of use for residential, social, commercial and administration areas; 
 6.3.1.2(1)P (Table 6.2): Imposed loads on floors, balconies and stairs in buildings; 
 6.3.1.2(10) and (11): Reduction factor for loads in buildings; 
 6.3.2.2(1)P (Table 6.4): Imposed loads on floors due to storage; 
 6.3.2.2(3) Characteristic values of vertical loads in storage areas; 
 6.3.3.2(1) (Table 6.8): Imposed loads on garages and vehicles traffic areas; 
 6.3.4.2 Table (6.10): Imposed loads on roofs of category H; 
 6.4(1)P (Table 6.12): Horizontal loads on partitions walls and parapets. 

Regarding this thesis, the most important NDPs of this part are certainly those that define the 
category of use and their characteristic loads, In particular, Tables 6.1, 6.2, 6.4, 6.8, 6.10 and 6.12 of EC 
1. 

It is not easy to compare the different choices in a general way because of the huge differences in 
the definition of categories and loads (especially for Germany and U.K.). In fact, it is not possible to 
define clearly for each category which is its relative recommended category in the Code for calculating 
the difference in percentage. This comparison can only be done case by case. Nevertheless, all the 
values of the most important categories are reported in Table 4.5 in order to permit a comparison.  

In Chapter 4 there will be some comparisons of loads based on real cases that have been done 
using the loads reported in the above mentioned table. 
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Table 4.5. Categories and relative variable loads in the seven countries. Categories in the same row do not 
always correspond to the same type of areas. 

Recommended Value DK 

Cat. Specfic 
use Subcat. qk      

[kN/m2] 
Qk      

[kN/m2] Subcat. qk                  
[kN/m2] 

Qk                   
[kN/m2] 

A Areas for 
domestic 
and 
residenti
al 
activities 

rooms in residential 
buildings areas 

2.0 2.0 A1: rooms in 
residential 
buildings and 
houses; bedrooms 
and wards in 
hospitals; 
bedrooms in 
hotels; kitchen and 
toilets 

1.5 2.0 

bedrooms and wards 
in hospitals 

2.0 2.0 A2: eaven voids 0.5 0.5 

bedrooms in hotels 
and hostels 

2.5 
 

2.0 A3: lofts 1.0 0.5 

  
  

  A4: stairways 3.0 2.0 

A5: balconies 2.5 2.0 

B OffIce 
areas 

  3.0 4.5 office and light 
industries 

2.5 2.5 

C Area 
where 
people 
may 
aggregat
e 

C1: area with tables 
etc. 

3.0 4.0 C1: area with 
tables etc. 

2.5 3.0 

C2: areas with fixed 
seats 

4.0 4.0 C2: areas with 
fixed seats 

4.0 3.0 

C3: areas without 
obstacle for moving 
people 

5.0 4.0 C3: areas without 
obstacle for 
moving people 

5.0 4.0 

C4: area with 
possible physical 
activities, 

5.0 7.0 C4: area with 
possible physical 
activities, 

5.0 7.0 

C5: areas 
subsceptible to large 
crowds 

5.0 4.5 C5: areas 
subsceptible to 
large crowds 

5.0 4.5 

D Shopping 
areas 

D1: areas in general 
retail shops 

4.0 4.0 D1: areas in 
general retail 
shops 

4.0 4.0 

D2: areas in 
department stores 

5.0 7.0 D2: areas in 
department stores 

5.0 7.0 
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FI FR 

Subcat. qk                  
[kN/m2] 

Qk                   
[kN/m2] Subcat. qk                  

[kN/m2] 

Qk                   
[kN/m2] 

rooms in residential 
buildings areas 2.0 2.0 rooms in residential 

buildings areas 1.5 2.0 

bedrooms and wards in 
hospitals 2.0 2.0 bedrooms and wards in 

hospitals 2.5 2.0 

bedrooms in hotels and 
hostels 2.5 2.0 bedrooms in hotels and 

hostels 3.5 2.0 

 Office areas 2.5 2.0 Office areas  2.5 4.0 

C1: area with tables etc. 2.5 3.0 C1: area with tables etc. 2.5 3.0 

C2: areas with fixed seats 3.0 3.0 C2: areas with fixed seats 4.0 4.0 

C3: areas without 
obstacle for moving 
people 

4.0 4.0 
C3: areas without 
obstacle for moving 
people 

4.0 4.0 

C4: area with possible 
physical activities, 5.0 4.0 C4: area with possible 

physical activities, 5.0 7.0 

C5: areas subsceptible to 
large crowds 6.0 4.0 C5: areas subsceptible to 

large crowds 5.0 4.5 

D1: areas in general retail 
shops 4.0 4.0 D1: areas in general retail 

shops 5.0 5.0 

D2: areas in department 
stores 5.0 7.0 D2: areas in department 

stores 5.0 7.0 
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DE IT 

Subcat. qk                  
[kN/m2] 

Qk                   
[kN/m2] Subcat. qk                  

[kN/m2] 

Qk                   
[kN/m2] 

A1:Floor not suitable for 
residential purpose 1.0 1.0 rooms in residential 

buildings areas 2.0 2.0 

A2: residential with 
lateral distribuition of 
loads 

1.5 X bedrooms and wards in 
hospitals 2.0 2.0 

A3: residential without 
sufficient lateral 
distribuition of loads 

2.0 1.0 bedrooms in hotels and 
hostels 2.0 2.0 

B1: corridors in office 
buildings, offices, medical 
offices without heavy 
equipment, ward room, 
lounges 

2.0 2.0 B1: private offices 2.0 2.0 

B2: hallways and 
kitchens in hospitals, 
hotels, retirement homes, 
boarding houses in 
corridors, treatment 
rooms in hospitals, 
operating rooms without 
heavy equipment 

3.0 3.0 

B2: public offices 3.0 2.0 

    

B3: all examples of B1 
and B2 but with heavy 
equipment 

5.0 4.0 

C1: areas with tables 3.0 4.0 C1: area with tables etc. 3.0 2.0 

C2: areas with fixed 
seating 4.0 4.0 C2: areas with fixed seats 4.0 4.0 

C3: outdoor walkaway 5.0 4.0 
C3-C5 unique cat 5.0 5.0 

  
    

C4: sport and play areas 5.0 7.0 

C5: areas for large 
gatherings (concert hall)   5.0 4.0 

D1: areas of showrooms 2.0 2.0 D1: areas in general retail 
shops 4.0 4.0 

D2: spaces in retail stores 
and department stores 5.0 4.0 D2: areas in department 

stores  
5.0 
 

5.0 
 

D3: space D2 but with 
increased units loads 
high storage shelves 

5.0 7.0    
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SE UK 

 Subcat. qk                  
[kN/m2] 

Qk                   
[kN/m2]  Subcat. qk                  

[kN/m2] 

Qk                   
[kN/m2] 

floors 2.0 2.0 

A1: all usage within self-contained 
dwelling units (a unit occupied by 
a single-family or a modular 
student 48heatres48tion unit 
with a secure door and 
comprising not more than six 
single bedroom and an internal 
corridor). Communal areas 
(including kitchens) in blocks of 
flats with limited use (see note1) 
(for communal areas in other 
blocks of flats, see C3 and below) 

1.5 2.0 

stairs 2.0 2.0 

A2: Bedrooms and dormitories 
except those in self-contained 
single family dwelling units and in 
hotels and motels 

1.5 2.0 

balconies 3.5 2.0 
A3: Bedrooms in hotels and 
motels; Hospital Wards; Toilet 
Areas Billiard Rooms  

2.0 2.0 

wind floors I 1.0 1.5 A4: Billiard rooms 2.0 2.7 

wind floors II 0.5 0.5 A5: Balconies in single family 
dwelling units and communal 
areas in blocks of flats with 
limited use (See NOTE 1) 

2.5 2.0 

  
  
  
  

A6: Balconies in guest houses, 
residential clubs and  communal 
areas in blocks of flats except as 
48heatre by note 1 

same as 
the rooms 
to which 
they give 
access 
but with a 
minimum 
if 3.0 

2.0 

A7: Balconies Hotels and Motels 

same as 
the rooms 
to which 
they give 
access 
but with a 
minimum 
if 4.0 

2.0 

office 
  2.5 3.0 

B1: Offices for general use 2.5 2.7 

B2: Banking halls 3.0 2.7 

C1: Areas with tables, 
etc. eg facilities in 
schools; 
cafes, restaurants, 
canteens, reading 
rooms, reception 
areas 

2.5 3.0 

C1: Areas with tables – Public, 
institutional and communal 
dining rooms and lounges, cafes 
and restaurants (See NOTE 2)  

2.0 3.0 
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C2: Areas with fixed 
seats, such as 
churches, 49heatres 
or cinemas, 
conference halls, 
lecture halls, , waiting 
rooms and waiting 
rooms at railway 
stations. 

2.5 3.0 C11: Areas with tables – Reading 
rooms with no book storage 2.5 4.0 

C3: Areas without 
obstacles for moving 
people, eg 
museums, exhibition 
halls, etc., and 
communication 
spaces in public 
buildings, hotels, 
hospitals and 
railway stations. 

3.0 3.0 C12: Areas with tables – 
Classrooms 3.0 3.0 

C4: Areas where 
physical activity may 
occur, 
e.g. dance halls, 
gymnasiums, theatres. 

4.0 4.0 
C2: Areas with fixed seats -  
Assembly areas with fixed seating 
(see NOTE 3) 

4.0 3.6 

C5: Areas where large 
crowds may be 
present, 
e.g. in buildings 
designed for public 
gatherings 
such as concert halls, 
sports halls, including 
standing room crowd, 
terraces and 
communication 
facilities and 
platforms 
to railways. 

5.0 4.5 

C21: Areas with fixed seats – 
Places of worship 3.0 2.7 

C3: Areas without obstacles for 
moving people – Corridors, 
hallways, aisles, etc. in 
institutional type buildings 
(pedestrian traffic only, i.e. not 
subject to crowds or wheeled 
vehicles), hostels, guest houses, 
residential clubs, and communal 
areas in blocks of flats not 
covered by NOTE 1. (For 
communal areas in flats covered 
by NOTE 1, see A) A, B and D)  

3.0 4.5 

  
  
  
  
  
  
  
  
  

C31: Areas without obstacles for 
moving people – stairs, landings 
etc. in institutional type buildings 
(pedestrian traffic only, i.e. not 
subject to crowds or wheeled 
vehicles), hostels, guest houses, 
residential clubs, and communal 
areas in blocks of flats not 
covered by NOTE 1. (For 
communal areas in flats covered 
by NOTE 1, see A) – C11 2.5 4.0  

3.0 4.0 

C32: Areas without obstacles for 
moving people – Corridors, 
hallways, aisles, etc. in all other 
buildings including hotels and 
motels and institutional buildings 
(pedestrian traffic only).  

4.0 4.5 

C33: Areas without obstacles for 
moving people – Corridors, 
hallways, aisles, etc. in all other 
buildings including hotels and 
motels and institutional buildings 
subject to  
wheeled vehicles, trolleys etc.  

5.0 4.5 
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C34: Areas without obstacles for 
moving people – Stairs, landings, 
etc. in all other buildings 
including hotels and motels and 
institutional buildings (pedestrian 
traffic only)  

4.0 4.0 

C35: Areas without obstacles for 
moving people – Industrial 
walkways Light duty  ((Access 
suitable for one person, walkway 
width approx. 600mm)  

3.0 4.0 

C36: Areas without obstacles for 
moving people – Industrial 
walkways/ General duty (Regular 
two-way pedestrian traffic)  

5.0 4.0 

C37: Areas without obstacles for 
moving people -  Industrial 
walkway/ Heavy Duty (High 
density pedestrian traffic 
including escape routes) 

5.0 4.5 

C38: Areas without obstacles for 
moving people – Museum floors 
and art galleries for exhibition 
purposes 

4.0 4.5 

C4:Areas with possible physical 
activities -  Dance Halls and 
studios, gymnasia, stages  (See 
NOTE 5)  

5.0 3.6 

C41:Areas with possible physical 
activities-Drill Halls and drill 
rooms  (NOTE 5) 

5.0 7.0 

C5:Areas susceptible to large 
crowds – Assembly areas without 
fixed seating, concert halls, bars, 
places of worship (See NOTES 4 
and 5)  

5.0 3.6 

C51: Areas susceptible to large 
crowds – Stages in public 
assembly areas (NOTE 5) 

7.5 4.5 

D1: Premises for retail
. 4.0 4.0 D1/D2: Shop floors for the sale 

and display of merchandise.  
  

4.0 3.6 
D2: Facilities in depart
ment stores. 5.0 7.0 
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4.6 Analysis of NDPs in Eurocode 2 Part 1-
1 with Comparison among the 
Selected Countries. 

4.6.1 Outline of the Analysis 

In this Subsection there will be a presentation and discussion of the NDPs of Eurocode 2 Part 1-
1. 

The aim of this analysis consists of analysing, without practical examples and calculations, the 
different choices that have been done by countries, and compare one with each other. So, only a 
“theoretical”	  comparison	  and	  some	  consequences	  are	  analysed	  here,	  not	  regarding	  real	  cases.	  These	  
real cases will be treated in Chapter 5.  

The importance of this part of the thesis is crucial because it is a general way to compare NDPs 
that could then be used also for other countries that do not fall within those compared in this work. 
Moreover, these estimated differences try to cover all the most common cases for having a complete 
scenario that could not be clear only throughout some case studies unless there are an infinite number 
of them. 

Throughout this analysis, there will be calculated the differences in terms of percentage points 
caused by one or more parameters. It follows that this part will be useful for estimating how a single 
(or a bunch of) parameter(s) can influence the design process; while, in Chapter VI, the case studies 
will give results that keep into account the influence of al lot of NDPs, not showing clearly the 
differences of a single parameter. In addition, the case studies will also be useful for confirming the 
rightness of these estimations and, therefore, confirm that this part could be used in all the most 
common structures for estimating the differences that arise in each design steps. 

This Subsection will be divided in many parts, one for each Section of the code. Presenting the 
NDPs, there will be reported their recommended value and all the national choices that differ from 
that. Hereinafter, in general, a country choice will not be mentioned when it follows the recommended 
value (r.v.). Moreover, the differences, when expressed in percentage points, will be calculated with 
respect of the recommended value or, when a range is given, with respect of the central value of the 
range or both the extreme values of it. When needed, the lists are ordered following the alphabet order 
(Denmark – DK, Finland – FI, France – FR, Germany – DE, Italy – IT, Sweden – SE and the United 
Kingdom – UK). Here and in all the following parts of the thesis, the parameters, cases, examples, 
classes and so on, will always be chosen thinking at the most common situations. This is for covering 
the majority of concrete structures, and not focusing on special circumstances that are few in number.  

It is important to highlight that, for all the reasons stated before, in this Subsection there will be 
treated only that parts of the code that contains NDPs, while the other parts will not be treated. On the 
opposite, in Chapter 5, there will be covered all the main topics of EC2 because also those parts that do 
not contains NDPs (e.g. bending) are influenced by national parameters of the other parts and sections. 
Thus, in Chapter 5, throughout case studies, all the NDPs of different sections will be used giving final 
results that are influenced by all the parameters that have been used.  

It has been decided to proceed in this way because, through case studies, though covering a wide 
range of situations, it is not possible to show the influence of a single (or a bunch of) parameter(s) in a 
general way. 
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4.6.2 Section 2 –  Basis of Design 

 2.3.3(3) Distance of joints in buildings structures: 

𝑑 = 30  m  

– FI: the joints are always designed separately especially taking into account the way of 
foundation; 

– FR: the distance depends on the geographical position and varies between 25 m in region with 
high temperature range and 50 m in region with temperate and humid climate; 

– DE: the joints must be decided case by case. 
The decision of FR leads to a reduction of the number of joints where, due to the temperate 

climate, they should be placed at larger distance. For the other countries this parameters do not 
changes with the climate. 

 
 2.4.2.1(1) to 2.4.2.5(2) Partial safety factors: 

the values of the partial safety factors are reported in Table 4.6. 
 

Table 4.6. Partial safety factors that can be fixed at a national level (NDPs) with the values chosen by each 
country. Rows shaded in light grey are those parameters that have been chosen equal to the recommended values in 
all the 7 countries. (r.v. = recommended value). For some cases where there is not a single number, there are the 
references of the National Annex where it is explained the choice of the parameter. 

# ref  Name of the parameter r.v., FI 
and SE DK FR DE IT UK 

2.4.2.1(1) γSH 
Partial safety factor for shrinkage 
action 1 r.v. r.v. r.v. r.v. r.v. 

2.4.2.2(1) γP,fav 
Partial safety factor for prestress 
(favourable action) 1 r.v. r.v. r.v. r.v. 0.9 

2.4.2.2(2) γP,unfav 
Partial safety factor for prestress 
(unfavourable action) 1.3 1.2 r.v. 1 r.v. 1.1 

2.4.2.2(3) γP,unfav 
Partial safety factor of local effects for 
prestress (unfavourable action) 1.2 r.v. r.v. 1.35 r.v. r.v. 

2.4.2.3(1) γF,fat Partial safety factor for fatigue loads 1 r.v. r.v. r.v. r.v. r.v. 

2.4.2.4(1) 

γC 
Partial safety factor for concrete 
(Persistent & Transient design 
situation) 

1.5 
see the NA 
Table 2.1a 
and 2.1b 

r.v. r.v. r.v. r.v. 

γS 

Partial safety factor for reinforcing 
steel (Persistent & Transient design 
situation) 

1.15 
see the NA 
Table 2.1a 
and 2.1b 

r.v. r.v. r.v. r.v. 

γS 
Partial safety factor for prestressing 
steel (Persistent & Transient design 
situation) 

1.15 
see the NA 
Table 2.1a 
and 2.1b 

r.v. r.v. r.v. r.v. 

γC Partial safety factor for concrete 
(Accidental design situation) 1.2 1 r.v. 1.3 1 r.v. 

γS 
Partial safety factor for reinforcing 
steel (Accidental design situation) 1 r.v. r.v. r.v. r.v. r.v. 

γS 
Partial safety factor for prestressing 
steel (Accidental design situation) 1 r.v. r.v. r.v. r.v. r.v. 

2.4.2.4(2) 
γC Partial safety factor for concrete in 

SLS 1 r.v. r.v. r.v. r.v. r.v. 

γS Partial safety factor for steel in SLS 1 r.v. r.v. r.v. r.v. r.v. 

2.4.2.5(2) kf Factor	  for	  γC for cast in place piles 1.1 1 
see NF 
P 94-
262 

r.v. 1 r.v. 

 
– DK: partial safety factors for materials have to be determined case-by-case taking into account 

the construction procedures (in situ, prefabricated, prefabricated with tests), the inspection 
level (𝛾 ) and the material property for which the factor will be used (compressive strength, 
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Young’s	  modulus,	   tensile	  strength	  etc.)	   as	  well	   as	   the	  material. The most common situations 
have normal inspection level (𝛾 = 1) and, for a persistent and transient design situation, the 
partial safety factors are reported in Table 4.7. 

 
Table 4.7. Examples of partial safety factor for Denmark in the most common situation (normal inspection 

level) for transient and persistent situation. 

𝜸𝐂 In situ 
structures 

Prefabricated 
structures 

Compressive	  str.	  and	  Young’s	  modulus for 
reinforced concrete (r.c.) 1.45 1.40 

Compressive	  str.	  and	  Young’s	  modulus	  for	  
unreinforced concrete (u.c.) 1.60 1.55 

Tensile str. of concrete 1.70 1.60 
Strength of reinforcement 1.20 1.20 

 
 

It follows from Table 4.7 that, under the conditions explained before, the partial safety factor 
for concrete varies between 1.45 and 1.70 for in situ structures that are often made of non-pre-
stressed concrete; while, for prefabricated elements it varies from 1.40 up to 1.60. The partial safety 
factor for reinforcement steel is equal to 1.20.  

– FR: for the factor that is multiplied with 𝛾  for concrete used in piles, there is a reference to the 
French norm in which there are well specified the values (it is not reported here because of is 
far from the field covered by this thesis). 

For calculating the design strength of a certain material according to the Eurocode 0, the 
characteristic value of the strength must by divided by the partial safety factors. Table 4.8 reports the 
difference of the design strength due only to the different choices of the partial factors. These 
differences have been determined using the following formula (example for Denmark): 

 𝑓 =               (𝑓 =   𝛼 𝑓   for  concrete  and  𝑓   for  steel) (4.3) 
. .

. . 100 = Δ𝑓 %   (4.4) 

Table 4.8. Difference in design strength values due to only the partial safety factors. For DK it has been 
reported the range related to the factor range 1.45/1.70. For FR, in the last row, the value has not been reported 
because of not important for the thesis. (*Accidental design situation). Further explanations are given in Table 4.6, 
p. 52). 

# ref  DK FI FR DE IT SE UK 

2.4.2.4(1) 

γC 3%/-13 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 
γS -4.4 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 
γS -4.4 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 
γC* 16.7 % 0.0 % 0.0 % -8.3 % 16.7 % 0.0 % 0.0 % 
γS* 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 
γS* 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 

2.4.2.4(2) 
γC 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 
γS 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 

2.4.2.5(2) kf 9.1 % 0.0 % n.a. 0.0 % 9.1 % 0.0 % 0.0 % 
 

For the persistent and transient design situation, only DK has different values of the partial 
safety factors that lead to a smaller design strength. On the opposite, for the accidental design 
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situation, DK together with DE and IT have different values of the concrete design strength, reaching 
important differences. 

4.6.3 Section 3 - Materials 

 3.1.2(2)P Maximum strength class of concrete: 

𝐶 = 𝐶 /  

– DE: 𝐶 = 𝐶 /  but above 𝐶 = 𝐶 /  the concrete members must be designed following 
the German standard DIN 1045-2; 

– IT: 𝐶 = 𝐶 /  but classes 𝐶 = 𝐶 /  and 𝐶 = 𝐶 /  can be used only under national 
authorisation; 

– SE: 𝐶 = 𝐶 / ; 
– UK: 𝐶 = 𝐶 / , but the shear strength of concrete classes higher than 𝐶 = 𝐶 /  must be 

determined by tests, unless special cases (see the British NA). 
 
 3.1.2(4) Factor for concrete strength when it is determined at an age t>28 days (to be used when 

concrete strength is determined after 28 days for multiplying the values of 𝛼  and 𝛼  defined in 
3.1.6(1)P and 3.1.6(2)P):  

𝑘 = 0.85 

– DK: 𝑘   has to be determined on the basis of documented relation between the strength and 
time; 

– FI, IT, SE and UK: 𝑘 = 1.00; 
– DE: 𝑘   has to be determined according to the strength development of each individual class. 

About the four countries that select 𝑘 = 1.00  it could be said that this parameter lead to a 
design strength 15 % higher that the recommended one, but, as it is showed afterwards, this difference 
is compensated by the value of 𝛼 . (𝛼 . . = 1.00;   while  for  other  four  countries  is  𝛼 = 0.85) . 

The decision of DK and DE to not fix the value of this parameter, leaving it to more precise 
determinations, could give design strength closer to the real value.  

 
 3.1.6(1)P Coefficient for concrete taking account of long term effect on the compressive strength 

and of unfavourable effects resulting from the way that load is applied: 
See Table 4.9 with the following additional information: 

– UK: 𝛼 = 0.85 for compression in flexure and axial loading, 𝛼 = 1.00 for other phenomena. 
However, 0.85 can be taken as a conservative choice; 

Following the same procedure used for calculating the data of Table 4.8, the different values of 
the coefficient 𝛼 , together with the values of the partial safety factor, produce the following 
variations of the design strength: 
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Table 4.9. Differences in the design strength (fcd) due to both 𝛼  and 𝛾  for the persistent & transient design 
situation and the accidental design situations. 

 

𝜶𝐜𝐜 
∆𝒇𝐜𝐝% 

(due to only 
𝜶𝐜𝐜) 

  𝜶𝐜𝐜 𝛄𝐂 ∆𝒇𝐜𝐝%   𝜶𝐜𝐜 𝛄𝐂 ∆𝒇𝐜𝐝% 

(persistent and transient design 
situation) (accidental design situation) 

r.v., FR 
and SE 1.00 0.0 1.00

1.50 = 0.667 0.0 1.00
1.20 = 0.833 0.0 

DK 1.00 0.0 1.00
1.45 = 0.690 + 3.4 1.00

1.00 = 1.000 + 3.4 

FI and 
UK 0.85 −  15.0 0.85

1.50 = 0.567 −  15.0 0.85
1.20 = 0.708 −  15.0 

DE 0.85 −  15.0 0.85
1.50 = 0.567 −  15.0 0.85

1.30 = 0.654 −  21.5 

IT 0.85 −  15.0 0.85
1.50 = 0.567 −  15.0 0.85

1.00 = 0.850 + 2.0 

 
 3.1.6(2)P Coefficient for concrete taking account of long term effect on the tensile strength and of 

unfavourable effects resulting from the way that load is applied: 

𝛼 = 1.00 

For this parameter, all the seven countries follow the recommended value. 
 3.2.2(3)P Upper limit of the yield strength for reinforcing steel: 

𝑓 = 400   ÷ 600  MPa 

The Eurocode, in this point, specifies that the application rules for design and detailing that it 
gives, are valid only for reinforcing steels with the yield strength that fall within this range. Thus, 
Member states have to fix the upper yield strength that should lie between these two limits.  

– DK: 𝑓 = 650  MPa; 
– FI: 𝑓 = 400   ÷ 700  MPa; 
– FR: 𝑓 = 500  MPa   (can be extended up to 600 MPa under national authorisation and crack 

width verification) 
– DE: 𝑓 = 500  MPa; 
– IT: 𝑓 = 450  MPa; 
– SE and the UK: 𝑓 = 600  MPa; 

It is clear that DK and FI use higher yield strength limit than that recommended. Seeing what 
stated above, it will be assumed that, for fall within the Code’s	  specifications,	  the	  upper limit for these 
two countries will be 600 MPa. It then follows that: 

– r.v., DK, FI, (FR), SE and the UK: 𝑓 ≤ 600  MPa; 
– FR and DE: 𝑓 ≤ 500  MPa; 
– IT: 𝑓 ≤ 450  MPa. 

The selection of this limit is certainly influenced by the seismicity of the territory, since high 
seismicity risk requires high ductile structures that can be better constructed using lower yield 
strength.  

The influence of the partial safety factor on the design yield strength (𝑓 ) is shown in Table 4.8, 
while the maximum design yield strength is shown in the following table: 
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Table 4.10.Maximum design yield strength for the reinforcing steel. 
 

𝒇𝐲𝐝 ∆𝒇𝐲𝐝% 

r.v., FI, SE and the UK 600
1.15 = 521.7 0.0 

DK 600
1.20 = 500.0 −  4.2 

FR and DE 500
1.15 = 434.8 −  16.7 

IT 450
1.15 = 391.3 −  25.0 

 
 3.2.7(2) Strain limit of the inclined top branch of the design stress and strain relation for 

reinforcing steel: 

𝜀 = 0.9  𝜀  

– DK: 𝜀 = 𝑓
𝐸 ; 

– FI: 𝜀 = 1.0  %; 
– DE: 𝜀 = 2.5  %. 

 
 3.3.4(5) Lower limit of the 𝑓  over 𝑓 ,  ratio for the ductility of the prestressing steel: 

𝑘 = 1.1            
𝑓
𝑓 ,

≥ 𝑘  

For this parameter there are no differences among the 7 investigated countries. 
 3.3.6(7) Strain limit of the inclined branch of the design stress and strain relation for pre-stressing 

steel: 

𝜀 = 0.9  𝜀 . 

– FI: 𝜀 = 2.0  %; 
– DE: 𝜀 (0) + 0.025 ≤ 0.9𝜀  (𝜀 (0) is the pre-strain of the pre-stressing steel) 

4.6.4 Section 4 –  Durability and Cover to 
Reinforcement and Annex E –  Indicative 
Strength Classes for Durability 

This Subsection covers a very important part for the concrete structures, in fact, the durability of 
this material is certain one of the main point to keep in mind when designing. Moreover, the durability 
obviously depends upon the weather and environmental conditions, and therefore it changes a lot 
from one country to another. It is probably for this reason that countries decided to follow different 
ways for afford the durability problem. 

The whole section is based on Table 4.1 of the EC2 that states the exposure classes in accordance 
to the European norm EN206-1. It is important to highlight that this table is not a national parameter 
and for this reason should be followed by all countries. In addition, the note of this table refers to 
Annex E of the Eurocode that gives indicative strength classes for the particular environment exposure 
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classes (Table E.1N). Since this table of Annex E is subjected to national choices (NDP) and Annex E is 
strictly related to Section 4, they will be treated together in the following part of the thesis. 

Some countries use Table 4.1 of the code with different approaches and additional information 
that are described below: 

– DK: four environmental classes are applied: (P) passive, (M) moderate, (A) aggressive and (E) 
extra aggressive. The exposure classes (Table 4.1, EN1992-1-1) are assigned to the four 
environmental classes as stated in Table 2426-1 (DS 2426).  

Table 4.11. Environmental classes according with Table 2426-1 of the Danish national annex. The NA gives 
also some examples of environment classes to which individual structural members should normally be assigned. 

Environmental 
class P M A E 

Exposure classes 
covered (Table 4.1 
EC2) 

X0 
XC1 

XC2 
XC3 
XC4 
XF1 
XA1 

XD1 
XS1 
XS2 
XF2 
XF3 
XA2 

XD2 
XD3 
XS3 
XF4 
XA3 

 
– FR: French national annex gives additional information on the use of Table 4.1. In particular, 

for the exposition class XF, when the concrete follows the prescriptions given by EN206-1, the 
cover will be determined using an equivalent class. In practical terms, the table gives the 
corresponding class (XC or XD) for each XF class knowing the frequency of the use of de-icing 
salts; the design will then continue using this corresponding class. 

Table 4.12. Table given by the French national annex that has to be used together with Table 4.1 of EC2 
 Exposition class 

XF1 XF2 XF4 XF4 

Type of 
de-icing 
procedure 

Low 
frequency XC4 No specification 

given 

XC4 (for concrete 
without air 

entrainment) 
XD1 (for concrete 

with air 
entrainment) 

No specification 
given 

Normal 
frequency No specification 

given 

XD1, XD3 for very 
exposed elements No specification 

given 

XD2, XD3 for very 
exposed elements 

High 
frequency 

No specification 
given XD3 

 
 E.1(2): Indicative strength classes: 

Table 4.13. Recommended strength class for each exposure class according with Table E.1N of Annex E of the 
EC2. 

Exposure class 
Corrosion Concrete damage 

Carbonation-induced 
corrosion 

Chloride-
induced 

corrosion 

Chloride-
induced 

corrosion 
from sea 

water 

No 
risk Freeze/thaw attack Chemical 

attack 

XC1 XC2 XC3 
and 
XC4 

XD1 
and 
XD2 

XD3 XS1 XS2 
and 
XS3 

X0 XF1 XF2 XF3 XA1 
and 
XA2 

XA3 

C20/25 C25/30 C30/37 C30/37 C35/45 C30/37 C35/45 C12/15 C30/37 C25/30 C30/37 C30/37 C35/45 
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– DK: The requirement on concrete is given through minimum value of 𝑓  and related to the 
Danish environmental classes 
 

 Exposure class 
E A M P 

Minimum 𝒇𝐜𝐤 40 35 25 12 

 
– FI: Table E.1N does not apply in Finland. Table F.1-FI of the national annex of standard EN206-

1 shall be applied. 

Table 4.14. Minimum strength class (design working life 50 years)  for FI according with table F.1-FI in the 
Finnish National Annex of standard EN 206-1. 

 Exposure class according to Table 4.1 
X0 XC1 XC2 

XC3 
XC4 XD1 XS1 XD2 XD3 

XS2 
XS3 

Minimum 
strength class C12/15 C20/25 C25/30 C30/37 C30/37 C35/45 C30/37 C35/45 

 
– FR: Annex E in FR has a normative value. The national annex gives the minimum 

strength classes (see Table 4.15 and Table 4.16). 

Table 4.15. Minimum strength class for FR (non pre-fabricated elements) according with table E.1.1 NF of the 
French national annex. The table comes from the French annex of EN 206-1. 

Exposure class 
Corrosion Concrete damage 

Carbonation-
induced corrosion 

Chloride-induced 
corrosion 

Chloride-
induced 

corrosion 
from sea 

water 

No 
risk 

Freeze/thaw attack Chemical attack 

XC1 XC2 XC3 
and 
XC4 

XD1  XD2  XD3 XS1 
and 
XS2 

XS3 X0 XF1 XF2 XF3 XA1  XA2 XA3 

C20/25 20/25 C25/30 C25/30 C30/37 C35/45 C30/37 C35/45 - C25/30 C25/30 C30/37 C30/37 C35/45 C40/50 

Table 4.16. Minimum strength class for FR (pre-fabricated elements) according with table E.1.2 NF of the 
French national annex. The table comes from the French annex of EN 206-1. 

Exposure class 
Corrosion Concrete damage 

 
Carbonation-

induced corrosion 
Chloride-induced 

corrosion 
Chloride-induced 

corrosion from sea 
water 

No 
risk 

Freeze/thaw 
attack 

Chemical attack 

XC1 XC2 
XC3 
and 
XC4 

XD1 XD2 XD3 XS1 XS2 XS3 X0 
XF1 
XF2 
XF3 

XA1 XA2 XA3 

C25/30 
C30/37 C30/37 C35/45 C35/45 C35/45 C40/50 C35/45 C40/50 C40/50 C20/25 C35/45 C35/45 C35/45 C40/50 

 
– DE: Annex E has a normative value and the German national annex gives the following 

minimum strength class: 
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Table 4.17. Minimum concrete strength classes for DE (Table NA.E.1 of the German NA). 
Exposure class 

Corrosion Concrete damage 
Carbonation-induced 

corrosion 
Chloride-
induced 

corrosion 

Chloride-
induced 

corrosion 
from sea 

water 

 No risk 
Freeze/thaw attack 

Chemical attack 

XC1 XC2 XC3 XC4 XD1  XD2 
and 
XD3 

XS1 XS2 
and 
XS3  

X0 XF1 XF2 XF3 XF4 XA1  XA2 XA3 

C16/20 C16/20 C20/25 C25/30 C30/37 
a 

C35/45 
a or c 

C30/37 
a 

C35/45 
a or c 

C12/15 C25/30 C25/30
b 
C35/45
c 

C25/30
b 
C35/45
c 

C30/37 
b,d,e 

C25/30 C35/45 
a or c 

C35/45 
a 

a)  lower when using air entrainment concrete, for example due to simultaneous request from the exposure class XF; 
b)  the minimum concrete strength class are for air-entrained concrete with minimum requirements for the average air 
content in fresh concrete according to DIN 1045-2; 
c)  lower in the case of slowly or very slowly hardening concrete.  
d)  low moisture content with	  w/c≤0.40,	  even	  without	  air	  entrainment; 
e)  when using a CEM III-B, follow DIN 1045-2:2008. 

 
– IT: Annex E in IT is only informative. Strength classes must be determined using Table E.1N of 

the Italian national annex. 

Table 4.18. Minimum concrete strength classes for IT (Table E.1N of Italian NA). 
Exposure class 

Corrosion Concrete damage 
Carbonation-induced 

corrosion 
Chloride-
induced 

corrosion 

Chloride-
induced 

corrosion from 
sea water 

No 
risk 

Freeze/thaw attack Chemical 
attack 

XC1 XC2 XC3 
and 
XC4 

XD1 
and 
XD2  

XD2  XS1 XS2 
and 
XS3  

X0 XF1 XF2 XF3 XA1 
and 
XA2 

XA3 

C25/30 C25/30 C30/37 C30/37 C35/45 C30/37 C35/45 C12/15 C30/37 C30/37 C30/37 C30/37 C35/45 
 

– The UK: use table NA.2 and NA.3 of the UK national annex instead of Annex E that cannot be 
used. 
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Table 4.19. Recommendation for normal-weight concrete quality for exposure classes XC, XD and XS and 
cover to reinforcement for a 50 years intended working life and 20 mm maximum aggregate size (Table NA.2 of the 
UK NA). 

Exposure conditions a Cement/ 
combinatio
n types b 

Nominal cover (𝒄𝐦𝐢𝐧 + ∆𝒄𝐝𝐞𝐯)c to reinforcement (including 
prestressing steel) in mm and associated recommended 
designed concrete and equivalent designated concrete d 

𝟏𝟓 + 
∆𝒄𝐝𝐞𝐯 

𝟐𝟎 + 
∆𝒄𝐝𝐞𝐯 

𝟐𝟓 + 
∆𝒄𝐝𝐞𝐯 

𝟑𝟎 + 
∆𝒄𝐝𝐞𝐯 

𝟑𝟓 + 
∆𝒄𝐝𝐞𝐯 

𝟒𝟎 + 
∆𝒄𝐝𝐞𝐯 

𝟒𝟓 + 
∆𝒄𝐝𝐞𝐯 

𝟓𝟎 + 
∆𝒄𝐝𝐞𝐯 

Carbonatio
n induced 
corrosion 

XC1 Dry or 
permanen
tly wet 

All C20/2
5, 0.7, 
240 

⇐ ⇐ ⇐ ⇐ ⇐ ⇐ ⇐ 

XC2 Wet, 
rarely dry 

All -- -- C25/3
0, 0.6, 
260 

⇐ ⇐ ⇐ ⇐ ⇐ 

XC3 Moderate 
humidity 

All except 
IVB 

-- C40/5
0, 0.45, 
340 

C32/4
0, 0.55, 
300 

C28/35, 
0.60, 
280 

C25/3
0, 0.65, 
260 

⇐ ⇐ ⇐ 

XC4 Cyclic wet 
and dry 

Chloride 
induced 
corrosion 
excluding 
chlorides 
from 
seawater 

XD1 Moderate 
humidity 

All -- -- C40/5
0, 0.45, 
360 

C23/40, 
0.55,032
0 

C28/3
5, 0.60, 
300 

⇐ ⇐ ⇐ 

XD2 Wet, 
rarely dry 

I, IIA, IIB-S, 
SRPC 

-- -- -- C40/50, 
0.40, 
380 

C32/4
0, 0.50, 
340 

C28/35, 
0.55, 
320 

⇐ ⇐ 

IIB-V, IIIA -- -- -- C35/45, 
0.40,380 

C28/3
5, 0.50, 
340 

C25/30, 
0.55, 
320 

⇐ ⇐ 

IIIB, IVB -- -- -- C32/40, 
0.40, 
380 

C25/3
0, 0.50, 
340 

C20/25, 
0.55, 
320 

⇐ ⇐ 

XD3 Cyclic wet 
and dry 

I, IIA, IIB-S, 
SRPC 

-- -- -- -- -- C45/55, 
0.35, 
380 

C40/5
0, 0.40, 
380 

C35/4
5, 0.45, 
360 

IIB-V, IIIA -- -- -- -- -- C35/45, 
0.40, 
380 

C32/4
0, 0.45, 
360 

C28/3
5, 0.50, 
340 

IIIB, IVB -- -- -- -- -- C32/40, 
0.40, 
380 

C28/3
5, 0.45, 
360 

C25/3
0, 0.50, 
340 

Carbonatio
n induced 
corrosion 

XS1 Airborne 
salts but 
not direct 
contact 

I,IIA,IIB-S, 
SRPC 

-- -- -- C50/60, 
0.35, 
380 

C40/5
0, 0.45, 
360 

C35/45, 
0.50, 
340 

⇐ ⇐ 

IIB-V, IIIA -- -- -- C45/55, 
0.35, 
380 

C35/4
5, 0.45, 
360 

C32/40, 
0.50,340 ⇐ ⇐ 

IIIB, IVB -- -- -- C35/45, 
0.40, 
380 

C28/3
5, 0.50, 
340 

C25/30, 
0.55,032
0 

⇐ ⇐ 

XS2 Wet, 
rarely dry 

I, IIA, IIB-S, 
SRPC 

-- -- -- C40/50, 
0.40, 
380 

C32/4
0, 0.50, 
340 

C28/35, 
0.55, 
320 

⇐ ⇐ 

IIB-V, IIIA -- -- -- C35/45, 
0.40, 
380 

C28/3
5, 0.50, 
340 

C25/30, 
0.55, 
320 

⇐ ⇐ 

IIIB, IVB -- -- -- C32/40, 
0.40, 
380 

C25/3
0, 0.50, 
340 

C20/25, 
0.55, 
320 

⇐ ⇐ 

XS3 Tidal, 
splash 
and spray 
zones 

I, IIA, IIB-S, 
SRPC 

-- -- -- -- -- -- C45/5
5, 0.35, 
380 

C40/5
0, 0.40, 
380 

IIB-V, IIIA -- -- -- -- -- C35/45, 
0.40, 
380 

C32/4
0, 0.45, 
360 

C28/3
5, 0.50, 
340 

IIIB, IVB -- -- -- -- -- C32/40, 
0.40, 
380 

C28/3
5, 
0.45, 
360 

C25/3
0, 
0.50, 
340 

NOTE 1:⇐ indicates that the concrete given in the cell to the left applies. 
NOTE 2: reference should be made to BS 8500-1;2002.Annex A. 
a) Exposure conditions conform to BS En 206-1:2000. 
b) Cement/combinations types are defined in BS 8500-2:2002 Table 1. 
c) For values of ∆𝒄𝐝𝐞𝐯 see BS EN 1992-1-1:2003 4.4.1.3(1) and (2). 
d) The recommended design concrete is taken from BS 8500-1:2002 and described in this table in terms of strength 
class . maximum w/c ratio and minimum cement content in kg/m3.  
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Table 4.20. Recommendations for normal-weight concrete quality for exposure class XC and cover to 
reinforcement for a 100 years intended working life and 20 mm maximum aggregate size (Table NA.2 of the UK 
NA).  
Exposure conditions a Cement/ 

combination 
types b 

Nominal cover (𝒄𝐦𝐢𝐧 + ∆𝒄𝐝𝐞𝐯) c to reinforcement (including pre-
stressing steel) in mm and associated recommended designed 
concrete and equivalent designated concrete d 

𝟏𝟓 + 
∆𝒄𝐝𝐞𝐯 

𝟐𝟎 + 
∆𝒄𝐝𝐞𝐯 

𝟐𝟓 + 
∆𝒄𝐝𝐞𝐯 

𝟑𝟎 + 
∆𝒄𝐝𝐞𝐯 

𝟑𝟓 + 
∆𝒄𝐝𝐞𝐯 

𝟒𝟎 + 
∆𝒄𝐝𝐞𝐯 

𝟒𝟓 + 
∆𝒄𝐝𝐞𝐯 

𝟓𝟎 + 
∆𝒄𝐝𝐞𝐯 

Carbonation 
induced 
corrosion 

XC1 Dry or 
permanently 
wet 

All C20/25, 
0.7, 240 ⇐ ⇐ ⇐ ⇐ ⇐ ⇐ ⇐ 

XC2 Wet, rarely 
dry 

All -- -- C25/30, 
0.65, 
260 

⇐ ⇐ ⇐ ⇐ ⇐ 

XC3 Moderate 
humidity 

All except 
IVB 

-- -- -- C40/50, 
0.45, 
340 

C35/45, 
0.50, 
320 

C32/40, 
0.55, 
300 

C28/35, 
0.60, 
280 

⇐ 

XC4 Cyclic wet 
and dry 

        

NOTE 1:⇐ indicates that the concrete given in the cell to the left applies. 
NOTE 2: reference should be made to BS 8500-1;2002.Annex A. 
a) Exposure conditions conform to BS En 206-1:2000. 
b) Cement/combinations types are defined in BS 8500-2:2002 Table 1. 
c) For values of ∆𝒄𝐝𝐞𝐯 see BS EN 1992-1-1:2003 4.4.1.3(1) and (2). 
d) The recommended design concrete is taken from BS 8500-1:2002 and described in this table in terms of strength class . 
maximum w/c ratio and minimum cement content in kg/m3. 

 
 4.4.1.2(3) Minimum cover (𝑐 , ) for transmitting bond forces safely and ensuring adequate 

compaction of the concrete. The recommended values are given in Table 4.21. 

Table 4.21. Recommended values for the minimum cover requirements with regard to bond (Table 4.2 of the 
Eurocode2). 

 Bond Requirement 
Type of element Minimum cover 𝒄𝐦𝐢𝐧,𝐛 

Reinforcement 
steel 

Separated Diameter of bar 
Bundled Equivalent diameter (𝝓𝐧 ) (see 

8.9.1) 
Post tensioned 
ducts 

Circular ducts Diameter 
Rectangular ducts (a 
 b with a<b)  

Greater of the smaller dimension 
or half the greater dimension 

Pre-tensioned 
tendons 

Strand or plain wire 1.5 x diameter 
Indented wire 2,5 x diameter 

 
– FR: 𝑐 ,  is determined according to Table 4.21 changing the values for pre-tensioned tendons 

that becomes: 

𝑐 , = max {2×diameter of strand or plain wire; max aggregate size } 

– IT: 𝑐 ,  is determined according to Table 4.21 changing the values for pre-tensioned tendons 
that becomes:  

𝑐 , = max {2×diameter of strand or plain wire; 1.5×diameter of strand or plain wire (in 
slabs); 3×diameter of the indented wire} 

 4.4.1.2(5): minimum cover 𝑐 ,  for ensuring durability, the recommended values are showed in 
Table 4.22 for reinforcement steel and in Table 4.23 for pre-stressing steel. These table should be 
used together with Table 4.24 that gives the structural class. 



 

62 

Table 4.22. Values of minimum cover, 𝑐 , , requirements with regard to durability for reinforcement steel 
in accordance with EN 10080 (Table 4.4N of the EC2). 

Environment Requirement for 𝒄𝐦𝐢𝐧,𝐝𝐮𝐫 (mm) 

Structural class 
Exposure class according to Table 4.1 

X0 XC1 XC2 
XC3 

XC4 XD1 
XS1 

XD2 
XS2 

XD3 
XS3 

S1  10 10 10 15 20 25 30 
S2 10 10 15 20 25 30 35 
S3 10 10 20 25 30 35 40 
S4 10 15 25 30 35 40 45 
S5 15 20 30 35 40 45 50 
S6 20 25 35 40 45 50 55 

 

Table 4.23. Values of minimum cover, 𝑐 , , requirements with regard to durability for pre-stressing steel 
(Table 4.5N of the EC2). 

Environment Requirement for 𝒄𝐦𝐢𝐧,𝐝𝐮𝐫 (mm) 

Structural class 
Exposure class according to Table 4.1 

X0 XC1 XC2 
XC3 

XC4 XD1 
XS1 

XD2 
XS2 

XD3 
XS3 

S1  10 15 20 25 30 35 40 
S2 10 15 25 30 35 40 45 
S3 10 20 30 35 40 45 50 
S4 10 25 35 40 45 50 55 
S5 15 30 40 45 50 55 60 
S6 20 35 45 50 55 60 65 

 
 

Table 4.24. Recommended structural classification. (Table 4.3N of the EC2). 
Structural class 

Criterion Exposure class according to Table 4.1 
X0 XC1 XC2 

XC3 
XC4 XD1 XD2 

XS1 
XD3 
XS2 
XS3 

Design working life of 100 
years  

Increase 
class by 

2 

Increase 
class by 

2 

Increase 
class by 

2 

Increase 
class by 

2 

Increase 
class by 

2 

Increase 
class by 

2 

Increase 
class by 

2 
Strength class ≥ 

C30/37 
reduce 
class by 

1 

≥ 
C30/37 
reduce 
class by 

1 

≥ 
C35/45 
reduce 
class by 

1 

≥ 
C40/50 
reduce 
class by 

1 

≥ 
C40/50 
reduce 
class by 

1 

≥ 
C40/50 
reduce 
class by 

1 

≥ 
C45/55 
reduce 
class by 

1 
Member with slab geometry 
(position of reinforcement not 
affected by construction 
process) 

Reduce 
class by 

1 

Reduce 
class by 

1 

Reduce 
class by 

1 

Reduce 
class by 

1 

Reduce 
class by 

1 

Reduce 
class by 

1 

Reduce 
class by 

1 

Special quality control of the 
concrete production ensured 

Reduce 
class by 

1 

Reduce 
class by 

1 

Reduce 
class by 

1 

Reduce 
class by 

1 

Reduce 
class by 

1 

Reduce 
class by 

1 

Reduce 
class by 

1 
NOTE 1: the strength class and w/c ratio are considered to be related values. A special composition (type of cement, w/c, fine filters etc. with the 
intent to produce low permeability may be considered. 
NOTE 2: the limit may be reduced by one strength class if air entrainment of more than 4% is applied 

 
– DK: the minimum cover for ensuring durability in DK is given in relation to the four 

environmental classes. 
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Table 4.25. Minimum cover for durability according to Table 4.5NA of the Danish NA. 
 Reinforced 

concrete 
Pre-stressed concrete 

Environmental 
class 

𝒄𝐦𝐢𝐧,𝐝𝐮𝐫 (mm) 𝒄𝐦𝐢𝐧,𝐝𝐮𝐫 (mm) 
(pre tensioned 

tendons not bundled) 

𝒄𝐦𝐢𝐧,𝐝𝐮𝐫 (mm) 
(post tensioned 
tendon in ducts) 

E 40 40 50 
A 30 30 40 
M 20 20 35 
P 10 10 30 

 
– FI: table 4.3N-FI of the Finnish national annex should be used. 

Table 4.26. Environment requirement for the cover (Table 4.3N-FI) 
Environment Requirement for 𝒄𝐦𝐢𝐧,𝐝𝐮𝐫 (mm) 

Criteria 

Exposure class according to Table 4.1 

X0 XC1 XC2 
XC3 XC4 XD1 XS1 XD2 

XD3 
XS2 
XS3 

Reinforcing steel 10 10 20 25 30 30 35 40 
Pre-stressed steel 10 20 30 35 40 40 45 50 
Design working life of 100 
years +0 +0 +5 +5 +5 +5 +5 +5 

Concrete	  strength	  ≥ C20/25 
-5 

C30/37 
-5 

C35/45 
-5 

C35/45 
-5 

C35/45 
-5 

C40/50 
-5 

C35/45 
-5 

C45/55 
-5 

Construction class I -5 -5 -5 -5 -5 -5 -5 -5 
 

– FR: Tables 4.3NF replace the recommended values giving more detailed specifications. 𝑐 ,  
for reinforced concrete follows the recommended values (Table 4.22), while for the pre-
stressed concrete Table 4.28 should be followed. 
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Table 4.27. Structural classes for different contests according to table 4.3NF of the French NA. 
Structural class 

Criterion Exposure class according to Table 4.1 

X0 XC1 XC2 
XC3 XC4 

XD1 
XS1 
XA1 

XD2 
XS2 
XA2 

XD3 
XS3 
XA3 

Design working 
life  

100 years: 
Increase 

class by 2 

100 years: 
Increase 

class by 2 

100 years: 
Increase 

class by 2 

100 years: 
Increase 

class by 2 

100 years: 
Increase 

class by 2 

100 years: 
Increase 

class by 2 

100 years: 
Increase 

class by 2 
25 years or 
less: reduce 

class by 1 

25 years or 
less: reduce 

class by 1 

25 years or 
less: reduce 

class by 1 

25 years or 
less: reduce 

class by 1 

25 years or 
less: reduce 

class by 1 

25 years or 
less: reduce 

class by 1 

25 years or 
less: reduce 

class by 1 
Strength class ≥ C30/37 

reduce 
class by 1 

≥ C30/37 
reduce 

class by 1 

≥ C30/37 
reduce 

class by 1 

≥ C35/45 
reduce 

class by 1 

≥ C40/50 
reduce 

class by 1 

≥ C40/50 
reduce 

class by 1 

≥ C45/55 
reduce 

class by 1 
≥ C50/60 

reduce 
class by 2 

≥ C50/60 
reduce 

class by 2 

≥ C55/67 
reduce 

class by 2 

≥ C60/75 
reduce 

class by 2 

≥ C60/75 
reduce 

class by 2 

≥ C60/75 
reduce 

class by 2 

≥ C70785 
reduce 

class by 2 
Type of cement 

 

Concrete of 
class 

C35/45 
made with 

CEM I 
without fly 
ash: reduce 
class by 1 

Concrete of 
class 

C35/45 
made with 

CEM I 
without fly 
ash: reduce 
class by 1 

Concrete of 
class 

C40/50 
made with 

CEM I 
without fly 
ash: reduce 
class by 1 

   

Special quality 
control of the 
concrete 
production 
ensured 

Reduce 
class by 1 

Reduce 
class by 1 

Reduce 
class by 1 

Reduce 
class by 1 

Reduce 
class by 1 

Reduce 
class by 1 

Reduce 
class by 1 

 

Table 4.28. Minimum cover for durability for pre-stressed concrete (Table 4.5NF of the French NA). 
Environment Requirement for 𝒄𝐦𝐢𝐧,𝐝𝐮𝐫 (mm) 

Structural 
class 

Exposure class according to Table 4.1 
X0 XC1 XC2 

XC3 
XC4 XD1 

XS1 
XD2 
XS2 

XD3 
XS3 

S1  No 
specifications 
are given 

10 15 25 30 35 40 
S2 15 25 30 35 40 45 
S3 20 30 35 40 45 50 
S4 25 35 40 45 50 55 
S5 30 40 45 50 55 60 
S6 35 45 50 55 60 65 

 
– DE: for Germany, the reference class is S4 (recommended class is S4). The following tables give 

the minimum cover and additional information that will be discussed afterwards. 

Table 4.29. Reduction of 𝒄𝒎𝒊𝒏,𝒅𝒖𝒓 when different strength classes are used instead of the minimum ones 
(Table NA.4.3 of the German NA). 

Modification of  𝒄𝐦𝐢𝐧,𝐝𝐮𝐫 (mm) 
Structural class Exposure class according to Table 4.1 

X0 
XC1 

XC2 XC3 XC4 XD1 
XS1 

XD2 
XS2 

XD3 
XS3 

Compressive 
strength 

- ≥C25/30 ≥C30/37 ≥C35/45 ≥C40/50 ≥C45/55 ≥C45/55 
-5 -5 -5 -5 -5 -5 
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Table 4.30. Minimum cover and additive safety element (∆𝒄𝒅𝒖𝒓,𝜸) for reinforcing steel according to Table 
NA.4.4 of the German NA. 

Durability requirement 𝒄𝐦𝐢𝐧,𝐝𝐮𝐫 (mm) 
Structural class Exposure class according to Table 4.1 

(X0) XC1 XC2 
XC3 

XC4 XD1 
XS1 

XD2 
XS2 

XD3 
XS3 

S3  𝒄𝐦𝐢𝐧,𝐝𝐮𝐫 (10) 10 20 25 30 35 40 
 ∆𝒄𝐝𝐮𝐫,𝛄 0 +10 +5 0 

 

Table 4.31. Minimum cover and additive safety element (∆𝒄𝒅𝒖𝒓,𝜸) for pre-stressing steel according to Table 
NA.4.4 of the German NA. 

Durability requirement 𝒄𝐦𝐢𝐧,𝐝𝐮𝐫 (mm) 
Structural class Exposure class according to Table 4.1 

(X0) XC1 XC2 
XC3 

XC4 XD1 
XS1 

XD2 
XS2 

XD3 
XS3 

S3  𝒄𝐦𝐢𝐧,𝐝𝐮𝐫 (10) 20 30 35 40 45 50 
 ∆𝒄𝐝𝐮𝐫,𝛄 0 +10 +5 0 

 
– SE: Table 4.22, Table 4.23 and Table 4.24 are substituted by Table 4.32. 

Table 4.32. 𝑐 ,    related to exposure class, maximum water to cement ratio and design working life 
according with Table D-1 of the Swedish NA. (L 100, L 50 and L 20 = design working life of 100, 50 and 20 years 
respectively) 

Exposure 
class (𝒘 𝒄⁄ )𝐦𝐚𝐱 

𝒄𝐦𝐢𝐧,𝐝𝐮𝐫 (mm) 

L 100 L 50 L 20 

X0 - - - - 
XC1 0.90 15 10 10 

0.60 10 10 10 
XC2 0.60 25 20 15 

0.55 20 15 10 
0.50 15 10 10 

XC3, XC4 0.55 25 20 15 
0.50 20 15 10 

XS1, XD1 0.45 30 25 15 
0.40 25 20 15 

XD2 0.45 40 30 25 
0.40 35 30 20 
0.35 30 25 20 

XD3 0.40 45 35 25 
0.35 40 30 25 

XS2 0.45 50 40 30 
0.40 45 35 25 
0.35 40 30 25 

XS3 0.40 45 35 25 
0.35 40 30 25 

 
Table 4.32 gives the c ,  value for reinforcing steel with diameter greater than 4 mm that is 
not pre-tensioned. For pre-tensioned reinforcement having diameter smaller than 4 mm (steel 
tendons and wires) and cold worked reinforcement bars with permanent stress higher than 
400 MPa, the cover layer is determined adding 10 mm to the values given by Table 4.32. For 
other values of the water to cement ratio than those given in the table and for continuous 
process production, smallest concrete cover layer should be used and it has to be determined 
following EN 206-1. 
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– UK: the c ,  is given by Table 4.19 (p. 60) and Table 4.20 (p. 61) of this thesis for each 
exposure class together with the minimum concrete strength class, the w/c ratio and the 
cement content. 

 
 4.4.1.2(6) Additive safety element for the cover layer: 

 ∆𝑐 , = 0  mm 

– DE: (see Table 4.30 and Table 4.31). 
 

 4.4.1.2(7) Cover layer reduction due to the use of stainless steel: 

  ∆𝑐 , = 0  mm 

– FR: use the recommended value. Nevertheless, when special materials are used and tested in 
order to prove all the properties required, under specific justification, the value can be greater 
than 0 mm; 

– DE: in the case of stainless steel, it is possible to use a different value only when the material 
has the European Technical Approval; 

– UK:	  0	  mm	  unless	   justified	  by	   reference	   to	   specialist	   literature	  such	  as	   the	  Concrete	  Society’s	  
guidance on the use of stainless steel reinforcement. 
 

 4.4.1.2(8) Reduction for cover layer due to additional protection (e.g. coating): 

∆𝑐 , = 0  mm  

– FR: recommended value should be used except when there is –for all the design working life– a 
special cover that does not allow penetration of aggressive substances. In this case, the special 
cover is considered part of the structure. In any case, 𝑐 ,  cannot be lower than 10 mm. 

– DE: recommended value should be adopted. ∆𝑐 ,  can be chosen equal to 10 mm only for 
class XD when there is a permanent presence of crack-bridging coating. 

– UK: recommended value unless justified by reference to specialist literature. 
 
 4.4.1.2(13) Factors for increasing the cover layer when there is concrete abrasion: 

𝑘 = 5  mm    (Abrasion  class  XM1);  
𝑘 = 10  mm    (Abrasion  class  XM2); 
𝑘 = 15  mm    (Abrasion  class  XM3)  

All the seven countries follow the recommendations given by the code. 
 4.4.1.3(1)P Addition to the minimum cover for allowing for deviation: 

∆𝑐 = 10  mm  

– DK: ∆𝑐 ≥ 5  mm for normal and tightened inspection level; ∆𝑐 ≥ 10  mm for relaxed 
inspection level; 

– DE: ∆𝑐 = 15  mm (except for XC1 where ∆𝑐 = 10  mm) when using 4.4.1.2(5) that 
corresponds to c , ; ∆𝑐 = 10  mm when using 4.4.1.2(3) that correspond to c , . 

 
 4.4.1.3(3) Reduction of the deviation for cover layer: 

10  mm ≥ ∆𝑐 ≥ 5  mm where fabrication is subjected to a quality assurance system, in which 
the monitoring includes measurement of the concrete cover; 
10  mm ≥ ∆𝑐 ≥ 0  mm where it can be assured that a very accurate measurement device is 
used for monitoring and non conforming members are rejected. 
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– DK: see 4.4.1.3(1)P; 
– FI: ∆𝑐  below 5 mm may not be adopted; 
– FR: recommended value using 10  mm ≥ ∆𝑐 ≥ 0  mm also when all the design and 

construction process is done under quality control; 
– DE: ∆𝑐  can be decrease by 5 mm if appropriate quality control is present in planning, design, 

manufacturing and construction. 
 
 4.4.1.3(4) Concrete cover for concrete cast against uneven surfaces: 

 𝒄𝐧𝐨𝐦 ≥ 
  𝒌𝟏   𝒌𝟐 

r.v., DK and IT 40 mm 75 mm 
FI 𝒄𝐦𝐢𝐧 + 10 mm 𝒄𝐦𝐢𝐧 +	  (20…40)	  mm 
FR 30 mm 65 mm 
DE 20 mm 50 mm 
SE 𝒄𝐦𝐢𝐧 + 15 mm 𝒄𝐦𝐢𝐧 + 60 mm 
UK 40 mm 65 mm 

 
In the Corrigendum of the Eurocode 2 (that became effective on November 10th, 2010), there is a 

correction	  for	  this	  point	  of	  the	  Code	  substituting	  “minimum	  cover”	  with	  “nominal	  cover”.	  In	  this	  way,	  
𝑘  and 𝑘  become the lower limit of the nominal cover when concrete is cast against uneven surfaces. 
The correction and the difficult interpretation of the points have led to different interpretation of the 
point.  

The adopted value are reported in the table with the following additional information: 
– FI: the increase should comply with the difference caused by the unevenness, but the cover 

should not be less than the values reported in the table. Also the cover to the reinforcement for 
any surface feature, such as ribbed finishes or exposed aggregate, should be increased to take 
account of the uneven surface (4.4.1.2(11)); 

– FR: the two limits showed in the table should be applied only for the superficial foundations, 
for the deep foundations a specific norm should be used; 

  

4.6.5 Section 5 –  Structural Analysis 

 5.1.3(1)P Simplified load cases and combinations: 
Load arrangement (a): alternate spans carrying the design variable and permanent load 

(𝛾 𝑄 + 𝛾 𝐺 + 𝑃 ), other spans carrying only the design permanent load, 𝛾 𝐺 + 𝑃  and  
Load arrangement (b): any two adjacent spans carrying the design variable and permanent loads 

(𝛾 𝑄 + 𝛾 𝐺 + 𝑃 ). All other spans carrying only the design permanent load, 𝛾 𝐺 + 𝑃 . 
– DK: use the r.v. with additional specifications for the plastic analysis; 
– FR: use elements isostatically linked with supports or bearing elements and then 

increase/decrease moments because of the hyperstaticity; 
– UK: use any of the following three options: 

a) consider the two load arrangement recommended in the Eurocode for alternate and 
adjacent spans; 

b) consider the two following arrangements for all spans and alternate spans: (b1) all spans 
carrying the design variable and permanent load (𝛾 𝑄 + 𝛾 𝐺 + 𝑃 ); (b2) alternate spans 
carrying the design variable and permanent load (𝛾 𝑄 + 𝛾 𝐺 + 𝑃 ), other spans carrying 
only the design permanent load 𝛾 𝐺 + 𝑃 ; the same value of 𝛾  should be used throughout 
all the structure, 

c) for slabs, use the all spans loaded arrangement described in (b1) if: (i) in a one-way 
spanning slab the area of each bay exceed 30  m ; (ii) the ratio of the variable load 𝑄  to 
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the permanent load 𝐺  does not exceed 1.25 and (iii) the variable load 𝑄  does not 
exceed 5  kN/m  excluding partitions. 

When analysis is carried out using the load arrangement described in (b1), the resulting 
support moments should be reduced by 20 % with a consequential increase in the span 
moments.  

 
For a 2 span beam, the use of alternative b for UK leads to values of the support moment 20 % 

lower than those recommended. This is because this load arrangement for a 2 span beam is exactly the 
same of the recommended load arrangement with the only difference that the support moment must 
be reduced of 20 % (see Table 4.33). 

Table 4.33. Simplified load arrangements for a two span beam. 
 Load arrangement 
r.v., DK, FI, FR, DE, IT, 
SE and UK (a) 

Load arrangement a 

 
Load arrangement b 

 
UK (b) Load arrangement b2 

 
Load arrangement b1 

 
Support moment -20 % 

 
For beams with more than two spans, in general it can be said that the positive moments 

obtained by both the recommended and the UK(b) load arrangements are the same because the load 
arrangements that give maximum positive moments are the load arrangement (a) for the rec. value 
and (b2) for the UK. On the opposite, using the UK load arrangement b1, there are some differences 
into the support moments. 

Example of three span beam is reported in Table 4.34. 

Table 4.34. Simplified load arrangements for three spas beam for determining the maximum support moment 
in support B. 

 Load arrangement 
r.v., DK, FI, FR, 
DE, IT, SE and UK 
(a) 

Load arrangement a 

 
Influence line of 
the support 
moment in B 

 
UK (b) Load arrangement b1 
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In the three span beams, using the load arrangement (b1) for UK, there are obtained lower 
support moment in B because the right-hand span has a higher load than the recommend load 
arrangement. As the influence line shows, a higher load in the last span means a lower value of the 
support moment in B. This lower value will be further decreased 20 % with according to the UK 
national annex requires. 

With a larger number of spans, the behaviour will be more complicated but the differences still 
exist. 

 
 5.2(5) Basic value of the imperfection: 

𝜃 = 1
200  

– DK: instead of using 𝜃  and point 5.1 of the EC2, a minimum value of the horizontal action on a 
building should be applied according to Danish national annex of EC0; 

– DE: in general is 𝜃 = 1
200 with 0 ≤ 𝛼 = 2

√l
≤ 1.0  

For ceiling and roof floors 𝜃 = 0.008
√2m

 with 𝛼 = 𝛼 = 1. 

Where 𝑙 is the ratio between the second moment of inertia (I) and the cross-section area (A). 
 5.5(4) Coefficient for linear elastic analysis with limited redistribution 

𝑘 = 0.44; 𝑘 = 1.25(0.6 + 0.0014 𝜀 ); 𝑘 = 0.54; 𝑘 = 1.25(0.6 + 0.0014 𝜀 ); 𝑘 = 0.7; 
𝑘 = 0.8. 
– FI:  
𝑘 = 1.10; 𝑘 = 1.25(0.6 − 0.0014 𝜀 ); 𝑘 = 𝑘 = 1 when 𝜀 𝑓

𝑓 < 2.5 otherwise 

𝑘 = 𝑘 = 0.9 − 3.21 𝜀 𝑓
𝑓 ≥ 0.67;. 

– DE: 
𝑘 = 0.64; 𝑘 = 0.8; 𝑘 = 0.72; 𝑘 = 0.8; 𝑘 = 0.7  (𝑓 < 50MPa), 0.8 in other cases; 𝑘 =
0.85  (𝑓 < 50MPa), 1 in other cases. 
– IT:  

𝑘 = 0.85  
– UK:  

𝑘 = 0.4; 𝑘 = 0.6 + 0.0014 𝜀 ; 𝑘 = 0.4; 𝑘 = 0.6 + 0.0014 𝜀 . For 𝑓 > 500  MPa more 
restrictive values should be used. 

For FI, using a common type of steel with 𝑓 = 500   according to Annex C of EC2, the following 
values of 𝑘 and  𝑘  are obtained: 

Table 4.35. values of 𝑘 = 𝑘  for FI. 

Steel class 𝒇𝐭 
𝜺𝐮𝐤𝒇𝐭

𝒇𝐲𝐤 
𝒌𝟓 = 𝒌𝟔 

A 1.05*500=525 MPa 2.63 > 2.5 0.82 
B 1.08*500=540 MPa 5.40 > 2.5 0.73 
C 1.25*500=625 MPa 9.38 > 2.5 0.67 

 
In the following calculations steel class B will be used.  
The Eurocode provides the following equations for determining the ratio between the 

redistributed moment and the elastic moment. 
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 𝛿 ≥ 𝑘 + 𝑘 𝑥 𝑑⁄         for  𝑓 ≤ 50  MPa [EC2 Eq.5.10a]  (4.5) 

 𝛿 ≥ 𝑘 + 𝑘 𝑥 𝑑⁄         for  𝑓 > 50  MPa [EC2 Eq.5.10b]  (4.6) 

With the following lower limits: 
≥ 𝑘  where Class B and Class C reinforcement are used 
≥ 𝑘  where Class A reinforcement is used. 

Table 4.36.	  Values	  of	  δ	  for	  the	  limited	  redistribution	  for	  different	  concrete	  strength	  classes. 

 r.v., DK, FR and 
SE FI DE IT UK 

(𝒇𝐲𝐤 ≤ 𝟓𝟎𝟎𝐌𝐏𝐚) 

𝒇𝐜𝐤 ≤ 𝟓𝟎  𝐌𝐏𝐚 ≥ 0.44 + 1.25𝑥 𝑑⁄  
≥ 0.7(B, C)0.8(A) 

≥ 0.44 + 1.10𝑥 𝑑⁄  
≥ 0.73(B, C)0.82(A) 

≥ 0.64 + 0.8𝑥 𝑑⁄  
≥ 0.7(B, C)0.85(A) 

r. v. 
≥ 0.7(B, C)0.85(A) 

≥ 0.4 + 1𝑥 𝑑⁄  
≥ 0.7(B, C)0.8(A) 

𝒇𝐜𝐤 = 𝟓𝟓  𝐌𝐏𝐚 
(𝜺𝐜𝐮𝟐 = 𝟎. 𝟑𝟏  %) 

≥ 0.54 + 1.31𝑥 𝑑⁄  
≥ 0.7(B, C)0.8(A) 

≥ 0.54 + 0.19𝑥 𝑑⁄  
≥ 0.73(B, C)0.82(A) 

≥ 0.72 + 0.8𝑥 𝑑⁄  
≥ 0.8(B, C)1.0(A) 

r. v. 
≥ 0.7(B, C)0.85(A) 

≥ 0.4 + 1. 05𝑥 𝑑⁄  
≥ 0.7(B, C)0.8(A) 

𝒇𝐜𝐤 = 𝟕𝟎𝐌𝐏𝐚 
(𝜺𝐜𝐮𝟐 = 𝟎. 𝟐𝟕  %) 

≥ 0.54 + 1.40𝑥 𝑑⁄  
≥ 0.7(B, C)0.8(A) 

≥ 0.54 + 0.10𝑥 𝑑⁄  
≥ 0.73(B, C)0.82(A) 

≥ 0.72 + 0.8𝑥 𝑑⁄  
≥ 0.8(B, C)1.0(A) 

r. v. 
≥ 0.7(B, C)0.85(A) 

≥ 0.4 + 1.12𝑥 𝑑⁄  
≥ 0.7(B, C)0.8(A) 

𝒇𝐜𝐤 = 𝟗𝟎  𝐌𝐏𝐚 
(𝜺𝐜𝐮𝟐 = 𝟎. 𝟐𝟔  %) 

≥ 0.54 + 1.42𝑥 𝑑⁄  
≥ 0.7(B, C)0.8(A) 

≥ 0.54 + 0.08𝑥 𝑑⁄  
≥ 0.73(B, C)0.82(A) 

≥ 0.72 + 0.8𝑥 𝑑⁄  
≥ 0.8(B, C)1.0(A) 

r. v. 
≥ 0.7(B, C)0.85(A) 

≥ 0.4 + 1. 14𝑥 𝑑⁄  
≥ 0.7(B, C)0.8(A) 

 

 

 

 
Figure 4.5. Linear elastic analysis with limited redistribution. The first sketch shows the elastic bending 

moment	   that	  come	   from	  the	  elastic	  analysis,	   the	  second	  one	  shows	  the	  redistributed	  moment	  (∆M),	  while	   the	   last	  
one	  shows	  the	  final	  bending	  moment	  δMEd,elastic that will be used for design. 

Figure 4.6 shows the differences in the value of 𝛿 in the different countries relating to 𝑥 /𝑑. 
Knowing that the reduction of the moment is ∆𝑀 = (1 − 𝛿)𝑀 , , it follows that the higher 𝛿 is, 
the lower ∆ is. 

The analysis that follows has been done with all the parameters equal to the r.v. except for 𝛿. The 
difference in percentage has been determined as follows (example for DK): 

∆𝑀 =
. .

. . = ,
. .

,
. .

,
=

. .

. .
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For 𝑓 ≤ 50  MPa and steel class B and C, DK, FR, SE and IT follow the recommended values. FI 
has lower values of 𝛿 that leads to a lower 𝑀   (𝑀 = 𝛿𝑀 , ) from 0 % to -6.7 %. DE has a 
higher 𝛿 that leads to higher 𝑀   (from  0  up  to  14  %  more  than  the  recommended  values); on the 
opposite, UK allows lower 𝑀  that differs from those recommended from 0 % up to -15 %. 

The discussion of these values must be done keeping in mind that a redistribution of moments 
means that in some part of the structure the bending moment decreases (central support in Figure 
4.5) while, in other parts of the structure, it increases for ensuring the equilibrium. Since the required 
reinforcement is linearly related to the area below the bending moment diagram, the redistribution of 
moment not always reduces the required reinforcement while always increase the ultimate load. To 
summarise, the redistribution can save material (steel) but, if it is too large, it works on the opposite 
way increasing the amount of required reinforcement. 

Regarding concrete with 𝑓 > 50  MPa, firstly it has to be observed that the Finnish national 
annex reports that 𝑘 = 1.25(0.6 − 0.0014 𝜀 ). This is the formula of the EC2 with the miner sign 
instead of the plus. Noting that this different sign leads to values of 𝛿 always equal to the upper limit 
(𝑘 = 𝑘 = 1) that means no redistribution, it could be guessed that the difference of sign could be a 
mistake.  

Analysing the data of Table 4.37, it can be found that for FI 𝑀  will lie between -26.9 % and 4.3 
% (and from 0 to 4.3 % with the corrected values of 𝑘 ). While DE has a 𝑀  that varies between -2 % 
and + 15 %, UK has a lower 𝑀  with respect to the recommended value that varies from – 23.0 % up 
to 0 %. 

Table 4.37. Differences of the 𝑀   (∆𝑀 %)   in the selected countries. (*For FI the table reports the values 
for steel Class B; ** in brackets are reported the values for the corrected 𝑘 ) 

 r.v., DK, FR and 
SE IT FI* DE UK 

𝒇𝐜𝐤 ≤ 𝟓𝟎  𝐌𝐏𝐚 0.0 0.0 −6.7   ÷   4.3 0.0   ÷   14.3 −15.2   ÷   0.0 

𝒇𝐜𝐤 = 𝟓𝟓  𝐌𝐏𝐚 0.0 0.0 −6.7   ÷   4.3 
(0.0   ÷   4.3)** 0.0   ÷   14.3 −23.1   ÷   0.0 

𝒇𝐜𝐤 = 𝟕𝟎  𝐌𝐏𝐚 0.0 0.0 −26.6   ÷   4.3 
(0.0   ÷   4.3)** −1.5   ÷   15.4 −23.5   ÷   0.0 

𝒇𝐜𝐤 = 𝟗𝟎  𝐌𝐏𝐚 0.0 0.0 −27.1   ÷   4.3 
(0.0   ÷ 4.3  )** −2.2   ÷   14.3 −23.2   ÷   0.0 
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Figure 4.6. Factor for the limited redistribution for the seven countries in relation to different strength classes 
and different steel classes. 
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 5.6.3(4) allowable plastic rotation for plastic analysis: 
The value of 𝜃 ,  are reported in Figure 4.7. 

 
Figure 4.7. Allowable plastic rotation of reinforced concrete sections for: 

1-(black lines) Recommended values for steel Class B and C reinforcement (Figure 5.6N of the 
Eurocode 2);  

2-(grey lines) German adopted values for steel Class B reinforcement (Figure NA.5.6 of the 
German National Annex). 

– DE: Table NA.5.6 of the German national annex gives the values of 𝜃 , . 
See Figure 4.7 that report allowable rotation taken from Figure NA.5.6 of the German National 

Annex 
The German graph for steel class B is very close to the recommended one, for that reason and 

because of the difficulty of defining precisely very small differences throughout a graphical reading, 
the values of  𝜃 , . could be considered as equal for all countries.  

 
 5.8.3.1(1) Factors for the determination of the limit slenderness for ignoring the second order 

effects. 

 𝜆 =
√

 [EC2 Eq.5.13N]  (4.7) 

Where:  
𝐴 = ( . ) (if 𝜑  is not known, A=0.7 may be used) 

𝐵 = √1 + 2𝜔 (if 𝜔 is not known, B=1.1 may be used) 
𝐶 = 1.7 − 𝑟  (if 𝑟  is not known, C=1.7 may be used) 
All the symbols are defined in the Eurocode 2. 

– DK: 

𝜆 = 20 =
√

  

– DE: 

𝜆 = 25  for  |𝑛| ≥ 0.41    
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𝜆 =
√
  for  |𝑛| < 0.41    

The	  first	  observation	  that	  has	  to	  be	  done	  is	  that	  the	  EC’s	  formula	  depends	  upon	  𝜔, 𝑛, 𝑟  and 𝜑  
while 𝜆  of DK and DE depends only upon 𝑛. This leads to a 𝜆  of the EC2 that varies with the 
column’s	  characteristics.	   

In general it can be said that 𝜆 . .  is lower than 𝜆  until 20𝐴𝐵𝐶 is lower than 20 (𝐴𝐵𝐶 < 1). 
When 𝜆 . .  exceeds this value, the rec. value of 𝜆  becomes greater than 𝜆  meaning that II order 
effects can be neglected up to greater value of the slenderness 𝜆. 

The same observation can be done for DE, but with some small differences. In particular, for 
𝑛 < 0.41, 𝜆 . .  is lower than 𝜆  when 20𝐴𝐵𝐶 is lower than 16, while for 𝑛 ≥ 0.41 this limit value 
changes according to the following relation: 

√
= 25 that could be re-written as 20𝐴𝐵𝐶 = 25√𝑛. 

The value of 𝜆.  determined with 𝐴 = 0.7, 𝐵 = 1.0  and  C = 0.7 could be considered as the lower 
value of 𝜆 . .  since with all the possible values of these three parameters it is not possible to find lower 
values. This is also on the conservative side, and for this reason the EC2 says to use these values of the 
three parameters when they are not known precisely. This lowest value is important because it is used 
during the design process when all the parameters that are involved for determining the limit 
slenderness are unknown. On the other side, a heavy reinforced column (𝜔 = 1) with negligible or low 
creep (see EC2 5.8.4(4)) and equal bending moment but with opposite signs at the two ends (𝑟 = −1) 
gives the highest values of the limit slenderness for common cases that is around 95.  

Hence, all the real and common cases lay between these two limit configurations (𝜆 ≅
10  and  𝜆 ≅ 95  ). These values of the limit slenderness are showed in Figure 4.8. 

 

 
Figure 4.8. Limit value of the slenderness related to the reduced axial force for the selected countries. The 

three lines the correspond to values of 20ABC equal to 30, 50 and 90 are the recommended values that are also 
adopted by FI, FR, IT, SE and the UK.  
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Respecting to the lowest recommended values, that is used by FI, FR, IT, SE and the UK, the 
Danish 𝜆  is 46 % greater while the German one is between 48 % and 174 % greater. This means 
that for these two countries the II order effects can be neglected up to higher slenderness. 
Nevertheless, for higher values of the terms A, B and C the recommended value leads to keep into 
account the II order effects for higher value of slenderness. 

It is difficult to give the ranges of 𝜔, 𝑛, 𝑟  and 𝜑  that correspond to one behaviour because 
there are too many combinations and, in their turn, depend upon many other characteristics of the 
material, the geometry of the (structural) members and the external loading. 

Table 4.38.  ∆𝜆  with respect of different recommended values of 𝜆 . 

 𝟐𝟎𝑨𝑩𝑪 ≅ 𝟏𝟎 𝟐𝟎𝑨𝑩𝑪 = 𝟑𝟎 𝟐𝟎𝑨𝑩𝑪 = 𝟓𝟎 𝟐𝟎𝑨𝑩𝑪 = 𝟗𝟎 

𝝀𝐥𝐢𝐦𝐃𝐊  +4.6  % −50.0  % −150.0  % −350.0  % 

𝝀𝐥𝐢𝐦𝐃𝐄  +48.0 ÷ +174.0  % −47.0 ÷ −1.0  % −68.0 ÷ −41.0  % −82.0 ÷ −67.0% 

 
 5.8.3.3(1) Factor for simplified method for ignoring II order effects in buildings: 

𝑘 = 0.31  

 5.8.3.3(2) Factor for substituting 𝑘  in 5.8.3.3(1) when it can be verified that bracing members are 
uncracked in the ultimate limit state: 

𝑘 = 0.62  

These two parameters have been adopted by all countries with their recommended values. 
 5.8.5(1) Methods of analysis for second order effects for axially loaded members: 

(a) Method based on nominal stiffness (EC2 5.8.7) 
(b) Method based on nominal curvature (EC2 5.8.8) 

– DK: only method (a); 
– FI: the designers chose the case-specific method; 
– FR, IT, SE and UK: both methods can be used; 
– DE: only method (b) can be used. 

 
 5.8.6(3)	   Partial	   safety	   factor	   for	   concrete	   Young’s	   modulus	   for	   general	   methods	   of	   analyses	   of	  

second order effects with axial load: 

𝛾 = 1.2  

– DK: the partial safety factor is equal to the partial safety factor for concrete design strength 
(𝛾 = 𝛾 ) that is given in Table 2.1 of the Danish National Annex (see Table 4.7). In the most 
common situation 𝛾  varies between 1.40 and 1.60. 

– DE: 𝛾 = 1.5. 
The	  differences	  of	  the	  Young’s	  modulus	  that	  arise	  from	  this	  parameter	  are	  determined	  using	  the	  

following formula: 

∆𝐸 =
. .

. . =
. .

. .
=

. .

. .
=

. .
− 1  
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Table 4.39.	  Differences	  of	  the	  Young’s	  modulus	  for	  different	  countries. 

 𝜸𝐂𝐄 ∆𝑬𝑪𝐝% 
r.v., FI, FR, IT, 

SE and UK 1.20 0.0 

DK 1.40 ÷ 1.60 −25.0   ÷ −14.3 

DE 1.50 −20.0 

 
In general DK and DE have a less stiffness design material. 

 5.10.1(6) Methods for verifying the absence of brittle failure in pre-stressed members: 
(A): Provide minimum reinforcement in accordance with point 9.2.1 of the EC2; 
(B): Provide pre-tensioned bonded tendons; 
(C): Provide easy access to pre-stressed concrete members in order to check and control the 
conditions of tendons by non-destructive methods or by monitoring; 
(D): Provide satisfactory evidence concerning the reliability of the tendons; 
(E): Ensure that if failure were to occur due to either an increase of load or a reduction of pre-
stress under the frequent combination of actions, cracking would occur before the ultimate 
capacity would be exceeded, taking account of moment redistribution due to cracking effects. 
– DK: use only method (A); 
– FI: the designers chose the case-specific method; 
– FR: only method (A), (B) and (E) can be used; 
– DE: only method (A), (B) and (C) can be used; 
– IT: use only method (A) or (B). In particular cases the use of methods (C), (D) and (E) is 

allowed with explanations; 
– SE: use method (D) with at least another method; 
– UK: all methods can be used. 
 

 5.10.2.1(1)P Maximum prestressing force applied to a tendon: 

𝑃 = 𝐴 ∙ 𝜎 ,               where:  𝜎 , = min 𝑘 𝑓 ; 𝑘 𝑓 .   
𝑘 = 0.8;  𝑘 = 0.9  

– IT: use the recommended values for pre-stressed elements, and 𝑘 = 0.75  and  𝑘 = 0.85   for 
post-tensioned elements. 

For Italy, with the same material and conditions, 𝑃  for post-tensioned reinforcement lies 
between  −6.3  %  and − 5.6  %. Knowing that the elastic potential energy of the pre-stressed or post-
stressed elements is given by: 

 Φ = ∫ dV = LA + LA  (4.8) 

where:  
  𝜎   is the stress, 𝐸 is	  the	  Young’s	  modulus,	  𝐿 is the length and 𝐴 is the cross section area. The first 

term is relative to the concrete and it is usually smaller than the second term that concerns the pre-
stressed reinforcement. If there is normal reinforcement, an additional term should be introduced in 
Eq. 4.8 for keeping it into account. 

Ignoring the first term, it is possible to estimate the difference of the elastic energy for post 
tensioned elements: 

Φ . . =
. .

LA . 

using k :  Φ = . . .
LA = 0.88

. .
LA   
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using k :Φ = . . .
LA = 0.89

. .
LA   

Φ = 0.88 ÷ 0.89Φ . .  

The Italian elastic energy is between  −12.0  %  and − 11.0  % lower than the recommended value 
and that leads to higher losses of pre-stress. 
 5.10.2.1(2) Maximum over-stressing force allowable when the force in the jack can be measured to 

an accuracy of ±5  %. 

𝑃 = 𝑘 𝑓 . 𝐴    with: 𝑘 = 0.95. 

All the seven countries investigated adopt the rec. value. 
 5.10.2.2(4) and (5) Factors for limitations of concrete stress in pre-stressed elements: 

𝑘 = 50;  𝑘 = 30  ;   𝑘 = 0.7  

– FI: 𝑘 = 20;  𝑘 = 0  ;   𝑘 = 0.65; 
– DE: concrete stresses should be limited according to ETA recommendations. 

When the pre-stress of an individual tendon is applied in steps, the required concrete strength 
may be reduced with respect of the required concrete strength for full pre-stress. This means that the 
full pre-stress can be released when 𝑓 (𝑡) ≥ 𝑓 ,   ( ) and the step-by-step pre-stress when 
𝑓 (𝑡) ≥ 𝑘 𝑓 ,   ( ). Between this two values, the pre-stress (𝜎 ) can be interpolated between 𝑘  [%] 
and 100 %. 

 

 
Figure 4.9. Pre-stressing stress in relation to the ratio between the compressive strength and the minimum 

compressive strength for full pre-stress given by ETA. 

Finland allows releasing steps of pre-stress when 𝑓 (𝑡)/𝑓 ,   ( ) is greater than 0.2 while the 
recommendations of the EC2 set this limit to 0.4. Another difference is that the pre-stress between 
𝑘 𝑓 ,   ( ) and 𝑓 ,   ( ) for Finland is between 25 % and 0 % greater than the recommended 
values. Once again, higher pre-stress means higher elastic energy and so lower pre-stress losses. 

The concrete compressive stress in the structure resulting from the pre-stressing force and 
other loads acting at the time of tensioning or release of pre-stress, should be limited to 𝜎 ≤ 0.6𝑓 (𝑡), 
but for pre-tensioned elements the stress at the time of transfer of pre-stress may be increased to 
𝑘 𝑓 (𝑡) if it can be justified by tests or experiences that longitudinal cracking is prevented. Finland, 
having a lower value of 𝑘 , could have lower values of pre-stress that means lower elastic energy and 
thus higher pre-stress losses. 
 5.10.3(2) Initial pre-stress force applied to the concrete immediately after tensioning and 

anchoring (post-tensioned) or after transfer of pre-stressing (pre-tensioned): 
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𝑃 (𝑥) = 𝐴 ∙ 𝜎 , (𝑥)              where:  𝜎 , (𝑥) = min 𝑘 𝑓 ; 𝑘 𝑓 .   
𝑘 = 0.75;  𝑘 = 0.85  

– FR: 𝑘 = 0.77;  𝑘 = 0.87 for post-tensioned elements and 𝑘 = 0.80;  𝑘 = 0.90 for pre-
tensioned elements; 

FR has slightly higher limits permitting higher level of tensioning and so higher elastic energy 
that means for example, on one hand, lower losses of pre-stress and, on the other hand, more stress 
corrosion when the element is placed in aggressive environment. 
 5.10.8(2) Increase of the stress from the effective pre-stress to the stress in the ULS due to the 

deformations of the whole member (simplified method): 

∆𝜎 , = 100  MPa  

– DK: ∆𝜎 , = 0  MPa; 
– FI: ∆𝜎 , = 50  MPa; 
– UK: ∆𝜎 , = 100  MPa unless more specific conditions; 

 5.10.8(3) Partial safety factors for the stress increase when it is determined keeping into account 
the deformation of the member: 

𝛾∆ , = 1.2  
𝛾∆ , = 0.8  

If linear analysis with uncracked section is applied, a lower limit of the deformation may be 
assumed and the rec. value for both these partial safety factors is equal to 1.0. 

– DK, FI and FR: for all cases 𝛾∆ , = 𝛾∆ , = 1.0. 
At ULS, the element is deformed due to the loads (pre-stress, own weight, dead loads, etc.) and 

these deformations change the stress in the tendons. The EC2 proposes two ways for quantifying these 
changes: (i) simplified method and (ii) the exact determination. For method (i), DK and FI use lower 
values of additional stress being less safe then the recommendations. 
 5.10.9 Factors for determining the two characteristics values of the pre-stressing force at the 

Serviceability Limit State (SLS): 

Table 4.40. Characteristic pre-stress values for SLS verifications. 

 

Pre-tensioning or 
unbonded tendons 

Post-tensioning with 
bonded tendons 

Appropriate measure for pre-
tensioning 

r.v., FR, IT, SE 
and DE 

DK, FI and 
UK 

r.v., FR, IT, SE 
and DE 

DK, FI and 
UK 

r.v., DK, FI, 
FR, IT, SE and 

UK 
DE 

𝑷𝐤,𝐬𝐮𝐩 = 𝒓𝐬𝐮𝐩𝑷𝐤  1.05𝑃  
(0  %) 

1.00𝑃  
(−4.8  %) 

1.10𝑃  
(0  %) 

1.00𝑃  
(−9.1  %) 

1.00𝑃  
(0  %) 

1.05 ÷ 1.10𝑃  
([+5   ÷ +10]%) 

𝑷𝐤,𝐢𝐧𝐟 = 𝒓𝐢𝐧𝐟𝑷𝐤 0.95𝑃  
(0  %) 

1.00𝑃  
(+4.2  %) 

0.90  𝑃  
(0  %) 

1.00𝑃  
(+11.1  %) 

1.00𝑃  
(0  %) 

0.95 ÷ 0.90𝑃  
([−10 ÷ −5]%) 

 
The values adopted are reported in the table above with the following additional information: 

– DE: the use of 𝑟 =    𝑟 = 1.0 is never allowed. 
For the SLS verifications, it is compulsory to keep into account two characteristic values of the 

pre-stressing force, 𝑃 , and  𝑃 ,  given by Equations 5.47 and 5.48 of the Eurocode 2. The first value 
should be used when the pre-stress is unfavourable while the second one should be used when the 
pre-stress is favourable. 

DK, FI and UK adopt 𝑃 , = 𝑃 , = 𝑃  having a unique value of the pre-stress and obviously 
having lower pre-stress force when this is unfavourable and higher when this is favourable with 
respect of the recommended values.  



 

79 

Being 𝑃 ,  used for those verifications where the pre-stress force is unfavourable, smaller 
values than the recommended ones are less safe; for 𝑃 ,  it works in the opposite way. For these 
reasons, DK, FI and UK have less restrictive verifications while DE, in the case of appropriate measure 
of the pre-stress, stands on the more safe side. 

4.6.6 Section 6 –  Ultimate Limit States (ULS)  

Subsection 6.1 of the EC2 that concerns bending with or without axial force do not contains any 
National Determined Parameter. Obviously, when designing a beam or a column, many NDPs are taken 
into account and these are for example those regarding material properties, actions and their 
combinations, detailing etc. On the opposite, the other Subsections have a large number of NDPs 
probably because of their more complexity and also because they treat phenomena like shear and 
punching that are more complicated and have been solved by the scientific community in many 
slightly different methods. 
 6.2.2(1) Coefficients for shear resistance for members without shear reinforcement 

Table 4.41. NDPs that affect the shear capacity of elements without shear reinforcement with the differences 
from the recommended value in brackets. (*UK: use the recommended values but following point 3.1.2(2)P that 
gives additional information for high concrete strength (see Subsection 6.2.3)). 

 
𝑪𝐑,𝐝𝐜 𝝂𝐦𝐢𝐧 𝒌𝟏 

r.v., FI, 
IT, SE 
and UK* 

0.18
1.50 = 0.120 

(0  %) 
0.035𝑘 𝑓  

(0  %) 
0.15 
(0  %) 

DK 

0.18
1.40 = 0.129 
(+7.5  %) 

0.18
1.70 = 0.106 
(−11.7  %) 

r.v. 
(0  %) 

r.v. 
(0  %) 

FR r.v. 
(0  %) 

Slabs with transversal redistr.: 
0.227 𝑓  

(129.0 ÷ 329.0  %) 
Beams and other slabs: 

0.035𝑘 𝑓  
(0  %) 

Walls: 
0.233 𝑓  

(135.0 ÷ 341.0  %) 

r.v. 
(0  %) 

DE 
0.18
1.50 = 0.120 
(−16.7  %) 

0.035𝑘 𝑓     d ≤ 600  mm 
(0  %) 

0.025𝑘 𝑓     d > 800mm 
(−28.6  %) 

For 600 < 𝑑 ≤ 800  mm the 
values should be determined 
with linear interpolation. 

0.12 
(−20.0  %) 

 
DK does not specify which value of 𝛾  should be used in this formula; however, knowing the 

resistance mechanism of a beam without shear reinforcement, it will be reported the range of the 
partial safety factor the covers both compressive and tensile strength for reinforced and unreinforced 
concrete (see Table 4.7). 
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For beams without shear reinforcement, the shear capacity is determined using Equations 6.2.a 
and 6.2.b of the EC2 that are reported below:  

 𝑉 , = 𝐶 , 𝑘(100𝜌 𝑓 ) + 𝑘 𝜎 𝑏 𝑑 [EC2 Eq. 6.2.a] (4.9) 

With a minimum of:  

𝑉 , = (𝜈 + 𝑘 𝜎 )𝑏 𝑑  [EC2 Eq. 6.2.b] (4.10) 

For beams without pre-compression (𝜎 = 0), the only value that can change in the first 
equation is 𝐶 ,  that leads to shear resistance for DK of between −11.7  % and +7.5  % different from 
the recommended and 16.7  % smaller for DE. The lower limit is influenced only by 𝜈  that leads to a 
difference for Germany of −28.6  % for beam with 𝑑 < 800  mm and between −28.6  % and −0.0  % for 
beams with 600 < 𝑑 ≤ 800  mm.  

The pre-compression, that increases the shear capacity reducing the cracks formation and the 
cracks width, is kept into account by the additional term 𝑘 𝜎 . This term is 20.0  % smaller for DE. 
Hence, with pre-compression, keeping into account the two terms of the formula 6.2a of the Code, the 
following differences arise: 

Table 4.42. Differences in shear capacity for elements without shear reinforcement. The differences in the last 
column cover all the cases (pre-stressed and non-pre-stressed). 

 I term of Eq. 6.2.a II term of Eq. 6.2.a Total 

r.v., FI, FR, IT, 
SE and UK 0  % 0  % 0  % 

DK −11.7 ÷ +7.5    % 0  %   −11.7 ÷ +7.5      % 

DE −16.7  % −20.0  %   −20.0 ÷ −16.7      % 

 
A lower 𝑉 ,  means that the stirrups are required for lower values of the shear force. Moreover, 

it can be said that Table 4.42 is valid for all kind of elements.  
Regarding the value of the minimum 𝑉 , , only two countries have different values. FR has a 

𝜈  that changes from one type of element to another, DE has the first factor of the equation that 
determines 𝜈  that changes with the effective depth while the EC2 recommend the same equation 
for all kind of elements. The equation depends on the effective depth throughout   𝑘. Figure 4.10 shows 
that there are important differences in the determination of ν , in particular, DE has lower value of 
ν   for deep beams (−29.0 ÷ 0  %) while FR has higher values of ν   for slabs (129.0 ÷ 329.0  %) and 
walls (135.0 ÷ 341.0  %) that means higher value of the lower limit of 𝑉 , . 
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Figure 4.10. Value for the factor that is multiplied with 𝑓  in equation for calculating 𝜈  for different 

countries. 

The huge differences between the values adopted by FR for slabs ad walls could be explained by 
the fact that the Eurocode, proposing a unique formula for all cases, decided to stay on the 
conservative side; FR decided to adopt different formula for the shear resistance rather than a single 
one. 
 6.2.2(6) Strength reduction factor for concrete cracked in shear: 

υ = 0.6 1 −             [𝑓   in  MPa]  

– DK: the Danish NA determines 𝜐 on the basis of the additional information given in point 
5.6.1(3)P of the same document that gives: 

𝜐 = 𝜐 = 0.7 −
𝑓
200           

– DE: the German NA gives values of υ that do not depend upon 𝑓 : 
𝜐=0.675 when there is a lateral force;  
𝜐=0.525 when there is torsion. 

The annex gives also the value of this parameter that has to be used when concrete is cast at 
different times: 

𝜐 = 0   for very smooth joints;  
𝜐 = 0.2   for smooth joints;  
𝜐 = 0.5   for rough joints;  
𝜐 = 0.7   for gap-tooth joints. 

Moreover, all these values have to be multiplied by υ  when the concrete strength class is 
higher or equal to C55/67. 

𝜐 = (1.1 −
𝑓
500)           

– IT: 
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  𝜐 = 0.7(1 −
𝑓
250) 

The value of 𝜐 is useful for determining the maximum shear force that can be applied at one 
element according to Equation 6.5 of the EC2: 

𝑉 ≤ 0.5𝑏 𝑑𝜐𝑓   [EC2 Eq.6.5] (4.11) 

It can be rewritten that: 

= 0.5𝜐 𝑓   (4.12) 

The table that follows reports the differences of the two terms of Eq.4.12 that can change in the 
countries. 

Table 4.43. Differences in  due to the terms that change in Eq.4.12 for concrete strength classes 

between C12/15 and C90/105. *is the range due to the variation of the partial safety factor for concrete between 
1.40 and 1.70. 

 Differences due to only 
𝝊 

Differences due to only 
𝒇𝐜𝐝 (see Table 4.9, p. 55) 

Difference due to both 
terms 

r.v., FR and SE 0.0  % 0.0  % 0.0  % 
DK −34.9   ÷ +12.0  % −11.8   ÷ +7.0  %* −42.6   ÷ +19.9  % * 
DE 18.2   ÷ 75.8  % −15.0  % 0.5   ÷ 22.5  % 
IT +16.7  % −15.0  % −0.8  % 

FI and UK 0.0  % −15.0  % −15.0  % 

 

 

Figure 4.11. Values of  related to different values of the characteristic compressive strength of 

concrete. For DK the lower (DK1) and upper (DK2) limits of the possible values are reported. 
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To summarise the results, DK, FI and the UK allow lower shear forces than the recommended 
one while DE allows larger shear forces than those recommended especially for high strength 
concrete.  
 6.2.3(2) limited value for the angle of the inclination of struts: 

1 ≤ 𝑐𝑜𝑡𝜃 ≤ 2.5  

– DK: 𝑡𝑔 ≤ 𝑐𝑜𝑡𝜃 ≤ 2.5 for steel Class B and C (where curtailed reinforcement is used, the upper 
limit should be reduced to 2.0). Additional information is given for 𝜃, for example in fully pre-
stressed structures where the shear cracks do not cause problems the upper limit could be 
increased. For steel class A is suggested the use of 𝑐𝑜𝑡𝜃 = 1.0 

– FR: for compressed or bended member use the recommended limits, for tensioned members 

the two rec. limits should be multiplied by 1 +  obtaining :1 1 + ≤ 𝑐𝑜𝑡𝜃 ≤

2.5 1 +  where 𝜎  is the tension tress in the centroid and should be taken negative (the 

case of tension with |𝜎 | ≤ 𝑓  is not treated with this formula). 

– DE: 1.0 ≤ 𝑐𝑜𝑡𝜃 ≤
. .

,
≤ 3.0 

where: 𝑉 , = 𝑐 ∙ 0.48𝑓 (1 − 1.2 )𝑏 𝑑  in which 𝑐 = 0.5; 𝜎    is the design value of the 
longitudinal concrete stress at the level of the centre of mass of the cross section (𝜎 =
𝑁

𝐴 ) that has to be used negative and 𝑁  is the design value of the longitudinal force due 
to external loads. 
With inclined shear reinforcement the lower limit of 𝑐𝑜𝑡𝜃 could be reduced to 0.58. More 
simple values of 𝑐𝑜𝑡𝜃 can be used: 𝑐𝑜𝑡𝜃 = 1.2 with only bending or bending and longitudinal 
force; 𝑐𝑜𝑡𝜃 = 1.0 for bending with axial traction. 

– SE: 1.0 ≤ 𝑐𝑜𝑡𝜃 ≤ 2.5 for non pre-stressed members and 1.0 ≤ 𝑐𝑜𝑡𝜃 ≤ 3.0 for pre-stressed 
members. 

– UK: use the r.v. except in elements in which shear co-exists with externally applied tension, in 
these cases use 𝑐𝑜𝑡𝜃 = 1.0. 

It is difficult to do a general comparison and discussion of the differences that arise from these 
different limits because the recommended limits are fixed while for DK and DE depend on different 
parameters. For this reason, it follows a rough estimation keeping into account the widest range that is 
possible for these two countries. In particular, for Germany the upper limit is taken equal to 3.0.  

It follows a discussion based on the Equation 6.14 of the Eurocode: 

𝑉 , = 𝛼 𝑏 𝑧𝜐 𝑓 ( )
( )   [EC2 Eq.6.14] (4.13) 

the equation can be re-write as follows: 

, = ( )
( )   

  
(4.14) 
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Figure 4.12. VRd,max/fcdν1αcwbwz (Eq.4.14) plotted	   in	   relation	   to	   cotθ	   for	   four	  different	   values	  of	   the	  angle	  α	  

(inclination	  of	  stirrups).	  The	  highest	  value	  of	  the	  curves	  obtained	  for	  α	  smaller	  than	  90°	   increase	  when	  the	   lower	  
limit decreases.  

The maximum values of each curve, than is important for the reason that will be discussed 
afterwards, depend upon the lower limit of 𝑐𝑜𝑡𝜃. The table below shows the difference of the 
maximum value. 

Table 4.44. Differences of the maximum value of VRd,max/fcdν1αcwbwz for different values of the stirrup 
inclination.  

 𝜶 = 𝟗𝟎° 𝜶 = 𝟕𝟓° 𝜶 = 𝟔𝟎° 𝜶 = 𝟒𝟓° 

r.v., FI, FR, IT, 
SE and UK 

0.500 
(0  %) 

0.634 
(0  %) 

0.789 
(0  %) 

1.000 
(0  %) 

DK 0.500 
(0  %) 

0.652 
(2.8  %) 

0.866 
(9.8  %) 

1.207 
(20.7  %) 

DE 0.500 
(0  %) 

0.634 
(0  %) 

0.866 
(9.8  %) 

1.183 
(18.3  %) 

 
If the shear resistance due to the stirrups is plotted on the same graph as Figure 4.12, it will give 

straight lines passing from the origin with the inclination given by the factor (𝐴 𝑠⁄ ). On this graph it 
is clear to distinguish different cases depending on the slope of the lines (see Figure 4.13): 

(1) maximum amount of shear reinforcement that ensure ductility (Equation 6.15 of the 
EC2); 

(2) range of 𝐴 𝑠⁄  in which the failure occurs simultaneously on concrete struts and steel 
ties (intercept point); 

(3) minimum amount of stirrups for having simultaneous failure of concrete and steel; 
(4) range of 𝐴 𝑠⁄  in which the failure occurs only on the steel side; 
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(5) minimum amount of shear reinforcement allowable given by Section 9 of the EC2. 
 

 
Figure 4.13.Qualitative shear resistance (VRd) on the steel side for different amount of shear reinforcement 

(continuous lines) and concrete side (dashed line). 

From Figure 4.13 it is possible to understand easily that DK and DE allow higher quantities of 
stirrups with respect of the recommended values when 𝛼 is smaller than 90°. More precisely, the 
maximum shear reinforcement can be calculated stating the shear resistance of the concrete struts 
equal to the shear resistance of the stirrups for the lower limit of 𝑐𝑜𝑡𝜃 as follow: 

 𝑉 , = 𝑉 ,   (4.15) 

 𝛼 𝑏 𝑧𝜐 𝑓 ( )
( ) = 𝑧𝑓 (𝑐𝑜𝑡𝜃 + 𝑐𝑜𝑡𝛼)𝑠𝑖𝑛𝛼 [EC2 Eq.6.13,6.14] (4.16) 

 = ( )
( )( )   (4.17) 

 
That can be rewritten as: 

 = ( ) = 𝑘 ( )   (4.18) 

 
𝑘 keeps into account all the parameters except the two angles 𝜃  and  𝛼.  
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Table 4.45. Differences in the maximum shear reinforcement due only to the lower value of 𝑐𝑜𝑡𝜃 for different 
values	  of	  α.	   

 
𝑨𝐬𝐰

𝒔 𝐦𝐚𝐱
 (𝜶 = 𝟒𝟓°) 

𝑨𝐬𝐰

𝒔 𝐦𝐚𝐱
 (𝜶 = 𝟔𝟎°) 

𝑨𝐬𝐰

𝒔 𝐦𝐚𝐱
 (𝜶 = 𝟕𝟓°) 

r.v., FI, FR, IT, 
SE and UK 

0.707  𝑘 
(0.0  %) 

0.577  𝑘 
(0.0  %) 

0.518  𝑘 
(0.0  %) 

DK 1.207  𝑘 
(+70.8  %) 

0.866  𝑘 
(+50.1  %) 

0.652  𝑘 
(+25.8  %) 

DE 1.058  𝑘 
(+49.6  %) 

0.864  𝑘 
(+49.7  %) 

0.775  𝑘 
(+49.6  %) 

 
It is obvious that the term 𝑘 depends on its turn upon 𝛼 , 𝜐 , 𝑓   and  𝑓  that are NDPs. The 

differences of these four parameters have been determined before and can be added to the differences 
due to the lower limit of cotθ. 

The consequence of having higher quantities of shear reinforcement lead to lower value of 
additional longitudinal reinforcement due to shear. In fact, according to Equation 6.18 of the EC2, this 
additional reinforcement should bear an additional longitudinal force ∆𝐹 : 

 ∆F = 0.5V (cotθ − cotα)  (4.19) 

 6.2.3(3) Strength reduction factor for cracked concrete in shear: 

 ν = 0.6(1 − ) [EC2 Eq.6.6N] (4.20) 

with higher values when the design stress of the shear reinforcement is below 80 % of the 
characteristic yield stress 𝑓  (see Eq. 6.10 of the EC2). 
and coefficient taking into account of the state of stress in compression chord: 

𝛼 =

⎩
⎪
⎨

⎪
⎧ 1    for  non  prestressed  members                                        
(1 + 𝜎 𝑓 )⁄   for  0 < 𝜎 ≤ 0.25𝑓                               
1.25  for  0.25𝑓 < 𝜎 ≤ 0.5𝑓                                                 
2.25(1 − 𝜎 𝑓 )⁄   for  0.5𝑓 < 𝜎 ≤ 1.0𝑓

 [EC2 Eq.6.11] (4.21) 

– DK: 𝜈 = 0.7 − ; 
– FR: use the recommended values except for section with both bending and tension for which it 

has to be used 𝛼 , = 1 + ; 

– IT: ν = 0.7(1 − ) and different values than the recommended one to be used when the 
design stress of the shear reinforcement is below 80 % of the characteristic yield stress f ; 

– UK: rec. values except when the design stress of the shear reinforcement is below 80 % of the 
characteristic yield stress f ; 

– DE: ν = 0.75ν  with ν = (1.1 − ) ≤ 1.0. 
𝛼 = 1.0 for all the situations. 
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Table 4.46. Values of 𝜈  for different conditions. In brackets the differences with respect of the recommended 
values for different values of 𝑓  within the range of 12 MPa and 90 MPa are reported. *determined for 𝛼 = 90°. 

 Design stress of shear 
reinforcement is ≥ 𝟎. 𝟖  𝒇𝐲𝐤 

Design stress of shear reinforcement is < 𝟎. 𝟖  𝒇𝐲𝐤 
𝒇𝐜𝐤 ≤ 𝟔𝟎𝐌𝐏𝐚 𝒇𝐜𝐤 > 𝟔𝟎𝑴𝑷𝒂 

r.v., FI, 
FR and 

SE 
0.6(1 −

𝑓
250) 

(  0.0  %) 

0.6 
(  0.0  %) 

0.9 −
𝑓
200 ≥ 0.5 

(  0.0  %) 

DK 0.7 −
𝑓
200 

(  −39.4   ÷ +12.0  %) 

r. v. 
(  0.0  %) 

r. v. 
(  0.0  %) 

DE 
0.75ν   (ν = (1.1 −

f
500)

≤ 1.0) 
(  31.3   ÷ 79.7  %) 

0.75ν  
(  22.5 ÷ 25.0  %) 

0.75ν  
(30.9 ÷ 38.0  %) 

IT 0.7(1 −
𝑓
250) 

(  16.7  %) 

0.7 
(  16.7  %) 

0.9 −
𝑓
200 0.85 ≥ 0.5 

(5.9   ÷ 17.6  %) 

UK 0.6(1 −
𝑓
250) 

(  0.0  %) 

0.54(1 − 0.5cosα) 
(  −10.0  %)* 

0.84 −
𝑓
200 (1 − 0.5cosα) ≥ 0.5 
(  −9.1 ÷ 0.0  %)* 

 
This parameter directly influences the value of the shear resistance of the concrete struts according to 

Equation 6.14 of the Eurocode 2: 

 𝑉 , = 𝛼 𝑏 𝑧𝜐 𝑓 ( )
( )  [EC2 Eq.6.14] (4.22) 

For non-prestressed elements, the differences of this shear resistance due to 𝜐   and  𝑓  are 
exposed below (𝛼  is equal to 1 for all the seven countries). 

Table 4.47. Differences of  𝑉 ,  for a non-prestressed element due to 𝜐   𝑎𝑛𝑑  𝑓 . *determined for 𝛼 = 90°. 
𝛼  has not been taken into account because it is equal to 1 for all countries. 

 Difference due to 𝛎𝟏 Difference due to 
𝒇𝐜𝐝 

Difference due to both 
parameters 

r.v., FR and SE   0.0  %   0.0  %   0.0  % 

DK   −39.4   ÷ +12.0  %   3.4%   −37.3   ÷ +15.8  % 

FI 0.0  %   −15.0  %   −15.0  % 

DE   22.5 ÷ +79.7  %   −15.0  %   4.1   ÷ 52.7  % 

IT 5.9   ÷ 17.6  %   −15.0  %   −10.0   ÷ 0.0  % 

UK   −10.0 ÷ 0.0  %*   −15.0  %*   −23.5   ÷ −15.0  %* 

 

These differences can also be applied to the formula for the maximum amount of shear 
reinforcement. 
 6.2.4(4) Limiting value for the angle 𝜃  of the inclined struts: 

1.0 ≤ 𝑐𝑜𝑡𝜃 ≤ 2.0  for compression flanges (45° ≥ 𝜃 ≥ 22.6°) 
1.0 ≤ 𝑐𝑜𝑡𝜃 ≤ 1.25 for tension flanges (45° ≥ 𝜃 ≥ 38.6°) 

– DK: use the rec. values for steel class B and C; use 𝑐𝑜𝑡𝜃 = 1 for steel class A; 
– DE: the strut angle 𝜃  must be determined under the conditions of point 6.2.3(2). In this case 

𝑏 = ℎ  and 𝑧 = ∆𝑥 must be set. Simplistic values of 𝑐𝑜𝑡𝜃 = 1.0 for tension (ties) and 
𝑐𝑜𝑡𝜃 = 1.2 for compression (struts) 

This angle is used for determining the maximum shear between web and flanges to prevent 
crushing of the compression struts in the flanges according to the following Equation: 
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 𝑣 ≤ 𝜈𝑓 𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃  [EC2 Eq.6.22] (4.23) 

The maximum value of the upper limit of 𝑣  is given by 𝜃 = 45°  (𝑐𝑜𝑡𝜃 = 1.0). Thus, the 
maximum 𝑣  allowable does not change since all the countries adopt the same lower limit of 𝑐𝑜𝑡𝜃 . 
The differences of this maximum shear arise from both 𝜈  and  𝑓  and have been determined before. 

Also the quantity of transverse reinforcement per unit of length is influenced by 𝑐𝑜𝑡𝜃  following 
formula 6.21 of the EC2. 

𝐴 𝑓
𝑠 ≥

𝑣 ℎ
cot𝜃  [EC2 Eq.6.21] (4.24) 

The differences are not reported here because of the impossibility of determining them in a 
general way since the German values of 𝑐𝑜𝑡𝜃  have to be determined case by case (especially for 
tension when the upper limit is much smaller than 3.0). 
 6.2.4(6) Factor for no extra reinforcement due to shear between web and flanges: 

𝑘 = 0.4  

– FR: 𝑘 = 0.5 for vertical surfaces of concrete cast in different times; 𝑘 = 1.0 when there are no 
vertical surfaces of concrete cast in different times; 

– DE: use the recommended value and for the minimum reinforcement follow Section 9 of the 
Eurocode. 

For FR, extra reinforcement is not required up to a value of 𝑣  that is 2.5 times the 
recommended one (150.0 %). 

The part that focus on torsion does not contain NDPs, but uses some National Parameters 
determined that have been discussed before. First of all, the Equation 6.28 of the EC2, that is used for 
determining the required cross sectional area, has an upper limit that correspond to the upper limit of 
𝑐𝑜𝑡𝜃. 

 
∑

= 𝑐𝑜𝑡𝜃 [EC2 Eq.6.28] (4.25) 

As can be seen in Equation 6.29 of the EC2, also the interaction diagram between torsion and 
shear depends upon some NDPs (𝜈, 𝛼 , 𝑓   and  𝜃). 

   
,

+
,

≤ 1.0  [EC2 Eq.6.29] (4.26) 

where: 
𝑇 , = 2𝛼 ν𝑓 𝐴 𝑡 , sinθcosθ and 𝑉 ,  is showed in Eq. (4.22). The differences of these two 
maximum capacities are reported below. 

Table 4.48. differences in the two terms that are present in Eq. 6.29 of the EC2. 

     𝚫𝑽𝐑𝐝,𝐦𝐚𝐱  𝐝𝐮𝐞  𝐭𝐨  𝛖𝟏  𝐚𝐧𝐝  𝒇𝐜𝐝 𝚫𝑻𝐑𝐝,𝐦𝐚𝐱    𝐝𝐮𝐞  𝐭𝐨  𝛎  𝐚𝐧𝐝  𝒇𝐜𝐝 

r.v., FR and SE   0.0  %   0.0  % 

DK   −37.3   ÷ +15.8  %   −42.6   ÷ +19.9  % 

FI   −15.0  %   −15.0  % 

DE   4.1   ÷ 52.7  %   0.5   ÷ 22.5  % 

IT   −10.0   ÷ 0.0  %   −0.8  % 

UK   −23.5   ÷ −15.0  %*   −15.0  % 
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From values of Table 4.48 it is possible to determine the different interaction diagrams with 
respect of the rec. values. 

The diagrams has been determined as follows (example of DK): 

Equation (4.26) can be rewritten as follow: 𝑇 ≤ 𝑇 , − ,

,
𝑉  and	  the	  Country’s	  specific	  

capacities can be rewritten in terms of the recommended maximum capacities: 

   𝑇 ≤ (1 + Δ𝑇 , )𝑇 ,
. . − ( , ) ,

( , ) ,
𝑉    (4.27) 

The graph below report the interaction diagrams calculated using Eq. (4.27). 

 
Figure 4.14. Interaction diagram for shear and torsion. The differences arise because of the different values of 

𝜐, 𝜐   𝑎𝑛𝑑  𝑓 ;	  ranges	  are	  due	  to	  different	  Δ%	  varying	  𝑓  and different safety factors for DK. 

 6.4.3(6) Factor for punching shear calculations: 
β	  (see Figure 4.15) 

0

0,5
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0 0,5 1

IT1

IT2
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DK2
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UK2

𝑇⬚
𝑇 ,

. .  

 

𝑉⬚
𝑉 ,

. .  
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A= internal column 
B= edge column 
C= corner column 

Figure 4.15. Recommended values for the factor β according with Figure 6.21n of the Eurocode. 

– FI: the whole part 6.4 of the EC2, that concerns punching, is not used in Finland. Punching is 
done according to the National Building Code of Finland (part B4) because it has been found 
some contradictions	  between	  Eurocode’s	  results	  and	  practical	  test	  results. 

– DE: use the recommended values with additional information:  
𝛽 = 1.35 for internal walls; 
𝛽 = 1.20 for internal wall corners. 

For this part that focuses on punching, FI will not be taken into account because of the decision 
of designing not using the EC2.  

For the values of 𝛽 there are no differences among the selected countries except for some 
additional information given into the German National Annex. 
 6.4.4(1) factors for punching shear resistance for elements without shear reinforcement: 

𝐶 , = .    ; 𝜈 = 0.035𝑘 𝑓    ; 𝑘 = 0.10 

– DE: 𝐶 , = .  for flat ceiling and floor tiles; 𝐶 , = . (0.1 + 0.6) for internal columns 

with < 4 and 𝐶 , = .  for foundations. 𝜈 should be determined according with point 
6.2.2(1). 

– UK: use recommended values remembering that there is special requirements for concrete 
strength classes greater than C50/60. 

The behaviour of the punching shear capacity without reinforcement presents the same 
differences as those reported for the shear resistance of elements without shear reinforcement (see 
point 6.2.2(1)). 
 6.4.5(3) Maximum punching shear resistance of elements with shear reinforcement: 

  𝑣 , = 0.4𝜈𝑓    (4.28) 

– SE: 𝑣 , = min  (0.4𝜈𝑓 ; 1.6𝑣 , ); 
– DE: 𝑣 , ≤ 𝑣 , = 1.4𝑣 , ,  and a concrete stress due to pre-stress may not be 

considered. 
The maximum punching shear resistance is influenced by 𝜈 and 𝑓  giving the following 

differences: 
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Table 4.49.Differences of 𝑣 , . DE and SE are not reported because of different procedures of calculation 
do not allow to compare the results in a general way. 

 Difference due to 
𝝂 

Difference due to 
𝒇𝐜𝐝 Total difference 

r.v., FR 0.0  % 0.0  % 0.0  % 

DK −34.9 ÷ 12.0  % −11.8 ÷ 7.0  % −57.4 ÷ 19.8  % 

FI, UK 0.0  % −15.0  % −15.0  % 

IT 16.7% −15.0  % −0.8  % 

 
 6.4.5(4) factor for determining the perimeter inside which shear reinforcement should be placed: 

𝑘 = 1.5  
– DK: 𝑘 = 2.0; 
– UK: 𝑘 = 1.5  unless the perimeter at which reinforcement is no longer required is less than 3𝑑 

from the face of the loaded area/column. In this case the reinforcement should be placed in the 
zone 0.3𝑑 and 1.5𝑑 from the face of the column. 

The perimeter influences only the position of the reinforcement for punching and not the 
amount of steel or the resistance of the elements. The differences are therefore of less importance.  
 6.5.2(2) factor of reduction for the shear strength for concrete struts: 

 𝜐 = 1 −  [EC2 Eq.6.57N] (4.29) 

 
– IT: 

.
1 − ; 

– DK: 0.6𝜐 = 𝜐 = 0.7 − ; 
– DE: 𝜐 = 1.25 for parallel cracks; 𝜐 = 1.0 for struts, when the cracks intersect the node; 

𝜐 = 0.875 for severe cracks with V and T. For concrete strength classes greater than C55/67, 
𝜐  must be multiplied by 𝜐 = 1.1 − . 



 

92 

Table 4.50. Differences of the design strength of concrete struts. The differences take into account also the 
diversities that arise from the determination of fcd.  

 

𝝈𝐑𝐝,𝐦𝐚𝐱 
Concrete struts with transverse 

compression 
(Eq. 6.55 of the EC2) 

Concrete struts with transverse 
tension 

(Eq. 6.56 of the EC2) 

r.v., FR and 
SE 

𝜎 , = 𝑓  
(0.0  %) 

𝜎 , = 0.6(1 −
𝑓
250)𝑓  

(0.0  %) 

DK 𝜎 , = 𝑓  
(3.4  %) 

𝜎 , = (0.7 −
𝑓
200)𝑓  

(−32.7 ÷ 15.9  %) 

FI and UK 𝜎 , = 𝑓  
(−15.0%) 

𝜎 , = 0.6(1 −
𝑓
250)𝑓  

(−15.0  %) 

IT 𝜎 , = 𝑓  
(−15.0  %) 

𝜎 , = .
.
(1 − )𝑓  

(0.0  %) 

DE 𝜎 , = 𝑓  
(−15.0  %) 

Parallel cracks: 
𝜎 , =   0.6 ∙ 1.25𝑓  

(11.6 ÷ 52.8  %) 
Cracks that intersect the node: 

    𝜎 , = 0.6 ∙ 1.0𝑓  
(−10.7 ÷ 22.2  %) 

Severe cracks with V and T: 
  𝜎 , = 0.6 ∙ 0.875𝑓  

(−21.8 ÷ 7.1  %) 
 

C>C55/67: 
Multiply by 𝜐 = 1.1 −  

 
 6.5.4(4) Reduction factor for the design strength in CCC nodes: 

see Table 4.51 with the following additional information: 
– FR: use the recommended values. It is possible to use greater values under special justification. 

In any cases, these three parameters should not exceed 1 𝜈 , 1.0  and  0.9⁄ , respectively. 
 

 6.5.4(4) Reduction factor for the maximum stress in triaxialy compressed nodes: 
see Table 4.51 with the following additional information: 

– FR: use the recommended values. It is possible to use greater values under special justification. 
In any cases, 𝑘   not exceed 3.0 𝜈⁄ . 
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The Section 6.8 of the Eurocode 2 focuses on design and verifications for fatigue. The Code says, 
at point 6.8.1(2) that the fatigue verifications should be carried out for structures and structural 
components that are subjected to regular load cycles (e.g. crane-rails, bridges exposed to high traffic 
load). Being this thesis oriented on buildings and normal structures and not on bridges, it has been 
decided not to treat this part. There will be presented only the different choices of the countries 
without a detailed analysis of these data. Also Chapter 5, that concerns case studies, will not treat this 
part. 
 6.8.4(1) Shape of the characteristic fatigue strength curves: 

 
Figure 4.16. Shape of the characteristic fatigue strength curve (S-N-curves for reinforcing and pre-stressing 

steel). A is the reinforcement at yield.(Figure 6.30 of EC2). 

Table 4.52.Parameter for S-N curves for reinforcing steel according to Table 6.3N of the EC2. 

Type of 
reinforcement  N* 

Stress exponent ∆𝝈𝐑𝐬𝐤 (MPa) at 
N* cycles 

𝒌𝟏 𝒌𝟐 

Straight and bent 
bars 1 10  5 9 162.5 

Welded bars and 
wire fabrics 10  3 5 58.5 

Splicing devices 10  3 5 35 

Note 1: values for ∆𝜎  are those for straight bars. Values for bent bars should be obtained 
using a reduction factor 𝜁 = 0.35 + 0.026𝐷 𝜙  ⁄    where  𝐷  is the diameter of the mandrel and 
𝜙  the bar diameter. 

 

Table 4.53. Parameters for S-N curves of pre-stressing steel according to Table 6.4N of the EC2. 
S-N curve for prestressing 
steel used for  

N* Stress exponent ∆𝝈𝐑𝐬𝐤 (MPa) at 
N* cycles 𝒌𝟏 𝒌𝟐 

Pre-tensioning 10  5 9 185 
Post-tensioning     
-Single strands in plastic 
ducts 10  5 9 185 

-Straight tendons or curved 
tendons in plastic ducts 10  5 10 150 

-Curved tendons in steel 
ducts 10  5 7 120 

-Splicing devices 10  5 5 80 
 

– FI: ∆𝜎 , 𝑘   and  𝑘   are taken from the steel specifications. 
– FR: for pre-stressing steel Table 6.4N of the EC2 is adopted, for reinforced steel table 6.3N is 

substituted by table 6.3NF of the French NA. 
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Table 4.54. Parameters for the S-N curves for reinforcing steel according with Table 6.3NF of the French NA. 
Type of 
reinforcement  N* 

Stress exponent ∆𝝈𝐑𝐬𝐤 (MPa) at 
N* cycles 𝒌𝟏 𝒌𝟐 

Straight and bent 
bars 1 10  5 9 

160 for ϕ≥40  
mm 

210 for ϕ≤16  
mm (2) 

Welded bars and 
wire fabrics 10  3 5 58.5 

Splicing devices 10  3 5 35 
Note 1: values for ∆𝜎  are those for straight bars. Values for bent bars should be obtained 
using a reduction factor 𝜁 = 0.35 + 0.026𝐷 𝜙  ⁄    where  𝐷  is the diameter of the mandrel and 
𝜙  is the bar diameter. 
Note 2: values of ∆𝜎  for ϕ comprises between 16 and 40 mm can be determined with 
linear interpolation. 

 
– DE: the two recommended tables are substituted by Table NA.6.3 and NA.6.4 of the German 

NA. 

Table 4.55. S-N curves parameters for reinforcement steel according with Table NA.6.3 of the German 
National Annex. 

Type of 
reinforcement  N* 

Stress exponent ∆𝝈𝐑𝐬𝐤 (MPa) at 
N* cycles 𝒌𝟏 𝒌𝟐 

Straight and bent 
bars a 10  5 9 c 175 

Welded bars and 
wire fabrics b 10  4 5 85 
a): values for ∆𝜎  are those for straight bars. Values for bent bars should be obtained using 
a reduction factor 𝜁 = 0.35 + 0.026𝐷 𝜙  ⁄    where  𝐷  is the diameter of the mandrel 𝜙  the bar 
diameter. For bars with 𝜙 > 28𝑚𝑚, ∆𝜎 = 145𝑁/𝑚𝑚  (only for high ductile rebars). 
b) unless other SN curves through a general building approval, shall be determined in each 
individual case. 
c) in corrosive environment (XC2, XC3, Xc4, XS, XD) 𝑘  must lie between 5 < 𝑘 < 9. 

Table 4.56. SN curves parameters for pre-stress steel according with Table NA.6.4 of the German National 
Annex. 

S-N curve for prestressing 
a steel used for:  N* 

Stress exponent ∆𝝈𝐑𝐬𝐤 (MPa) at 
N* cycles b 

𝒌𝟏 𝒌𝟐 Class 
1 

Class 
2 

Pre-tensioning 10  5 9 185 120 
Post-tensioning      
-Single strands in plastic 
ducts 10  5 9 185 120 

-Straight tendons or curved 
tendons in plastic ducts 10  5 9 150 95 

-Curved tendons in steel 
ducts 10  3 7 120 75 
a) unless other SN curves by an approval or individual approval for the installed state are determined. 
b) the pre-stressing steel are divided in two classes. The Class 1 shall be demonstrated by a general 
approval for the pre-stressing steel.  
 

 
 6.8.4(5) Factor for the shape of the characteristic fatigue strength curve once corrosion has 

started: 
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𝑘 = 5  

– UK: this parameter has to be determined consulting specialist literature. 
 6.8.6(1) Limit stress range for assuming fatigue resistance for un-welded reinforcing bars and 

welded reinforcing bars: 

𝑘 = 70  MPa ; 𝑘 = 35  MPa  

– FR: 𝑘 = 100  MPa ; 
– DE: 𝑘 = 0  MPa 

 6.8.6(3) Factor for reducing the mean value of pre-stressing force in welded joints: 

𝑘 = 0.9  MPa  

– DE: 𝑘 = 0.75 ; 
– UK: 𝑘 = 1.0 . 

 6.8.7(1) Number of cycles for fatigue verifications for concrete: 

𝑁 = 10   cycles  
and factor for fatigue verifications of concrete under compression or shear: 
𝑘 = 0.85  

– SE: 𝑘 = 1.0  
 

4.6.7 Section 7 –  Serviceability Limit States (SLS)  

 7.2(2) Factor for determining the limit of the compression stress under the characteristic 
combination of loads for avoiding longitudinal cracks: 

𝑘 = 0.60  

 7.2(3) Factor for determining the limit of the compression stress under the quasi-permanent loads 
for assuming a linear creep: 

𝑘 = 0.45  

There are no differences in the choices of these two parameters. 
 7.2(5) Factors for determining the limit of the tensile stress under the characteristic combination 

of loads for avoiding unacceptable cracks or deformations 

𝑘 = 0.80 for reinforcing steel; 𝑘 = 1.0 where the stress is caused by an imposed deformation 
and 𝑘 = 0.75 for the mean value of pre-stress in pre-stressing tendons. 

Unacceptable cracking or deformation may be avoided if, under the characteristic combination 
of loads, the tensile stress in the reinforcement does not exceed 𝑘 𝑓  for reinforcing steel; 𝑘 𝑓  
where the stress is caused by an imposed deformation and 𝑘 𝑓  for the mean value of pre-stress in 
pre-stressing tendons. 

The Table 4.57 reports synthetically the differences. 
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Table 4.57. Differences with respect to the recommended values of the maximum tensile stress in the 
reinforcement for avoiding unacceptable cracking or deformation (∆𝜎 , ) for the three different cases related to 
k1, k2 and k3. 

 𝒌𝟑 𝒌𝟒 𝒌𝟓 

r.v., DK and 
UK 

0.8 
(𝟎. 𝟎  %) 

1.0 
(𝟎. 𝟎  %) 

0.75 
(𝟎. 𝟎  %) 

FI 0.6 
(−𝟐𝟓. 𝟎  %) 

0.8 
(−𝟐𝟎. 𝟎  %) 

0.6 
(−𝟐𝟎. 𝟎  %) 

FR 0.8 
(𝟎. 𝟎  %) 

0.8 
(−𝟐𝟎. 𝟎  %) 

0.75 
(𝟎. 𝟎  %) 

DE 0.8 
(𝟎. 𝟎  %) 

1.0 
(𝟎. 𝟎  %) 

0.65 
(−𝟏𝟑. 𝟑  %) 

IT 0.8 
(𝟎. 𝟎  %) 

0.9 
(−𝟏𝟎. 𝟎  %) 

0.7 
(−𝟔. 𝟕  %) 

SE 1.0 
(𝟐𝟓. 𝟎  %) 

1.0 
(𝟎. 𝟎  %) 

0.75 
(𝟎. 𝟎  %) 

 
In general it can be said that all the countries chose factors for the steel stress limitation equal or 

smaller than the recommended ones having more severe restriction for the SLS. Only Sweden did 
differently choosing 𝑘 = 1.0 that leads to higher stress limit in the reinforcing bars of reinforced 
concrete.  

 
 7.3(5) Limiting value for the calculated crack width: 

Table 4.58. Recommended values of the maximum crack width (𝑤 ) [mm] according to table 7.1N of the 
EC2. 

Exposure Class 

Reinforced members and 
pre-stressed members with 

unbonded tendons 

Pre-stressed members with 
bonded tendons 

Quasi-permanent load 
combination 

Frequent load combination 

X0, XC1 0.4 1 0.2 

XC2, XC3, XC4 
0.3 

0.2 2 

XD1, XD2, XD3, XS1, XS2, XS3 Decompression 

Note 1: For X0 and XC1 exposure classes, crack width has no influence on durability and this limit is 
set to give generally acceptable appearance. In the absence of appearance conditions this limit may 
be relaxed 
Note 2: for these exposure classes, in addition, decompression should be checked under the quasi-
permanent combination of loads. 

 
In absence of specific requirements (e.g. water-tightness), it may be assumed that limiting the 

calculated crack widths to the value of w  given by Table 7.1N, under quasi-permanent combination 
of loads, will generally be satisfactory for reinforced concrete members in buildings with respect to 
appearance and durability. 

The durability of pre-stressed members may be more critically affected by cracking. In the 
absence of more detailed requirements, it may be assumed that limiting the calculated cracks widths 
to the values of w  given by Table 7.1N, under the frequent combination of loads, will generally be 
satisfactory for pre-stressed concrete members. The decompression limit requires that all parts of 
bonded tendons or duct lie at least 25 mm within the concrete in compression. 

– DK: the maximum crack width is given for the Danish environmental class according to Table 
7.1N: 



 

98 

Table 4.59. Maximum crack width 𝑤  [mm] according to the Danish NA. 

Environmental class 
(see Table 4.11 pag.57) 

Unstressed 
reinforcement Tendons 

Extra aggressive 
(XD2, XD3, XS3) 0.2 mm 0.1 mm 

Aggressive 
(XD1, XS1, XS2) 0.3 mm 0.2 mm 

Moderate 
(XC2, XC3, XC4) 0.4 mm 0.3 mm 

 
– FI: the limiting values of the crack width are reported in the table below 

Table 4.60.Table 7.1N-FI of the Finnish NA for the maximum crack width [mm]. 

Exposure Class 

Reinforced members and 
pre-stressed members with 

unbonded tendons 

Pre-stressed members with 
bonded tendons 

Quasi-permanent load 
combination Frequent load combination 

X0, XC1 0.4 1 0.2 

XC2, XC3, XC4 0.3 0.2 2 

XD1, XD2, XD3, XS1, XS2, XS3 0.2 Decompression 

Note 1: For X0 and XC1 exposure classes, crack width has no influence on durability and this limit is 
set to give generally acceptable appearance. In the absence of appearance conditions this limit may 
be relaxed 
Note 2: for these exposure classes, in addition, decompression should be checked under the quasi-
permanent combination of loads. 

 
– FR: use table 7.1NF of the French NA. 

Table 4.61. Values  of the maximum crack width (𝑤 )1 [mm] according to table 7.1NF of the French NA. 

Exposure Class 

Reinforced members and 
pre-stressed members with 

unbonded tendons 

Pre-stressed members with 
bonded tendons 

Quasi-permanent load 
combination Frequent load combination 

X0, XC1 0.4 2 0.2 2 

XC2, XC3, XC4 0.3 3 0.2 4 

XD1, XD2, XD3, XS1, XS2, XS3 
5 0.2 Decompression 6 

(1) Is a conventional values useful for calculations 
(2) Unless specifically requested on specific documents of the market, control of cracking is believed 
assured by the special design minimum data other than in section 7.3, the calculation of w  is then 
not required. 
(3) In the case of buildings use categories A to D (see EN 1991-1-1), unless specifically requested by 
documents of the market, control of cracking is believed provided by the special design minimum 
data other than in section 7.3, the calculation of w  is not required. 
(4) For this class of exposure, in addition, should also be checked the decompression in quasi-
permanent loads combination. 
(5) For the class XD3, in the absence of specific provisions in accordance with 7.3.1 (7), these values  
apply. 
(6) Decompression requires that all parts of bonded tendons or duct lie at least 25 mm within the 
concrete in compression. 

 
– DE: 
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Table 4.62. Maximum crack width [mm] according to the German National Annex. 
Exposure Class Reinforced 

concrete and un-
bonded tendons 

Post-stressed 
elements 

Pre-stressed members with immediate 
association 

Combination with exposure 
Quasi-permanent 
load combination 

Frequent load 
combination 

Frequent load 
combination 

Rare load 
combination 

X0, XC1 0.4 a 0.2 0.2 
- XC2, XC3, XC4 

0.3 0.2 b,c 
0.2 b 

XD1, XD2, XD3, XS1, 
XS2, XS3 d Decompression 0.2 
a) For X0 and XC1 exposure classes, crack width has no influence on durability and this limit is set to give 
generally acceptable appearance. In the absence of appearance conditions this limit may be relaxed 
b) Additional evidence of decompression in the quasi-permanent load combination shall be conducted. 
c) If the corrosion protection is provided elsewhere, the decompression check can be omitted 
d) see 7.3.1(7). 

 
– SE:  

Table 4.63. Maximum crack width [mm] according to Table D-2 of the Swedish NA.  
Exposure 
class 

Corrosion sensitive 1 Lightly corrosion sensitive 1 

L100 2 L 50 L 20 L 100 L 50 L 20 
XC0 - - - - - - 
XC1 0.40 0.45 - 0.45 - - 
XC2 0.30 0.40 0.45 0.40 0.45 - 
XC3, XC4 0.20 0.30 0.40 0.30 0.40 - 
XS1, XS2, 
XD1, XD2 0.15 0.20 0.30 0.20 0.30 0.40 

XS3, XD3 0.10 0.15 0.20 0.15 0.20 0.30 
1) Corrosion Sensitive is any reinforcement with diameter smaller than 4 mm, 
tendons or cold worked steel that permanently have tension greater than 400 
MPa. 
2) For determining 𝑤  should be taken into account the intended working life 

 
– UK: 

Table 4.64. Maximum crack width (𝑤 ) [mm] according to table NA.4 of the British NA. 

Exposure Class 

Reinforced members and 
pre-stressed members with 

unbonded tendons 

Pre-stressed members with 
bonded tendons 

Quasi-permanent load 
combination Frequent load combination 

X0, XC1 0.3 a 0.2 

XC2, XC3, XC4 
0.3 

0.2 b 

XD1, XD2, XD3, XS1, XS2, XS3 0.2 and Decompression c 

a) For X0 and XC1 exposure classes, crack width has no influence on durability and this limit is set to 
give generally acceptable appearance. In the absence of appearance conditions this limit may be 
relaxed. 
b) for these exposure classes, in addition, decompression should be checked under the quasi-
permanent combination of loads. 
c) w = 0.2  𝑚𝑚 applies to parts of the members that do not have to be checked for 
decompression. 
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For reinforced concrete and pre-stressed members with unbonded tendons, the maximum crack 
width for each exposure class is compared in the following table: 

Table 4.65. Recommended maximum crack width 𝑤  for reinforced concrete (grey shadowed line) and 
differences for each country (∆𝑤 ). (# No crack width limitation is given; *For X0 and XC1 exposure classes, crack 
width has no influence on durability and this limit is set to give generally acceptable appearance. In the absence of 
appearance conditions this limit may be relaxed; § Sweden’s	  values are given for different design intended life of 100, 
50 and 20 years).  

 X0 XC1 XC2 XC3 XC4 XD1 XD2 XD3 XS1 XS2 XS3 

r.v. and IT 0.4* 0.4* 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

DK # # 33.3% 33.3% 33.3% 0.0% -33.3% -33.3% 0.0% 0.0% -33.3% 

FI 0.0%* 0.0%* 0.0% 0.0% 0.0% -33.3% -33.3% -33.3% -33.3% -33.3% -33.3% 

FR 0.0% 0.0% 0.0% 0.0% 0.0% -33.3% -33.3% -33.3% -33.3% -33.3% -33.3% 

DE 0.0%* 0.0%* 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

SE§ (L100) # 12.5% 33.3% 0.0% 0.0% -33.3% -33.3% -50.0% -33.3% -33.3% -50.0% 

SE§ (L50) # # 50.0% 33.3% 33.3% 0.0% 0.0% -33.3% 0.0% 0.0% -33.3% 

SE§ (L20) # # # # # 33.3% 0.0% 33.3% 33.3% 0.0% 8.9% 

UK -25.0%* -25.0%* 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

 
To summarise, it can be said that FI and FR have smaller maximum crack width with respect to 

the recommended values while, for other countries, this difference has different signs when the 
exposure class varies. Although it has no differences, DE has been reported separately to the 
recommended values because it does not follow the recommended table but adopts another table that 
gives differences only in the prestressed elements. 

For the pre-stressed members (with exception of those with unbonded tendons that fall within 
the specifications for the r.c. members) it is not possible to do a general comparison of the crack width 
because there are different types of specifications: (i) maximum crack width is given; (ii) 
decompression limit (all parts of the bonded tendons or duct lie at least 25 mm within the concrete in 
compression); (iii) maximum crack width and decompression limit under the quasi-permanent loads 
combination; (iv) decompression limit and maximum crack width for all parts of the members that do 
not have to be checked for decompression. Comparative examples will be given in Chapter 5. 

For this reason, a table that summarise the different choices is given instead of a comparative 
one. 
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Table 4.66. Recommended maximum crack width (𝑤 ) for prestressed members. (# No crack width 
limitation is given; * for these exposure classes, in addition, decompression should be checked under the quasi-
permanent combination of loads.).  

 X0 XC1 XC2 XC3 XC4 XD1 XD2 XD3 XS1 XS2 XS3 

r.v. and IT 0.2 0.2 0.2* 0.2* 0.2* DEC DEC DEC DEC DEC DEC 
DK # # 0.3 0.3 0.3 0.2 0.1 0.1 0.2 0.2 0.1 
FI 0.2 0.2 0.2* 0.2* 0.2* DEC DEC DEC DEC DEC DEC 
FR 0.2 0.2 0.2* 0.2* 0.2* DEC DEC DEC DEC DEC DEC 

DE (post-
stressed) 0.2 0.2 0.2* 0.2* 0.2* 0.2* 0.2* 0.2* 0.2* 0.2* 0.2* 

DE 
(prestressed 

frequent 
loads comb) 

0.2 0.2 0.2* 0.2* 0.2* DEC DEC DEC DEC DEC DEC 

DE 
(prestressed 

rare loads 
comb.) 

# # # # # 0.2 0.2 0.2 0.2 0.2 0.2 

SE§ (L100) # 0.4 0.3 0.2 0.2 0.15 0.15 0.1 0.15 0.15 0.1 
SE§ (L50) # 0.45 0.4 0.3 0.3 0.2 0.2 0.15 0.2 0.2 0.15 
SE§ (L20) # # 0.45 0.4 0.4 0.3 0.3 0.2 0.3 0.3 0.2 

UK 0.2 0.2 0.2* 0.2* 0.2* 0.2 + DEC 0.2 + DEC 0.2 + DEC 0.2 + DEC 0.2 + DEC 0.2 + DEC 
 

 7.3.2(4) Limiting value of the concrete stress under the characteristic combination of loads and the 
characteristic value of pre-stress for avoiding minimum reinforcement: 

𝜎 , = 𝑓 ,   

– FR: 𝜎 , = 1.5𝑓 ,  for bonded wires;  𝜎 , = 0 for post-stressed bridges;  
– DE: 𝜎 , = 1.0  N/mm  is the limit for avoiding minimum reinforcement under the rare 

combination of action and the characteristic value of the pre-stress; 
– SE: the limiting value shall be determined using the following formula: 

𝜎 , = 𝑓 ζ⁄   

The values of 𝜁 should be determined using Table D-3 of the Swedish NA: 

Table 4.67. Values of 𝜁 according to Table D-3 of the Swedish NA. 

Exposure class L 100 1 L 50 L 20 
XC0, XC1 0.9 0.9 0.9 
XC2 1.0 0.9 0.9 
XC3, XC4 1.2 1.0 1.0 
XS1, XS2, XD1, XD2 1.5 1.2 1.0 
XS3, XD3 1.8 1.5 1.2 
1) intended working life of 100, 50 and 20 years. 
2) if the crack width check is done before 28 days, 𝑓  should be 
substituted by 𝑓 (𝑡) 

 
The determination of the maximum tension stress for avoiding minimum reinforcement follows 

different methods in DE and SE. FR has different values than those recommended because of the factor 
that multiply the equation.  

Sweden chose to determine 𝜎 ,  from 𝑓  not specifying if it has to be used 𝑓 ,  or 𝑓 . . 
Knowing the policy adopted by Sweden in the determination of the NDPs and trying to stay on the 
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conservative side, it can be assumed that the value that has to be used is 𝑓 , = 0.7𝑓 . 
Nevertheless, for completeness, both results will be presented. In addition, throughout 𝜁, SE relates the 
maximum stress to the intended design working life. 

The following discrepancies have been found: 
 𝝈𝐜𝐭,𝐩 𝚫𝝈𝐜𝐭,𝐩 

r.v., DK, FI, IT and 
UK 𝑓 , = 𝑓 ,  (0.0  %) 

FR 𝑓 , = 1.5𝑓 ,  (−50.0  %) 

DE 1.0  N/mm  (−80.0 ÷ −36.0  %) 

SE (𝒇𝐜𝐭𝐤𝟎,𝟎𝟓) 
𝑓 .

ζ =
0.7𝑓

ζ  L 100 
(−61.0 ÷ −22.0  %) 

L 50 
(−53.0 ÷ −22.0  %) 

L 20 
(−42.0 ÷ −22.0  %) 

SE (𝒇𝐜𝐭𝐤𝟎,𝟗𝟓) 
𝑓 .

ζ =
1.3𝑓

ζ  L 100 
(−28.0 ÷ +44.0  %) 

L 50 
(−13.0 ÷ +44.0  %) 

L 20 
(+8.0 ÷ +44.0  %) 

 
FR, DE and SE (𝑓 , ) adopt lower values of the concrete tension stress limit meaning that 

minimum reinforcement is required for lower values of tension in concrete. 
 

 7.3.4(3) Factors for determining the maximum final crack spacing (𝑠 , ): 

𝑘 = 3.4;  𝑘 = 0.425  

– FR: use the rec. values except for concrete cover greater than 25 mm for which 𝑘 =
3.4(25 c⁄ )   with  𝑐  in  mm.  

– DE: 𝑘 = 𝑘 = 1.0; 𝑘 = 0; 𝑘 = 1/3.6 with a maximum value of s , ≤
. ,

. 

– SE: 𝑘 = 7(𝜙 c⁄ )   with  𝑐  in  mm.  
It should be observed that DE changed the values of 𝑘 and  𝑘  even if they are not NDPs. 
According to the Eurocode, the maximum final crack spacing 𝑠 ,  is calculated using Equation 

7.11 of the Code that is reported below. 

𝑠 , = 𝑘 𝑐 + 𝑘 𝑘 𝑘
,

   (4.30) 

 
𝑠 ,  will then be used for determining the crack width using Equation 7.8 of the Code: 

𝑤 = 𝑠 , (𝜀 − 𝜀 )   (4.31) 

For a reinforced concrete element, subjected to only bending (𝑘 = 0.5) and using high bond 
bars (𝑘 = 0.8) the following equations are used for determine 𝑠 , : 
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Table 4.68. Different equations adopted for the determination of the final crack spacing. 
 

    𝒔𝐫,𝐦𝐚𝐱 

r.v., DK, FI, IT and UK  3.4𝑐 + 0.8 ∙ 0.5 ∙ 0.425
,
= 3.4𝑐 + 0.17

,
 

FR 

For	  c≤25	  mm: 
Use the rec. val. 
 
For c>25 mm: 

 3.4 𝑐 + 0.8 ∙ 0.5 ∙ 0.425
,
= 29.1𝑐 + 0.17

,
 

DE  1.0 ∙ 1.0 ∙
. ,

= 0.278
,

 

SE  7𝜙 + 0.8 ∙ 0.5 ∙ 0.425
,
= 7𝜙 + 0.17

,
 

 
In a graph that has 𝑠 ,  on the vertical axis and 𝜙/𝜌 ,    on the horizontal one, the equations 

represent straight lines. Recommended equation, DK, FI, IT, UK, FR and SE have the same inclination of 
the lines but different intercept points of the vertical axis. For values of the concrete cover greater than 
25 mm, FR has a lower 𝑠 ,  because the lines intercept the vertical axis below the r.v. keeping the 
same	   inclination.	   Sweden’s	   trend	   is	   near	   the	   recommended	   one	   when	   𝜙 is around 0.5𝑐, while for 
greater diameters it has greater values of 𝑠 , . DE has lower values of the final crack spacing when 
𝜙/𝜌 ,    is smaller than around 32𝑐 and higher values elsewhere. 

The above mentioned graph is reported in the next page and its horizontal axis covers a wide 
range of situations from heavily reinforced sections with small diameter bars (𝜙/𝜌 ,  small) to low 
reinforced sections with large bars diameters (𝜙/𝜌 ,  large). For Sweden five trends with different 
bar diameters have been reported and each trend has a restricted domain obtained dividing the bar 
diameter for the extreme values of 𝜌 ,  that have been adopted (𝜌 , = 0.5%÷ 4.0%). The name of 
the	  Sweden’s	  trend	  is	  given	  by	  “SE”	  followed	  by	  the	  bar	  diameter	  (e.g.	  SE	  4	  represents	  ϕ  = 4 mm). 

 



 

104 

  

  

  
Figure 4.17. Values of 𝑠 ,  and trend of the comparison (∆𝑠 , %) with the recommended value for 

reinforced concrete elements for different values of the concrete cover (c). 
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Figure 4.18. Values of 𝑠 ,  and trend of the comparison (∆𝑠 , %) with the recommended value for 

prestressed concrete elements for different values of the concrete cover (c). 

0

500

1000

1500

2000

2500

3000

0 1000 2000 3000 4000 5000 6000 7000 8000

sr,max 

ϕ/𝝆p,eff 

Prestressed concrete, c= 15 mm 
(ρ=0.5÷4.0 %;ϕ=4÷40 mm) 

r.v.,DK, FI, IT, UK
FR
DE
SE 4
SE 8
SE 16
SE 24
SE 32
SE 40 -80%

-60%

-40%

-20%

0%

20%

40%

60%

80%

100%

0 1000 2000 3000 4000 5000 6000 7000 8000

𝜟sr,max 

ϕ/𝝆p,eff 

Prestressed concrete, c= 15 mm 
(ρ=0.5÷4.0 %;ϕ=4÷40 mm) 

0

500

1000

1500

2000

2500

3000

0 1000 2000 3000 4000 5000 6000 7000 8000

sr,max 

ϕ/𝝆p,eff 

Prestressed concrete, c= 30 mm 
(ρ=0.5÷4.0 %;ϕ=4÷40 mm) 

r.v.,DK, FI, IT, UK
FR
DE
SE 4
SE 8
SE 16
SE 24
SE 32
SE 40 -80%

-60%

-40%

-20%

0%

20%

40%

60%

80%

100%

0 1000 2000 3000 4000 5000 6000 7000 8000

𝜟 sr,max 

ϕ/𝝆p,eff 

Prestressed concrete, c= 30 mm 
(ρ=0.5÷4.0 %;ϕ=4÷40 mm) 

0

500

1000

1500

2000

2500

3000

0 1000 2000 3000 4000 5000 6000 7000 8000

sr,max 

ϕ/𝝆p,eff 

Prestressed concrete, c= 45 mm 
(ρ=0.5÷4.0 %;ϕ=4÷40 mm) 

r.v.,DK, FI, IT, UK
FR
DE
SE 4
SE 8
SE 16
SE 24
SE 32
SE 40 -80%

-60%

-40%

-20%

0%

20%

40%

60%

80%

100%

0 1000 2000 3000 4000 5000 6000 7000 8000

𝜟sr,max 

ϕ/𝝆p,eff 

Prestressed concrete, c= 45 mm 
(ρ=0.5÷4.0 %;ϕ=4÷40 mm) 



 

106 

To summarise, it is here presented a table with all the ranges of variation of 𝑠 , . It is 
important to highlight that these differences, through Equation 7.8 of the Eurocode, affect the crack 
width 𝑤 . 

Table 4.69.Differences of 𝑠 , (𝑖𝑛  𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒) for reinforced concrete with respect of the r.v. The same 
ranges of difference affect 𝑤 . Where two values are given, the first represents the difference for 𝜙/𝜌 ,  = 200, 
while the second represents difference for 𝜙/𝜌 ,  = 8000. 

r.v., DK, 
FI, IT 

and UK 
FR DE SE 

𝝓 = 𝟖  𝒎𝒎 𝝓 = 𝟏𝟔  𝒎𝒎 𝝓 = 𝟐𝟒  𝒎𝒎 𝝓 = 𝟑𝟐  𝒎𝒎 

c=15 mm 0.0 0.0 −34.6 
57.6 

1.5 
5.9 

−10.3 
51.3 

13.5 
76.5 

15.2 
92.5 

c=30 mm 0.0 −8.6 
−0.8 

−59.1 
−52.1 

−33.8 
−12.3 

1.5 
5.9 

7.2 
32.4 

10.3 
51.3 

c=45 mm 0.0 −26.5 
−3.3 

−70.3 
47.0 

−51.9 
−22.8 

−18.6 
−5.9 

1.5 
5.9 

5.7 
24.6 

 
In general it can be said that, for reinforced concrete, 𝑠 ,  (and so 𝑤 ) of all countries become 

closer to the recommended one for high values of 𝜙/𝜌 ,  except for DE that present different trends. 
For the prestressed concrete, 𝑠 ,  become closer to the recommended ones for high values of 
𝜙/𝜌 ,  for all countries. 

 
 

 7.4.2(2) Factor for determining the span to depth ratio limit in order to avoid the calculation of 
deflections: 

Table 4.70. Recommended values of K and values obtained from Equation 7.16 of the EC2 for the most 
common cases (C30/37 and 𝜎 = 310  𝑀𝑃𝑎) according with Table 7.4N of the Eurocode. 

Structural system K Concrete highly stressed 
𝝆 = 𝟏. 𝟓  % 

Concrete lightly stressed 
𝝆 = 𝟎. 𝟓  % 

Simply supported beam, one or two-way 
spanning simply supported slab 1.0 14 20 

End span of continuous beam or one-way 
continuous slabs or two-way spanning 
slab continuous over one long side 

1.3 18 26 

Interior span of beam or one-way or two-
way spanning slab 1.5 20 30 

Slab supported on columns without 
beams (flat slabs) (based on longer 
span) 

1.2 17 24 

Cantilever 
0.4 6 8 

Note 1: The values given have been chosen to be generally conservative and calculation may frequently show 
that thinner members are possible. 
Note 2: For 2-way spanning slabs, the check should be carried out on the basis of the shorter span. For flat slabs 
the longer span should be taken. 
Note 3: The limits given for flat slabs correspond to a less severe limitation than a mod-span deflection of 
span/250 relative to the columns. Experience has shown this to be satisfactory. 

 
– FI:  
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Table 4.71. Recommended values of K and values obtained from Equation 7.16 of the EC2 for the most 
common cases (C30/37 and 𝜎 = 310  𝑀𝑝𝑎) according with Table 7.4N-FI of the Finnish NA. 

Structural system K Concrete highly stressed 
𝝆 = 𝟏. 𝟓  % 

Concrete lightly stressed 
𝝆 = 𝟎. 𝟓  % 

Simply supported beam, one or two-way 
spanning simply supported slab 0.8 11 16 

End span of continuous beam or one-way 
continuous slabs or two-way spanning 
slab continuous over one long side 

1.0 15 22 

Interior span of beam or one-way or two-
way spanning slab 1.2 17 24 

Slab supported on columns without 
beams (flat slabs) (based on longer 
span) 

1.0 14 20 

Cantilever 
0.3 4 6 

Note 1: The values given have been chosen to be generally conservative and calculation may frequently show 
that thinner members are possible. 
Note 2: For 2-way spanning slabs, the check should be carried out on the basis of the shorter span. For flat slabs 
the longer span should be taken. 
Note 3: The limits given for flat slabs correspond to a less severe limitation than a mod-span deflection of 
span/250 relative to the columns. Experience has shown this to be satisfactory. 

 
– FR: more specific information are given: 

Table 4.72. Recommended values of K and values obtained from equation 7.16 of the EC2 for the most 
common cases (C30/37 and 𝜎 = 310  𝑀𝑝𝑎) according with the French NA. 

Structural system K Concrete highly stressed 
𝝆 = 𝟏. 𝟓  % 

Concrete lightly stressed 
𝝆 = 𝟎. 𝟓  % 

Simply supported beam 1.0 14 20 
One-way span simply supported   25 30 
End span of continuous beam 1.3 18 26 
End span of a one-way continuous slabs 
or continuous along a side of a two-way 
slabs 

 30 35 

Interior span of beam  1.5 20 30 
Interior span of a one or two-way slabs  35 40 
Slab supported on columns without 
beams (flat slabs) (based on longer 
span) 

1.2 17 24 

Cantilever beam 0.4 6 8 
Cantilever slab 0.4 10 12 
Note 1: The values given have been chosen to be generally conservative and calculation may frequently show 
that thinner members are possible. 
Note 2: The limits given for flat slabs correspond to a less severe limitation than a mod-span deflection of 
span/250 relative to the columns. Experience has shown this to be satisfactory. 

 
– UK: Use Table 7.4N of the EC2 with two additional notes: 
(i) Note 4: The values of K in the table may not be appropriate when the form-work is struck at an 
early age or when the construction loads exceed the design load. In these cases, the deflections 
may need to be calculated	  using	  advice	  in	  specialist	  literature,	  e.g.	  the	  Concrete	  Society’s	  report	  on	  
deflections in concrete slabs and beams and an article for the Magazine of Concrete Research 
entitled	  “Are	  existing	  span	  to	  depth	  rules	  conservative	  for	  flat	  slabs?”. 
(ii) Note 5: the ratio of area of reinforcement provided to that required should be limited to 1.5 
when the span/depth ratio is adjusted. This limit also apply to any adjustments to span/depth 
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ratio obtained from Expression (7.16a) or (7.16b) from which this table has been derived for 
concrete class C30/37. 
 

The Eurocode in clause 7.4.2(2) states that concrete beams or slabs in buildings that are 
designed following Equations 7.16a and b, are considered as not exceeding the limits of displacement 
set out in 7.4.1(4) and (5).  

          = 𝐾 11 + 1.5 𝑓 + 3.2 𝑓 − 1                                                                                 if  𝜌 ≤   𝜌  

 [EC2 Eq.7.16a] (4.32) 

    = 𝐾 11 + 1.5 𝑓 + 𝑓                                                                                                                 if  𝜌 >   𝜌  

 [EC2 Eq.7.16b] (4.33) 

These two equations can be rewritten as follows: 

 𝑑 = [ .]
  (4.34) 

Eq. (4.34) means that the effective depth d is linearly related to the span l and inversely 
proportional to the value of K that multiplies a term that depends upon 𝑓  and the amount of 
reinforcement.  

The influence of K over d can be determined, as it usually done in this thesis, using the formula 
showed below (example for DK): 

∆𝑑% =
. .

. . 100 = […] . .[… ]

. .[… ]

100 = − . .

. .
100 =

. .
− 1 100  

 

Table 4.73. Differences of the effective depth due to different values of K. 

Structural system 
r.v., DK, 

DE, IT, SE 
and UK 

FI FR 

Simply supported beam 1.0 
(0.0  %) 

0.8 
(25.0  %) 

1.0 
(0.0  %) 

One-way span simply supported  1.0 
(0.0  %) 

0.8 
(25.0  %) - 

End span of continuous beam 1.3 
(0.0  %) 

1.0 
(30.0  %) 

1.3 
(0.0  %) 

End span of a one-way continuous slabs 
or continuous along a side of a two-way 
slabs 

1.3 
(0.0  %) 

1.0 
(30.0  %) - 

Interior span of beam  1.5 
(0.0  %) 

1.2 
(25.0  %) 

1.5 
(0.0  %) 

Interior span of a one or two-way slabs 1.5 
(0.0  %) 

1.2 
(25.0  %) - 

Slab supported on columns without 
beams (flat slabs) (based on longer 
span) 

1.2 
(0.0  %) 

1.0 
(20.0  %) 

1.2 
(0.0  %) 

Cantilever beam 0.4 
(0.0  %) 

0.3 
(33.3  %) 

0.4 
(0.0  %) 

Cantilever slab 0.4 
(0.0  %) 

0.3 
(33.3  %) 

0.4 
(0.0  %) 
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It is also possible to compare the results of the l/d values given by the tables, this also allows to 
compare the values of l/d for slabs given by the French NA for which the value of K is missing. 

The values are compared using the following formula: 

∆𝑑% = ( ⁄ ) ( ⁄ ) . .

( ⁄ ) . .
100 = ( ⁄ ) ( ⁄ ) . .

( ⁄ ) . .
100 = ( ⁄ ) − ( ⁄ ) . .

( ⁄ ) . .
100 = ( ⁄ ) . .

( ⁄ ) − 1 100  

 

Table 4.74. Values of the l/d ratio and differences of the effective depth (d) due to different values of the 
span/depth ratio. 

Structural system 

r.v., DK, DE, IT, SE 
and UK FI FR 

𝝆 = 𝟏. 𝟓  % 𝝆 = 𝟎. 𝟓  % 𝝆 = 𝟏. 𝟓  % 𝝆 = 𝟎. 𝟓  % 𝝆 = 𝟏. 𝟓  % 𝝆 = 𝟎. 𝟓  % 

Simply supported beam 14 
(0.0  %) 

20 
(0.0  %) 

11 
(27.3  %) 

16 
(25.0  %) 

14 
(0.0  %) 

20 
(0.0  %) 

One-way span simply supported  14 
(0.0  %) 

20 
(0.0  %) 

11 
(27.3  %) 

16 
(25.0  %) 

25 
(−44.0  %) 

30 
(−33.3  %) 

End span of continuous beam 18 
(0.0  %) 

26 
(0.0  %) 

15 
(20.0  %) 

22 
(18.2  %) 

18 
(0.0  %) 

26 
(0.0  %) 

End span of a one-way continuous 
slabs or continuous along a side of a 
two-way slabs 

18 
(0.0  %) 

26 
(0.0  %) 

15 
(20.0  %) 

22 
(18.2  %) 

30 
(−40.0  %) 

35 
(−25.7  %) 

Interior span of beam  20 
(0.0  %) 

30 
(0.0  %) 

17 
(17.6  %) 

24 
(25.0  %) 

20 
(0.0  %) 

30 
(0.0  %) 

Interior span of a one or two-way 
slabs 

20 
(0.0  %) 

30 
(0.0  %) 

17 
(17.6  %) 

24 
(25.0  %) 

35 
(−42.9  %) 

40 
(−25.0  %) 

Slab supported on columns without 
beams (flat slabs) (based on longer 
span) 

17 
(0.0  %) 

24 
(0.0  %) 

14 
(21.4  %) 

20 
(20.0  %) 

17 
(0.0  %) 

24 
(0.0  %) 

Cantilever beam 6 
(0.0  %) 

8 
(0.0  %) 

4 
(50.0  %) 

6 
(33.3  %) 

6 
(0.0  %) 

8 
(0.0  %) 

Cantilever slab 6 
(0.0  %) 

8 
(0.0  %) 

4 
(50.0  %) 

6 
(33.3  %) 

10 
(−40.0  %) 

6 
(−33.3  %) 

 
To summarize, FI has always values of d that exceed the recommended ones of between 25.0 % 

and 50.0 %. France, although has the same values of K, gives different values of l/d for slabs that lead 
to lower d for slabs of about -44.0 % up to -25.0 %.  
 

4.6.8 Section 8 –  Detailing of Reinforcement and 
Prestressing Tendons - General 

 8.2(2) Factors for spacing of bars: 
𝑘 = 1  ;   𝑘 = 5  mm  
– FI: 𝑘 = 3  mm; 
– DE: 𝑘 = 0 for 𝑑 ≤ 16  mm; : 𝑘 = 5 for 𝑑 > 16  mm 

 
For bars diameter smaller than 22 mm, DE has a smaller space between bars only when 𝑑  is 

equal to 16 mm; for all the other aggregate size and for bar diameter bigger than 20 mm Germany 
follows the recommended values. 
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FI has more narrow space between bars and this space varies with the bar diameter.  

 
Figure 4.19. Differences in the bars spacing for different bar diameters and different maximum aggregate 

sizes. The bar diameter is reported in brackets. The trend does not change with the diameter for 𝜙 = 8 ÷ 20  𝑚𝑚. 

 8.3(2) Minimum mandrel diameter for bent bars (𝜙 , ):  
The recommended values are given in the following table. 

Table 4.75. Minimum mandrel diameter for bent bars according to Table 8.1Na and b of the Eurocode. 

Type of reinforcement   𝝓𝐦,𝐦𝐢𝐧 
Bars and wires: 
 𝝓 ≤ 𝟏𝟔  𝒎𝒎  4𝜙 
 𝝓 > 𝟏𝟔  𝒎𝒎  7𝜙 
Welded bent reinforcement and mesh bend after welding: 

  

or 
 

 5𝜙 

 

or 

 

 𝑑 ≥ 3𝜙:            4𝜙 
𝑑 < 3𝜙  or  welding  within  the  curved  zone:  20𝜙 

The mandrel size for welding within the curved zone may be reduced to 𝟓𝝓 where the welding is 
carried out in accordance with EN ISO 17660. 

 
– FI: different specifications are given. 
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Table 4.76. Minimum mandrel diameter for bent bars according to the Finnish NA. 
Type of reinforcement   𝝓𝐦,𝐦𝐢𝐧 
a) Bars and wires: 
 At least two times the value of the 

bending test 
b1) Welded bent reinforcement and mesh bend after welding (outside HAZ): 

 

When the welding point is outside the 
area influenced by the welding heat 
(HAZ) the mandrel diameter is as 
clause a.  
The HAZ area can be taken as 𝟑𝝓 to 
both side of the welding point 

b2) welded bent reinforcement and mesh bent after welding (outside HAZ) 
and the welding point on the inside of the bending: 

 

-2 times the value given in clause a 
-1.5 times the value given clause a 
when reinforcement SFS 1202 or 
CEN/TR 15481 is used 

b3) welded bent reinforcement and mesh bent after welding (outside HAZ) 
and the welding point on the outside of the bending: 

 

- 5.0 times the value given in clause a 
- 3.0 times the value given in clause a 
when reinforcement SFS 1202 or 
CEN/TR 15481 is used 

c) load bearing welding 
 
 Bending of reinforcement with load 

bearing welding requires always 
special safety and quality assurance 
arrangements 

 
– DE: 

a) for bars 

Table 4.77. Minimum mandrel diameter according to Table NA.8.1a of the German NA. 

Bends, hooks and 
loops 

Helicoidally bended bars or other 
curved bars 

Bar diameter (mm) Minimum value of the concrete cover at 
right angles to the bending plane 

𝝓 < 𝟐𝟎 𝝓 ≥ 𝟐𝟎 > 𝟏𝟎𝟎  𝐦𝐦 
𝐚𝐧𝐝 > 𝟕𝝓 

> 𝟓𝟎  𝐦𝐦 
𝐚𝐧𝐝 > 𝟑𝝓 

≤ 𝟓𝟎  𝐦𝐦 
𝐨𝐫 ≤ 𝟑𝝓 

4𝜙 7𝜙 10𝜙 15𝜙 20𝜙 

 
b) for welded bent reinforcement and mesh bend after welding 
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Table 4.78. Minimum mandrel diameter according to Table NA.8.1b of the German NA. 

For 
 

Predominantly static 
effect 

Non predominantly 
static effect 

Weld 
outside 

Weld 
inside 

Weld 
outside 

Weld 
inside 

 Bending area The bend 

𝒂 < 𝟒𝝓 20𝜙 
20𝜙 100𝜙 100𝜙 

𝒂 ≥ 𝟒𝝓 See Table 
NA.8.1a 

a is the distance between the bending and the welding start point 

 
– SE: Weldable reinforce bars tested with SS-EN ISO 15630-1 can be bent with a mandrel 

diameter which is not less than 0.75 times the mandrel diameter provided for the bending test 
if the temperature is greater than 0 degree Celsius. In other case use the recommended values. 

– UK: use table given by the British NA. 

Table 4.79. Minimum mandrel diameter for bent bars according to Table NA.6a and b of the British NA. 

Type of reinforcement   𝝓𝐦,𝐦𝐢𝐧 

Bars and wires: 

 𝝓 ≤ 𝟏𝟔  𝒎𝒎  4𝜙 

 𝝓 > 𝟏𝟔  𝒎𝒎  7𝜙 

Welded bent reinforcement and mesh bend after welding: 
Location of the transverse bar defined as a 
multiple of the bar diameter 𝜙  

Transverse bar inside or outside a bend or 
centre of a transverse bar ≤ 4  𝑚𝑚 from a 
bend 

 20𝜙 

Centre of transverse bars >4  𝑚𝑚 from a 
bend 

 4𝜙  for    𝜙 ≤ 16  mm 

 7𝜙  for    𝜙 ≤ 20  mm 

 
The differences that arise from this NDP do not lead to important consequences and for this 

reason are not investigated. 
 8.6(2) Anchorage capacity of one welded bar: 

 𝐹 = 𝑙 𝜙 𝜎 ≤ 𝐹  
 (4.35) 

where: 

The design shear strength of the weld 𝐹   is  equal  to  0.5𝐴 𝑓  (𝐴  is the cross-section of the 
anchored bar; 𝑓  is the design yield strength) 

The design length of transverse bar 𝑙  is equal to 𝑙 = 1.16𝜙 ≤ 𝑙   
𝑙  is the length of transverse bar, but no more than the spacing of bars to be anchored;  
𝜙  is the diameter of transverse bar;  
𝜎  is the concrete stress equal to ( ) ≤ 3𝑓   
where: 𝜎  is the compression in concrete perpendicular to both bars, y is equal to 0.015 +

0.14𝑒 .  and x is a function according for the geometry 𝑥 = 2 +1 being c  the concrete 
cover perpendicular to both bars. 
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– DE: 𝐹 = 0. 
The first observation that has to be done is that DE sets equal to zero the anchorage capacity of a 

welded bar neglecting therefore the contribute of this bar. 
During the calculation of 𝐹  the maximum characteristic yield strength of the steel plays an 

important role because it can lead to greater values of 𝑙  (see the formula above). 
It has to be said that also the partial safety factors for materials take part throughout 𝑓  and 𝑓 . 

In particular, 𝛾  changes a little only for DK while 𝑓  takes part in the upper limiting value of 𝜎 . It 
can be concluded that these last two parameters do not influence in an important way the anchorage 
capacity. 

 
  8.8(1) Maximum diameter for normal reinforcement: 

𝜙 = 32  mm  
– FR: 𝜙 = 40  mm;  
– DE: 𝜙 = 32  mm, but bars with 𝜙 > 32  mm may be used in structures with a minimum 

thickness of 15𝜙 and concrete classes between C20/25 and C80/95. Bars with 𝜙 greater than 
40 mm can be used under authorisation. 

– UK: 𝜙 = 40  mm. 
 

The Eurocode defines in Section 8 the following parameters:  
i) ultimate bond stress for anchorage of the longitudinal reinforcement (𝑓 ); 
ii) basic anchorage length for longitudinal reinforcement (𝑙 , ); 
iii) design anchorage length of the long. reinf. (𝑙 ); 
iv) the design lap length of the long. reinf. (𝑙 ); 
v) bond stress for transferring the pre-stress for pre-tensioned tendons (𝑓 ); 
vi) basic value of the transmitting length (𝑙 ); 
vii) anchorage of tendons at the ULS (𝑓 ); 
viii)  total anchorage length for anchoring a tendon with stress 𝜎  (𝑙 ); 

These parameters are determined with the following equations : 

 𝑓 = 2.5𝜂 𝜂 𝑓 = 𝜂 𝜂 .   [EC2 Eq.8.2] (4.36) 

 𝑙 , = (𝜙 4⁄ )(𝜎 𝑓⁄ ) [EC2 Eq.8.3] (4.37) 

 𝑙 = 𝛼 𝛼 𝛼 𝛼 𝛼 𝑙 , ≥ 𝑙 ,  [EC2 Eq.8.4] (4.38) 

 𝑙 = 𝛼 𝛼 𝛼 𝛼 𝛼 𝑙 , ≥ 𝑙 ,  [EC2 Eq.8.10] (4.39) 

 𝑓 = 𝜂 𝜂 𝑓 (𝑡) = 𝜂 𝜂 . ( ) [EC2 Eq.8.15] (4.40) 

 𝑙 = 𝛼 𝛼 𝜙𝜎 𝑓⁄  [EC2 Eq.8.16] (4.41) 

 𝑓 = 𝜂 𝜂 𝑓 = 𝜂 𝜂 .  [EC2 Eq.8.20] (4.42) 

 𝑙 = 𝑙 𝛼 𝜙 𝜎 − 𝜎 𝑓  [EC2 Eq.8.21] (4.43) 
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As it can be seen, these values are all affected to the partial safety factor for concrete (tension). 
The values of 𝛾  shown in Subsection 4.6.3 (p. 54) lead, under the persistent and transient design 
situations, to differences only for Denmark that uses higher values of this parameter (1.70 for in-situ 
structures and 1.60 for pre-fabricated structures). This causes values of 𝑓 , 𝑓  and 𝑓  between 
−11.8  % (in situ structures) and −6.3  % (prefabricated structures) smaller than the recommended 
ones with the consequence that 𝑙 , , 𝑙 , 𝑙 , 𝑙  and 𝑙  are from 6.7 % up to 13.4 % bigger. 

 
4.6.9 Section 9 –  Detailing of Members and 

Particular Rules 

 9.2.1.1(1) Minimum reinforcement area of longitudinal reinforcement for beam: 

   𝐴 , = 0.26 𝑏 𝑑 ≥ 0.0013𝑏 𝑑 [EC2 Eq.9.1N] (4.44) 

Where: 
𝑏  denotes the mean width of the tension zone; for a T-beam with the flange in compression, only 

the width of the web is taken into account in calculating the value of 𝑏 . 

– DK: the recommended value should be used with the addition that deep beams should be 
provided with evenly distributed reinforcement along the side of the beam web and parallel to 
the beam axis. The ratio of reinforcement should be at least equal to that for shear 
reinforcement, cf. 9.2.2(5); 

– FR: use the recommended values except for post-tensioned elements for which 𝐴 ,  is given 
by the clause 7.3.2; 

– DE: Eq.9.1N does not apply, 𝐴 ,  has to be determined as the reinforcement needed to 
withstand the cracking bending moment (the cracking moment is the bending moment that 
gives 𝑓  at the lower face of the beam). In this calculation the steel stress has to be assumed 
equal to 𝑓 .  
For the 𝐴 ,  can be taken one third of the prestressing reinforcement area when there are 
more than one tendon. Moreover only tendons that lie at a distance from the normal 
reinforcement that is not more than the lesser of 0.2ℎ of 500 mm have to be taken into account. 
The stress in the tendons is limited to 𝑓 .  
Minimum reinforcement has to be evenly distributed in the cross section of the beam.  
On the internal support of multi-span beams, the bottom minimum reinforcement has to be 
placed over the entire length of the beam. The upper reinforcement shall be placed on at least 
one fourth of the span. 
The anchorage length shall be determined for the minimum reinforcement.  
In the overlaps, the minimum reinforcement shall be determined using the full tension for both 
bars that overlap.  

All countries except Germany follow the recommended formula, DK and FR give further details. 
Nevertheless, as seen in Subsection 4.6.3 of this thesis, countries have different domain of the steel 
yield strength. Using the maximum yield strength for each country (and staying within the Eurocode 
limitation), the following differences of A , b d⁄  arise: 
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Table 4.80. Differences of the minimum reinforcement area of longitudinal reinforcement for beams. The 
values of the range signed	  with	  ‘	  represent	  the	  differences	  obtained	  for	  concrete	  strength	  class	  C90/105,	  the	  range	  
limit without sign represents differences when concrete class C12/15 is used. 

   𝒇𝐲𝐤 𝒎𝒂𝒙
   ∆(𝑨𝐬,𝐦𝐢𝐧 𝒃𝐭𝒅)%⁄  

r.v., DK, FI, SE 
and UK 600 MPa 0.0  % 

FR and SE 500 MPa 0.0 ÷ 20.0′  % 

IT 450 MPa 0.0 ÷ 33.3′  % 

 

 
Graph 4.1.   ∆(𝐴 , 𝑏 𝑑)⁄  trend with variable concrete characteristic strength. 

 9.2.1.1(3) Maximum reinforcement area of longitudinal reinforcement for beam: 

𝐴 , = 0.04𝐴   

– FI and SE: 𝐴 ,  is unlimited; 
– FR: use the recommended value; however, if the casting capacity is checked, the limit can be 

increased up to 0.05𝐴 ; 
– DE: 𝐴 , = 0.08𝐴 , this limit also applies in the overlaps zones. 

 9.2.1.2(1) Factor for determining the bending moments arising from partial fixity at the section at 
supports: 

𝛽 = 0.15  

– DE and UK: 𝛽 = 0.25. 
DE and UK have a value of 𝛽  that is 66.7 % greater than the recommended one, leading to a 

bigger moment at the support and thus a larger quantity of required reinforcement of the same 
quantity. 
 9.2.1.4(1) Factor for determining the bottom reinforcement for sections at supports: 

𝛽 = 0.25  

– FR: 𝛽 = 0.0 verifying the anchoring strength at support using the following formula: 
𝐹 = 𝑉 𝑎 𝑧⁄ + 𝑁 +𝑀 𝑧⁄  where a is the inclination of the butt strut. 

The French way of operating is completely different from the recommended one because it 
determines the tensile force that the bottom reinforcement has to withstand. 
 9.2.2(4) Factor for determining the quantity of shear reinforcement that has to be in form of links: 

𝛽 = 0.5  
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20%
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– SE: if the shear reinforcement is designed as close stirrups, use 𝛽 = 0.0, in other cases use the 
r.v. 

 9.2.2(5) Minimum ratio of the shear reinforcement: 

𝜌 , = .     (𝑓  and 𝑓  in MPa) 

– DK: 𝜌 , = .   

– FR: use the recommended values. The minimum reinforcement should not be applied to 
elements defined in 6.2.1(4). 𝜌 , = 0 for the prefabricated elements that are controlled by a 
third part and that are subjected to distributed loads of moderate intensity and that their 
failure do not cause a chain failure of the structure; 

– DE:  
in general: 𝜌 , = 0.16   

for composite sections with pre-stress: 𝜌 , = 0.256  ; 

– SE: use the recommended value. The Swedish NA gives additional specifications for bridges 
that are not reported here. 

 
The upper part of the fraction gives the following differences: 

Table 4.81. Differences of 𝜌 ,  for beams due to only the upper part of the fraction i.e. not taking into 
account	  the	  yield	  strength.	  The	  values	  of	  the	  range	  signed	  with	  ‘	  represent	  the	  differences	  for	  concrete	  strength	  class	  
C90/105, the other range limit is obtained for C12/15. 

 Upper part of 
the fraction ∆𝝆𝐰,𝐦𝐢𝐧 

r.v., FI, FR, IT, SE and UK 0.08 𝑓  0.0  % 

DK 0.063 𝑓  −21.3  % 

DE (general cases) 0.16𝑓  −9.2 ÷ +6.4′  % 
DE (for composite 
sections with pre-stress) 0.256𝑓  45.3 ÷ 70. 2 % 

 
Taking into account also the maximum yield strength, more countries present a different value:   

Table 4.82. Differences of 𝜌 ,  for beams due to the upper part of the fraction and the maximum yield 
strength. The values of the range signed with ‘	   represent	   the	  differences	   for	   concrete	   strength	  class	  C90/105,	   the	  
range	  limit	  without	  ‘	  represent	  the	  difference	  for	  concrete	  strength	  class	  	  C12/15. 

 Upper part of 
the fraction 

  𝒇𝐲𝐤 𝒎𝒂𝒙
 ∆𝝆𝐰,𝐦𝐢𝐧 

r.v., FI, SE and UK 0.08 𝑓  600 MPa 0.0  % 

DK 0.063 𝑓  600 MPa −21.3  % 

FR r.v. 500 MPa 20.0  % 

IT r.v. 450 MPa 33.3  % 

DE (general cases) 0.16𝑓  500 MPa 8.9 ÷ 27.6′  % 
DE (for composite 
sections with pre-stress) 0.256𝑓  500 MPa 74.3 ÷ 104.2′  % 

 
 9.2.2(6) Maximum longitudinal spacing between shear assemblies: 

𝑠 , = 0.75𝑑(1 + 𝑐𝑜𝑡𝛼)  
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– FR: use the recommended value except for beams with depth ℎ ≤ 250  mm for which 
𝑠 , = 0.9𝑑;  

– DE: use the following table: 

 𝒔𝐥,𝐦𝐚𝐱 

1 2 3 

Shear force a 
Concrete strength class 

≤	  C50/60 >C50/60 

1 𝑽𝐄𝐝 ≤ 𝟎. 𝟑𝑽𝐑𝐝,𝐦𝐚𝐱 0.7ℎ  or 300  mm 0.7ℎ or 200  mm 

2 𝟎. 𝟑𝑽𝐑𝐝,𝐦𝐚𝐱 < 𝑽𝐄𝐝 ≤ 𝟎. 𝟑𝑽𝐑𝐝,𝐦𝐚𝐱 0.5ℎ or 300  mm 0.5ℎ or 200  mm 

3 𝑽𝐄𝐝 > 𝟎. 𝟔𝑽𝐑𝐝,𝐦𝐚𝐱 0.25ℎ or 200  𝑚𝑚 
a) 𝑉 ,  must be determined using θ	  = 40° (cotθ	  = 1.2) 
b) for beams with h < 200  𝑚𝑚 and 𝑉 ≤ 𝑉 ,  the shear assemblies should be spaced of at 
least 150 mm. 

 
The comparison of this parameter has been done excluding Germany because of its different 

method of determining 𝑠 ,  that takes into account more parameters. The comparison between the 
maximum longitudinal spacing between shear assemblies divided by the effective depth (𝑠 , 𝑑⁄ ) is 
reported below: 

Table 4.83. Differences of 𝑠𝑙,𝑚𝑎𝑥 𝑑⁄  for	  different	  values	  of	  α	  (45°	  ÷	  90°).(a the value of the range is related to 
α=45°,	  the	  other	  range	  limit	  is	  obtained	  for α	  =	  90°,	  between	  the	  two	  extremes,	  the	  difference	  varies	  with	  almost	  a	  
linear relation.  

 ∆(𝒔𝐥,𝐦𝐚𝐱 𝒅)⁄  

r.v., DK, FI, IT, SE, UK 
and FR for h>250 mm 0.0  % 

FR for h<250 mm −66. 7 ÷ 16.7  % 

 
 9.2.2(7) Maximum longitudinal spacing of bent-up bars: 

𝑠 , = 0.6𝑑(1 + 𝑐𝑜𝑡𝛼)  

– DE: 𝑠 , = 0.5ℎ(1 + 𝑐𝑜𝑡𝛼);  
– SE: 𝑠 , = 0.75𝑑(1 + 𝑐𝑜𝑡𝛼). 

Sweden has a value that is 25	  %	  greater	  than	  the	  r.v.	  for	  any	  value	  of	  α.	  Germany	  uses,	  instead	  of	  
d, the real depth of the element that is obtained adding at the effective depth the concrete cover, the 
stirrup diameter and half of the longitudinal reinforcement diameter. The German value is equal to the 
recommended one for h = 1.2d, below this value 𝑠 ,  is lower than the recommended one. It is not 
possible to do the estimation of the differences because too many parameters are involved.  
 9.2.2(8) Maximum transverse spacing of the legs in a series of shear links: 

𝑠 , = 0.75𝑑 ≤ 600  mm  

– DE: use the following table instead of the r.v.: 
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 𝒔𝐭,𝐦𝐚𝐱 

1 2 3 

Shear force a 
Concrete strength class 

≤	  C50/60 >C50/60 

1 𝑽𝐄𝐝 ≤ 𝟎. 𝟑𝑽𝐑𝐝,𝐦𝐚𝐱 ℎ or 800  mm ℎ or 600  mm 

2 𝟎. 𝟑𝑽𝐑𝐝,𝐦𝐚𝐱 < 𝑽𝐄𝐝
≤ 𝑽𝐑𝐝,𝐦𝐚𝐱 ℎ or 600  mm ℎ or 400  mm 

a) 𝑉 ,  must be determined using θ	  = 40° (cotθ	  = 1.2) 

 
– IT: 𝑠 , = 0.75𝑑 ≤ 300  mm. 

This NDP is determined from different parameters in Germany. IT uses the recommended value 
with an upper limit that is half the recommended one. 
 9.3.1.1(3) Maximum spacing of flexural reinforcement bars in solid slabs 

Element 𝒔𝐦𝐚𝐱,𝐬𝐥𝐚𝐛𝐬 

Principal reinforcement 3ℎ ≤ 400  mm 

Secondary reinforcement 3.5ℎ ≤ 450  mm 

Principal reinforcement (for areas 
with concentrated loads or areas of 
maximum moment) 

2ℎ ≤ 250  mm 

Secondary reinforcement (for areas 
with concentrated loads or areas of 
maximum moment) 

3ℎ ≤ 400  mm 

 
– FI: 

Element 𝒔𝐦𝐚𝐱,𝐬𝐥𝐚𝐛𝐬 

Principal reinforcement 3ℎ ≤ 400  mm 

Secondary reinforcement 4ℎ ≤ 450  mm 

Principal reinforcement (for areas 
with concentrated loads or areas of 
maximum moment) 

2ℎ ≤ 250  mm 

Secondary reinforcement (for areas 
with concentrated loads or areas of 
maximum moment) 

3ℎ ≤ 400  mm 

 
– DE: use the following table: 

Element 𝒔𝐦𝐚𝐱,𝐬𝐥𝐚𝐛𝐬 

Principal reinforcement:  

Panel thickness ℎ ≥ 250  mm 250  mm 
Panel thickness 150  mm < ℎ <
250  mm Linear interpolation 

Panel thickness ℎ ≤ 150  mm 150  mm 
Transverse reinforcement or 
reinforcement in the direction of 
less stress: 

250  mm 

 
– IT: 
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Element 𝒔𝐦𝐚𝐱,𝐬𝐥𝐚𝐛𝐬 

Principal reinforcement 2ℎ ≤ 350  mm 

Secondary reinforcement 3ℎ ≤ 400  mm 

Principal reinforcement (for areas 
with concentrated loads or areas of 
maximum moment) 

2ℎ ≤ 250  mm 

 
– UK: use the recommended values except for post-tensioned slabs where reference may be 

made to specialist literature such as The Concrete	  Society’s	  handbook. 
The comparison is shown in the following table: 

Table 4.84. differences of 𝑠 ,  for	  different	  reinforcement	  uses.	  (values	  signed	  with	  ‘	  report	  the	  values	  for	  
the slabs depth (h) 100 mm, the other extreme of the ranges represents h=600 mm. 

Element r.v. FI DE IT 

Principal reinforcement 3ℎ ≤ 400  mm 
(0.0  %) 

3ℎ ≤ 400  mm 
(0.0  %) 

See table 
(−50.0′ ÷ −37.5  %) 

2ℎ ≤ 350  mm 
(−33.3′ ÷ −12.5  %) 

Secondary reinforcement 3.5ℎ ≤ 450  mm 
(0.0  %) 

4ℎ ≤ 450  mm 
(0.0   ÷ 14.3′  %) 

See table 
(−44.4 ÷ −28.6′  %) 

3ℎ ≤ 400  mm 
(−14.3′ ÷ −11.1  %) 

Principal reinforcement (for 
areas with concentrated loads 
or areas of maximum moment) 

2ℎ ≤ 250  mm 
(0.0  %) 

2ℎ ≤ 250  mm 
(0.0  %) 

250  𝑚𝑚 
(−25.0′ ÷ 0.0  %) 

2ℎ ≤ 250  mm 
(0.0  %) 

Secondary reinforcement (for 
areas with concentrated loads 
or areas of maximum moment) 

3ℎ ≤ 400  mm 
(0.0  %) 

3ℎ ≤ 400  mm 
(0.0  %) 

See table 
(−37.5 ÷ −16.7′  %) 

3ℎ ≤ 400  mm 
(0.0  %) 

 
 9.5.2(1) Minimum diameter for reinforcement bars in columns: 

𝜙 = 8  mm  

– DE, IT and UK: 𝜙 = 12  mm. 
The minimum diameter adopted by DE, IT and UK is 50 % greater than the recommended one 

leading to an area of the smallest bar that is 125 % greater. 
 9.5.2(2) Minimum longitudinal reinforcement area in columns: 

𝐴 , = max . ; 0.002𝐴   

– DE: 𝐴 , = . | | ; 

– IT: 𝐴 , = max . ; 0.003𝐴   

– SE: 𝐴 , = 0.002𝐴 ; 
The minimum longitudinal reinforcement area in columns depends, for the majority of the 

countries, upon the design yield strength that, on its turn, depends upon the partial safety factor for 
steel and the maximum characteristic yield strength.  

The table below summarises the differences with the maximum yield strength and those with 
the yield strength equal to 500 MPa (450 MPa for IT). The results are referred to ,  for different 

values of  that varies from 0 to 180 MPa. This range cover all the cases that fall within 𝑛 = =

0 ÷ 2 and 𝑓 = 12 ÷ 90  MPa. In fact, = 𝑛𝑓 = (0 ÷ 2  ) ∙ (12 ÷ 90) = 0 ÷ 180  MPa. 



 

120 

Table 4.85. Differences in the minimum reinforcement area of columns related to the maximum yield strength 
and yield strength equal to 500 MPa. The values	  of	   the	   ranges	  signed	  with	   ‘	  are	  related	   to	   = 180, the values 

without sign are related to = 0. 

 𝒇𝐲𝐝 𝐦𝐚𝐱
 

𝑨𝐬,𝐦𝐢𝐧

𝑨𝐜
 𝒇𝐲𝐝 = 𝟓𝟎𝟎  𝐌𝐏𝐚 

(450 MPa for IT) 
𝑨𝐬,𝐦𝐢𝐧

𝑨𝐜
 

r.v., FI 
and UK 

600
1.15 = 521.7 

max
0.10
521.7

𝑁
𝐴 ; 0.002  

(0.0  %) 

500
1.15 = 434.8 

max
0.10
434.8

𝑁
𝐴 ; 0.002  

(0.0  %) 

DK 600
1.20 = 500.0 

max
0.10
500.0

𝑁
𝐴 ; 0.002  

(0.0 ÷ 4.3′  %) 

500
1.20 = 416.7 

max
0.10
416.7

𝑁
𝐴 ; 0.002  

(0.0 ÷ 4.3′  %) 

FR 500
1.15 = 434.8 

max
0.10
434.8

𝑁
𝐴 ; 0.002  

(0.0   ÷ 20.0 %) 

500
1.15 = 434.8 

max
0.10
434.8

𝑁
𝐴 ; 0.002  

(0.0  %) 

DE 500
1.15 = 434.8 

0.15
434.8

𝑁
𝐴  

(−100.0 ÷ 80.0′  %) 

500
1.15 = 434.8 

0.15
434.8

𝑁
𝐴  

(−100.0 ÷ 50.0′  %) 

IT 450
1.15 = 391.3 

max
0.10
391.3

𝑁
𝐴 ; 0.003  

(33.3′ ÷ 50.0  %) 

450
1.15 = 391.3 

max
0.10
391.3

𝑁
𝐴 ; 0.003  

(11.1′ ÷ 50.0  %) 

SE 600
1.15 = 521.7 

0.002 
(−94.2′ ÷ 0.0  %) 

500
1.15 = 434.8 

0.002 
(−95.2′ ÷ 0.0  %) 
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a) Minimum reinforcement area in column, trends for maximum yield strength 

  

b) Minimum reinforcement area in column, trends for yield strength equal to 500 MPa (450 MPa for IT). 

 
Figure 4.20. Minimum reinforcement area for column. 

During the analysis of these parameters it has to be kept in mind that there is a lower limit that 
is given in clause 9.5.2(3). In fact, the Eurocode states that for column having a polygonal cross section, 
at least one bar should be placed at each corner and at least 4 bars should be placed in the circular 
cross sections. This clause, together with clause 9.5.2(1) that gives the minimum diameter for columns, 
set up a lower limit for the longitudinal reinforcement of columns (see the discussion above for the 
differences). 
 9.5.2(3) Maximum longitudinal reinforcement area in columns: 

𝐴 , = 0.04𝐴  outside lap locations and 𝐴 , = 0.08𝐴  at laps. 

– FI: 𝐴 , = 0.06𝐴  outside lap locations and 𝐴 , = 0.12𝐴  at laps. 
– DE: 𝐴 , = 0.09𝐴  in the area of overlaps; 
– SE: 𝐴 ,  is not limited; 
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– UK: use the recommended value. The designer should consider the practical upper limit taking 
into account the ability to place the concrete around the rebar. The issue is considered further 
in PD 6687. 

The comparison gives the following results: FI has the upper limit of the reinforcement area that 
is 50 % greater than the recommended one, while for DE, in the overlaps zones, is 13 % greater. For 
Sweden, that has an infinite upper limit, is not possible to carry out a general comparison. 
 9.5.3(3) Maximum spacing of transverse reinforcement along the column: 

𝑠 , = min
20  times  minimum  diameter  of  the  long. bars;
the  lesser  dimension  of  the  column;                                      
400  mm                                                                                                                                              

  

– DE:  

𝑠 , = min
12  times  minimum  diameter  of  the  long. bars;                                  
the  lesser  dimension  of  the  column;                                                                        
300  mm                                                                                                                                                                                  

    

– IT:  

𝑠 , = min
12  times  minimum  diameter  of  the  long. bars;                                  
the  lesser  dimension  of  the  column;                                                                          
250  mm                                                                                                                                                                                  

    

For this parameter, DE has values that are between -40 % and -25 % smaller than those 
recommended,	  while	  Italy’s	  values	  lie	  between	  -40 % and -38 %. These two countries have therefore 
more transverse reinforcement. 
 9.6.2(1) Minimum and maximum longitudinal reinforcement area in walls: 

𝐴 , = 0.002𝐴   
𝐴 , = 0.04𝐴  outside lap locations and 𝐴 , = 0.08𝐴  at laps. 

– FI: 𝐴 , = 0.06𝐴 ; 
– FR: use the recommended value except for building for which the following values have to be 

used:  
𝐴 , = 0.0  if 𝑁 ≤ 𝑁 ,  
𝐴 , = 0.001𝐴 1 + 2 𝑁 − 𝑁 , 𝑁 , − 𝑁 ,   if 𝑁 > 𝑁 ,  
Where: 
𝑁   is the axial force acting on the wall; 
𝑁 ,   is the axial resistance determined according to Section 6; 
𝑁 ,   is the axial resistance determined according to Section 12. 

– DE: for 𝐴 ,  use the following equation. 
general cases:  𝐴 , = . | | ≥ 0.0015𝐴 ; 

thin walls 𝜆 ≥ 𝜆  (see 5.8.3.1) or with |𝑁 | ≥ 0.3𝑓 𝐴 :  
  𝐴 , = 0.003𝐴 ; 

𝐴 , = 0.04𝐴  (this value should be doubled in impact area). 
The reinforcement ratio should be at both sides of the wall generally equal. 

– IT: 𝐴 , = 0.004𝐴 ; 
– SE:   𝐴 ,  is not limited (100 % would be a theoretical limit). 

IT has the double minimum reinforcement, while Germany and France use different methods for 
determining this quantity not allowing a general comparison with the other states. 

The maximum reinforcement is 50 % greater for FI and cannot be compared for SE. It is obvious 
that the maximum area of reinforcement for Sweden is limited by other aspects like the space between 
bars, the possibility to place the reinforcement and the theoretical limit written above. 
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 9.6.3(1) Minimum horizontal reinforcement running parallel to the faces of the wall: 

𝐴 , = max{25  %  of  the  vertical  reinforcement;   0.001𝐴 }  

– FR: use the recommended value except for building for which the following values has to be 
sued:  

𝐴 , = 0.0  if 𝑁 ≤ 𝑁 ,  
𝐴 , = rec. value  if 𝑁 > 𝑁 ,  
Where symbols meaning is defined in the previous point; 

– DE: for 𝐴 ,  use the following equation. 
general cases:  𝐴 , = 0.20𝐴 , ; 
thin walls 𝜆 ≥ 𝜆  (see 5.8.3.1) or with |𝑁 | ≥ 0.3𝑓 𝐴 :   
 𝐴 , = 0.50𝐴 , ; 

the diameter of the horizontal reinforcement should be at least 25  % of the diameter of the 
vertical one. 

– UK: use the recommended values. Where crack control is important early age thermal and 
shrinkage effects should be considered explicitly. 

 9.7(1) Minimum area of the reinforcement mesh for deep beams: 

𝐴 , = 0.001𝐴  but not less than 150  mm m⁄  in each face and each direction. 

– FI: deep beams should normally be provided with orthogonal reinforcement mesh near each 
face, with a minimum of 𝐴 , = 0.0005𝐴  but not less than 150  mm m⁄  in each face and 
each direction. 

– FR: use the recommended values, nevertheless, under checking of internal stresses, constraints 
and reinforcement with the proper strut-and-tie model, 𝐴 , = 0 can be adopted; 

– DE: 𝐴 , = 0.00075𝐴 ≥ 150  mm m⁄  ; 
– UK: 𝐴 , = 0.002𝐴  in each face. 

For this parameter, FI and DE adopt a smaller value than the recommended one of respectively -
50 % and -25 %.  

Sweden has a value that is twice the recommended one (100 % greater). 
 9.8.1(3) Minimum diameter for reinforcement bars in piles: 

𝜙 = 8  mm  

– IT: 𝜙 = 12  mm; 
The Italian minimum diameter being 50 % greater than other countries leads to minimum bar 

cross-section area 125 % larger. 
 9.8.2.1(1) Minimum diameter for reinforcement bars in column and wall footings: 

𝜙 = 8  mm  

– DE: 𝜙 = 6  mm for reinforced concrete, 𝜙 = 10  mm for pre-stressed concrete; 
– IT: 𝜙 = 12  mm. 

For IT see the consideration of the previous point, for DE the minimum diameter are 
respectively -25 % and 25 % the recommended value (cross-section areas are -43.7 % and +56.1 %). 
 9.8.3(1) Minimum diameter for reinforcement bars in tie beams: 

𝜙 = 8  mm  

– DE: 𝜙 = 6  mm for reinforced concrete, 𝜙 = 10  mm for pre-stressed concrete; 
– IT: 𝜙 = 12  mm; 

 9.8.3(2) Minimum downwards load for tie beams: 

𝑞 = 10  kN/m  
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– DK: 𝑞  should be determined in consideration of the compaction equipment; 
– UK. To be determined for each individual project. 

 9.8.4(1) Maximum ground pressure for avoiding transverse reinforcement in column footing on 
rock: 

𝑞 = 5  MPa  
Minimum diameter for reinforcement bars in column footing on rock: 
𝜙 = 8  mm  

– FI: 𝑞 = 3  MPa; 
– DE: 𝜙 = 6  mm for reinforced concrete, 𝜙 = 10  mm for pre-stressed concrete; 
– SE: 𝑞  should be set to the basic pressure at the current geometry that causes spalling of the 

concrete. 
Finland required transverse reinforcement for a value of the ground pressure that is -40 % the 

recommended ones.  
 9.8.5(3) Minimum longitudinal reinforcement area for bored piles: 

Piles cross section 𝑨𝐜 
Minimum area of 

longitudinal 
reinforcement (𝑨𝐒,𝐛𝐩𝐦𝐢𝐧) 

 𝑨𝐜 ≤ 𝟎. 𝟓  𝐦𝟐 𝐴 , > 0.005𝐴  

 𝟎. 𝟓  𝐦𝟐 > 𝑨𝐜 ≤ 𝟏. 𝟎  𝐦𝟐 𝐴 , ≥ 25  cm  

 𝑨𝐜 > 𝟏. 𝟎  𝐦𝟐 𝐴 , > 0.025𝐴  

 
– FR: This limit is defined by the norm FR EN 1536. 

No differences are reported for this parameter except for FR that uses another norm. 
9.10.2.2(2) Loads for determining the tensile force that should be beard by the peripheral ties  
– DK: 𝑞   should  be  at  least  15  kN/m for normal consequences class and 30  kN/m for high 

consequences class. The tensile force given by equation 9.15 of the Eurocode (𝐹 , ) should 
at least be taken as a characteristic value of 40  kN for normal consequences class and 80  kN for 
high consequences class. 

– UK: 𝑞 = (20 + 4𝑛 )  kN/m where 𝑛  is the number of storeys, 𝑄 = 60  kN. 
 9.10.2.3(3) Tensile force for designing the internal ties (see Table 4.86 with the following 

additional information): 
– DK: 𝐹 ,  should at least be taken as a characteristic value of 15  kN/m for normal 

consequences class and 30  kN/m for high consequences class; 
– FI: 𝐹 ,  greater than 150  kN is not to be used unless resulting from the loading; 
– UK: 𝐹 , = [(𝑔 + 𝑞 ) 7.5⁄ ](𝑙 5⁄ )𝐹 ≥ 𝐹   kN/m where: 

(𝑔 + 𝑞 ) is the sum of the average permanent and variable floor loads (kN/m ; 
𝑙  is the greater of the distance (in m) between the centres of the columns, frames or walls 

supporting any two adjacent floor spans in the direction of the tie under 
consideration; 

𝐹 = (20 + 4𝑛 )   ≤ 60  
The maximum spacing of transverse ties is 1.5𝑙 . 

 9.10.2.3(4) Loads for designing the internal ties in floors (see Table 4.86 with the following 
additional information): 
– DK: 𝑞  should at least be taken as a characteristic value of 15  kN/m for normal consequences 

class and 30  kN/m for high consequences class.  𝑄  should at least be taken as a characteristic 
value of 40  kN for normal consequences class and 80  kN for high consequences class. 

– UK: 𝐹 , = [(𝑔 + 𝑞 ) 7.5⁄ ](𝑙 5⁄ )𝐹 ≥ 𝐹   kN/m where: 
(𝑔 + 𝑞 ) is the sum of the average permanent and variable floor loads in kN/m ; 
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𝑙  is the greater of the distance (in m) between the centres of the columns, frames or walls 
supporting any two adjacent floor spans in the direction of the tie under 
consideration; 

𝐹 = (20 + 4𝑛 )   ≤ 60  
The maximum spacing of transverse ties is 1.5𝑙 . 

 9.10.2.4(2) Tensile force required for horizontal ties in façade elements and in columns (see Table 
4.86 with the following additional information): 
– DK: 𝑓 ,  should at least be taken as a characteristic value of 15  kN/m for normal 

consequences class and 30  kN/m for high consequences class.  𝐹 ,  should at least be taken 
as a characteristic value of 80  kN for normal consequences class and 160  kN for high 
consequences class. 

– UK: 𝐹 , = 𝐹 , = the greater of 2𝐹 ≤ (𝑙 2.5⁄ )𝐹  and 3 % of the total design ultimate 
vertical load carried by the column or wall at that level. 𝐹 ,  in kN per metre run of wall. 
𝐹 ,  in kN per column.  
Tying of external walls is only required if the peripheral tie is not located within the wall. 
𝑙  is the floor to ceiling height in m.  
Additional information is given in PD 6687. 

The NDPs regarding tying systems (Subsection 9.10 of the Eurocode) are adopted equal to the 
recommended ones in FI, DE, IT and in part for Sweden. 

DK and the United Kingdom follow different policies giving, the former, different values in 
relation to the consequence class of the structure and the latter different values determined with 
different equations that take into account parameter that the recommendations do not take into 
account. 

Sweden does not limit 𝑄   and  𝑄 .  

Table 4.86. Comparison of the NDPs that take part in the design of Tying Systems. 

   𝒒𝟏   𝑸𝟐   𝑭𝐭𝐢𝐞,𝐢𝐧𝐭   𝒒𝟑   𝑸𝟒   𝒇𝐭𝐢𝐞,𝐟𝐚𝐜   𝑭𝐭𝐢𝐞,𝐜𝐨𝐥 

r.v., FI and IT 10  kN/m 
(0.0  %) 

70  kN 
(0.0  %) 

20  kN/m 
(0.0  %) 

20  kN/m 
(0.0  %) 

70  kN 
(0.0  %) 

20  kN/m 
(0.0  %) 

150  kN 
(0.0  %) 

DK 

Normal 
cons. 
class 

15  kN/m 
(+50.0  %) 

r. v. 
(0.0  %) 

15  kN/m 
(−25.0  %) 

15  kN/m 
(−25.0  %) 

40  kN 
(−42.9  %) 

15  kN/m 
(−25.0  %) 

80  kN 
(−46.7  %) 

High 
cons. 
class 

30  kN/m 
(+200.0  %) 

r. v. 
(0.0  %) 

30  kN/m 
(+50.0  %) 

30  kN/m 
(+50.0  %) 

80  kN 
(+14.3  %) 

30  kN/m 
(+50.0  %) 

160  kN 
(+6.7  %) 

FR 15  kN/m 
(+50.0  %) 

r. v. 
(0.0  %) 

15  kN/m 
(−25.0  %) 

15  kN/m 
(−25.0  %) 

r. v. 
(0.0  %) 

15  kN/m 
(−25.0  %) 

r. v. 
(0.0  %) 

DE r. v. 
(0.0  %) 

r. v. 
(0.0  %) 

r. v. 
(0.0  %) 

r. v. 
(0.0  %) 

r. v. 
(0.0  %) 

10  kN/m 
(−50.0  %) 

r. v. 
(0.0  %) 

SE r. v. 
(0.0  %) not  limited r. v. 

(0.0  %) 
r. v. 

(0.0  %) not  limited r. v. 
(0.0  %) 

r. v. 
(0.0  %) 

UK 

20
+ 4𝑛 )kN
/m 
𝑛 = 0 

(+100.0  %) 
𝑛 = 1 

(+140.0  %) 
… 

60  kN 
(−14.3  %) Determined in other ways 
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4.6.10 Section 10 –  Additional Rules for Precast 
Concrete Elements and Structures. 

The Section does not contain NDPs and any important formulas that are influenced directly by 
national parameters. For this reason, this section is not discussed in this Chapter. 

 

4.6.11 Section 11- Lightweight Aggregate Concrete 
Structures. 

 11.3.5(1) Coefficient for lightweight aggregate concrete (LWAC) taking account of long term effect 
on the compressive strength and of unfavourable effects resulting from the way that load is 
applied: 

Table 4.87. Adopted values and differences in the design strength (flcd) for LWAC due to only 𝛼  for the 
persistent and transient design situations. 

 𝜶𝐥𝐜𝐜 ∆𝒇𝒍𝒄𝒅 

r.v., FI, FR, IT and UK 0.85 0.0 % 

DK and SE 1.00 +17.6  % 

DE 0.75 ÷ 0.80 −  11.8 ÷ −5.9  % 

 
– DE: 𝛼 = 0.75 when using the parabola-rectangle diagram or the stress block, 𝛼 = 0.80 

when using the bi-linear stress and strain curve. 
 
Taking into account both parameters that are involved in the determination of the concrete 

design strength, the following discrepancies arise: 
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Table 4.88. Differences in the design strength (flcd) due to both 𝛼  and 𝛾  for the persistent & transient 
design situation and for the accidental design situations. 

 

  𝜶𝐥𝐜𝐜 𝛄𝐂 

(persistent and 
transient design 

situation) 

∆𝒇𝒍𝒄𝒅 

  𝜶𝐥𝐜𝐜 𝛄𝐂 

(accidental 
design situation) 

∆𝒇𝒍𝒄𝒅 

r.v., FR, FI and UK 0.85
1.50 = 0.567 0.0 % 0.85

1.20 = 0.708 0.0 % 

DK 1.00
1.45 = 0.690 + 21.7% 1.00

1.00 = 1.000 + 41.2% 

DE 

0.75
1.50 = 0.500 

 
0.80
1.50 = 0.533 

−  11.8  % 
 

−  6.0  % 

0.75
1.30 = 0.577 

 
0.80
1.30 = 0.615 

−  18.5  % 
 

−  13.1  % 

IT 0.85
1.50 = 0.567 0.0 % 0.85

1.00 = 0.850 +20.1  % 

SE 1.00
1.50 = 0.667 + 17.6% 1.00

1.20 = 0.833 + 17.7 % 

 
 11.3.5(2) Coefficient for LWAC taking account of long term effect on the tensile strength and of 

unfavourable effects resulting from the way that load is applied: 

Table 4.89. Adopted values and differences in the design strength (fltcd) for LWAC due to only 𝛼  for the 
persistent and transient design situations. 

 𝜶𝐥𝐜𝐜 ∆𝒇𝒍𝒄𝒅 

r.v., FI, FR, IT and UK 0.85 0.0 % 

DK and SE 1.00 +17.6  % 

 
Taking into account also the partial safety factor, the following differences arise: 

Table 4.90. Differences in the design tensile strength (flctd) of LWAC due to both 𝛼  and 𝛾  for two ULS 
design situations. 

 

  𝜶𝐥𝐜𝐭 𝛄𝐂 

(persistent and 
transient design 

situation) 

∆𝒇𝒍𝒄𝒕𝒅 
  𝜶𝐥𝐜𝐭 𝛄𝐂 

∆𝒇𝒍𝒄𝒕𝒅 
(accidental 

design 
situation) 

r.v., FR, FI and 
UK 

0.85
1.50 = 0.567 0.0 % 0.85

1.20 = 0.708 0.0 % 

DK 1.00
1.70 = 0.588 +3.7 % 1.00

1.00 = 1.000 + 41.2% 

DE 0.85
1.50 = 0.567 0.0 % 0.85

1.30 = 0.654 -7.6 % 

IT 0.85
1.50 = 0.567 0.0 % 0.85

1.00 = 0.850 +20.1  % 

SE 1.00
1.50 = 0.567 +17.6 % 1.00

1.20 = 0.833 + 17.7 % 

 

 11.3.7(1) Factor for increasing characteristic strength of confined concrete: 
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𝑘 = 1.1 for LWAC with sand as fine aggregate and 𝑘 = 1.0 for lightweight aggregate (both fine 
and coarse aggregate) concrete. 

All the seven investigated countries follow the recommended value. 
 11.6.1(1) Coefficients for punching shear resistance for elements without shear reinforcement: 

Table 4.91. NDPs that affect the shear capacity of elements without shear reinforcement made out of LWAC. 

 𝑪𝐑,𝐝𝐜 𝝂𝐦𝐢𝐧 𝒌𝟏 

r.v., FI, 
IT and 
SE 

0.15
1.50 = 0.100 

(0  %) 
0.028𝑘 𝑓  

(0  %) 
0.15 
(0  %) 

DK 

0.15
1.40 = 0.107 
(+7.0  %) 

0.15
1.70 = 0.088 
(−12.0  %) 

0.03𝑘 𝑓  
(−39.9 ÷ −14.8  %) 

r.v. 
(0  %) 

DE r.v. 
(0  %) 

0.035𝑘 𝑓     d ≤ 600  mm 
(+25.0  %) 

0.025𝑘 𝑓     d > 800mm 
(−10.7  %) 

0.12 
(−20.0  %) 

FR and 
UK 

r.v. 
(0  %) 

0.030𝑘 𝑓  
(+7.1  %) 

r.v. 
(0  %) 

 
– DE: 𝑣 ,  according with 6.2.2(1) but substituting 𝑓   with  𝑓 ; 𝑘 = 0.12. 

 
For beams without shear reinforcement, the shear capacity is determined using equations 6.2.a 

and 6.2.b of the EC2. The differences of the shear capacity for element without shear reinforcement are 
reported below: 

Table 4.92. Differences in shear capacity for elements without shear reinforcement made of LWAC. The 
differences in the last column cover all the cases (pre-stressed and non-prestressed), the first column report the 
differences only for non-prestressed elements. 

 I term of Eq. 6.2.a II term of Eq. 6.2.a Total 

r.v., FI, FR IT, 
SE and UK 0  % 0  % 0  % 

DK −12.0 ÷ +7.0    % 0  % −12.0 ÷ +7.0    % 

DE 0.0  % −20.0  %   −20.0 ÷ 0.0      % 

 
The same considerations that had been done for Section 6 (ULS) are valid here.  
Regarding the value of the minimum 𝑉 , , (Eq.6.2b of the EC2), DK has a 𝜈  that ranges 

between -39.9 % and -14.8 %, FR and UK have a 7.1 % bigger value while DE has the first factor of the 
equation that determine 𝜈  that changes with the effective depth while the EC2 recommend the 
same equation for all kind of elements. The equation depends on the effective depth throughout   𝑘.  
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Figure 4.21. . Value for the factor that multiply 𝑓  in equation for calculating 𝜈  for different countries. 

 

 11.6.2(1) Reduction factor for the crushing resistance of concrete struts: 

𝜈 = 0.5𝜂 1 −  where 𝜂 = 0.4 + 0.6 ; 

– DK: 𝜈 = 𝜈𝜂  and 𝜈 conform to the additional information provided in 5.6.1(3)P that gives: 

𝜐 = 𝜐 = 0.7 −             

– DE: 
General for shear force: 

𝜈 = 0.675𝜂  in Eq. 6.5 of the EC2 
𝜈 = 0.75𝜂  in Eq. 6.9 of the EC2 

General for torsion: 
𝜈 = 0.525𝜂   

For shear in the shear connections: 
𝜈 = 0.0 very smooth joints 
𝜈 = 0.20𝜂  smooth joints 
𝜈 = 0.50𝜂  rough joints 
𝜈 = 0.70𝜂  gap-toothed joints 

For concrete class greater than LC55/60, 𝜈  must be multiplied by 𝜈 = 1.1 − ; 
The values of 𝜈  give the following differences: 

Table 4.93. Differences of 𝜈  for	   different	   countries.	   Values	   of	   the	   ranges	   signed	   with	   ‘	   report	   the	   values	  
related to 𝑓 = 12  𝑀𝑃𝑎; the other range extreme is related to 𝑓 = 80  𝑀𝑃𝑎. 

 ∆𝝂𝟏 

r.v., FI, FR, IT, SE and UK 0.0  % 

DK −11.8 ÷ 34.5′  % 

DE (for Eq. 6.5 of the EC2) 41.8′ ÷ 86.6  % 

DE (for Eq. 6.9 of the EC2) 57.6′ ÷ 107.4  % 
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The same consequences discussed in Subsection 4.6.6 are valid changing the differences of these 
NDPs. 
 11.6.4.1(1) Factor for punching shear resistance of slabs or column bases with shear 

reinforcement: 

𝑘 = 0.08. 

– DE: for determining 𝐶 ,  and 𝐶 ,  use clause 6.4.4(1); 
 11.6.4.2(2) Maximum punching shear capacity adjacent to the column: 

𝜈 , = 0.4𝜈𝑓  with 𝜈 = 𝜈 = 0.5𝜂 1 −  

This NDPs as been added to the Eurocode in the last corrigendum EN 1992-1-1:2004/AC that 
became effective on November 2010 (clause 113). For this reason, many country have still not updated 
their National Annex. 

 

4.6.12 Section 12 –  Plain and Lightly Reinforced 
Concrete Structures 

 12.3.1(1) Coefficients for plain concrete taking account of long term effect on the compressive and 
tensile strength and of unfavourable effects resulting from the way that load is applied. 

The differences of the coefficients α together with the partial safety factors give the following 
differences: 

Table 4.94. Differences in the design compressive strength (fcd,pl) and the design tensile strength (fctd,pl) for 
persistent and transient design situation. 

 𝜶𝐜𝐜,𝐩𝐥
𝜸𝐂

 ∆(𝒇𝐜𝐝,𝐩𝐥) 
𝜶𝐜𝐭,𝐩𝐥
𝜸𝐂

 ∆(𝒇𝐜𝐭𝐝,𝐩𝐥) 

r.v, FR and IT 0.80
1.50 = 0.533 0.0 % 0.80

1.50 = 0.533 0.0 % 

DK 1.00
1.60 = 0.625 +17.3 % 1.00

1.70 = 0.588 +10.3 % 

FI 0.68
1.50 = 0.453 -15.0 % 0.60

1.50 = 0.400 -25.0 % 

DE 0.70
1.50 = 0.467 -12.4 % 0.70

1.50 = 0.467 -12.4 % 

SE 1.00
1.50 = 0.667 +25.0 % 0.50

1.50 = 0.333 -37.5 % 

UK 0.60
1.50 = 0.400 -25.0 % 0.60

1.50 = 0.400 -25.0 % 
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Table 4.95. Differences in the design compressive strength (fcd,pl) and the design tensile strength (fctd,pl) for 
accidental design situation. 

 
𝜶𝐜𝐜,𝐩𝐥
𝜸𝐂

 ∆(𝒇𝐜𝐝,𝐩𝐥) 
𝜶𝐜𝐭,𝐩𝐥
𝜸𝐂

 ∆(𝒇𝐜𝐭𝐝,𝐩𝐥) 

r.v and FR 0.80
1.20 = 0.667 0.0 % 0.80

1.20 = 0.667 0.0 % 

DK 1.00
1.00 = 1.000 +49.9 % 1.00

1.00 = 1.000 +49.9 % 

FI 0.68
1.20 = 0.567 -15.0 % 0.60

1.20 = 0.540 -19.0 % 

DE 0.70
1.30 = 0.538 -19.3 % 0.70

1.30 = 0.538 -19.3 % 

IT 0.80
1.20 = 0.667 0.0 % 0.80

1.00 = 0.800 +19.9 % 

SE 1.00
1.20 = 0.833 +24.9 % 0.50

1.20 = 0.417 -37.5 % 

UK 0.60
1.20 = 0.500 -25.0 % 0.60

1.20 = 0.500 -25.0 % 

 
These values, changing the design strengths of concrete, take part in almost all the formula for 

the design of the plain concrete.  
 12.6.2(1) Factor for shear design of plain concrete sections: 

𝑘 = 1.5  

– DE : 𝑘 = ; 
The different value adopted in Germany is not comparable in a general way with the 

recommended one because of taking into account too many parameters. 
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4.6.13 Annexes  

This last part of the code containing Annexes needs an introductory summary of which Annexes 
are used in each country. In fact, except for Annex C that has a normative value, all the other Annexes 
are informative and countries can choose if using or not the Annex in their territory. 

Table 4.96. Situation of the Annexes in the different countries. (d.n.a.= does not apply; inf.= informative value; 
norm.= normative value). 

 Annex 

A B C D E F G H I J 
DK d.n.a. Inf. Norm. Inf. Inf. Inf. d.n.a. d.n.a. d.n.a. d.n.a. 

FI Inf. Inf. Norm. Inf. Inf. Inf. Inf. Inf. Inf. 
J.1, J.2 
d.n.a; 
J.3 Inf. 

FR Inf. Inf. Norm. Inf. Norm. Inf. Inf. Inf. Inf. Inf. 

DE Norm. Norm. Inf. Inf. Norm. d.n.a. d.n.a. Inf. d.n.a. 

Norm. 
(J.2, J.3 

are 
deleted) 

IT d.n.a. Inf. Norm. Inf. Inf. Inf. Inf. Inf. Inf. Inf. 

SE Inf. Inf. Norm. Inf. 

Inf. 
(d.n.a. 

for 
main 

applica-
tions) 

Inf. Inf. Inf. Inf. Inf. 

UK Inf. Inf. Norm. Inf. d.n.a. Inf. Inf. Inf. Inf. d.n.a. 
 

 A.2.1(1) Reduced partial safety factor for reinforcing steel (quality control): 

𝛾 , = 1.1  

– DE:  𝛾 , = 1.15;  
DE has a partial safety factor for steel, when the execution is subjected to a quality control 

system, that leads to a yield design strength -4.3 % smaller than the recommended one.  
 A.2.1(2) Reduced partial safety factor for concrete (quality control): 

𝛾 , = 1.4  

– FI:  𝛾 , = 1.35;  
– DE:  𝛾 , = 1.5;  

The reduced design concrete strength for concrete for FI and DE is respectively +3.7 % and -6.7 
% of the recommended one. 
 A.2.2(1) Reduced partial safety factors for reinforcing steel and concrete (reduced or measured 

geometrical data): 

𝛾 , = 1.05 and 𝛾 , = 1.45 

– DE:  𝛾 , = 1.15 and 𝛾 , = 1.5; 
These two NDPs gives German designs strengths for concrete and steel smaller than those 

recommended (-8.7 % for steel and -3.3 % for concrete). 
 A.2.2(2) Reduced partial safety factor for concrete (reduced or measured geometrical data): 
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𝛾 , = 1.35  

– DE:  𝛾 , = 1.5;  
The German design strength for concrete is -10 % smaller than the recommended value due to 

the higher value of the reduced partial safety factor. 
 A.2.3(1) Conversion factor for reducing the concrete partial safety factor of concrete: 

η = 0.85  

Reduced partial safety factor for concrete (assessment of concrete strength in finished structure): 

𝛾 , = 1.3  

– FI:  𝛾 , = 1.2;  
– DE: η = 1.0  and 𝛾 , = 1.5 for in situ structures; η = 0.9 and 𝛾 , = 1.35 for 

prefabricated structures; 
Germany allows reduction of the concrete strength only for prefabricated structures, while it is 

not permitted for cast in situ structures (η = 1.0). The lower limit of the reduced partial safety factor is 
lower than the recommended for FI and higher for DE. 
 C.1(1) Properties of reinforcement suitable for use with the Eurocode: 

β = 0.6  

All the countries use the recommended value. 
 C.1(3) Properties of reinforcement suitable for use with the Eurocode: 

𝑎(𝑓 ) = 10  MPa; 𝑎(𝑘) = 𝑎(𝜀 ) = 0  

With minimum values given by Table C.3N of the EC2: 
Performance 
characteristic Minimum value Maximum value 

𝒇𝐲𝐤 0.97   × minimum  𝐶  1.03   × maximum  𝐶  
𝒌 0.98   × minimum  𝐶  1.02   × maximum  𝐶  
𝜺𝐮𝐤 0.80   × minimum  𝐶  not  applicable 

 
– DE: follow the specifications given by the German norm DIN 488; 
– IT: use the values given by Table C.3N of the Italian NA: 

Performance 
characteristic Minimum value Maximum value 

𝒇𝐲𝐤 0.95   × minimum  𝐶  1.03   × maximum  𝐶  
𝒌 0.96   × minimum  𝐶  1.02   × maximum  𝐶  
𝜺𝐮𝐤 0.93   × minimum  𝐶  not  applicable 

 
– SE: use the values given by Table D-4 of the Swedish NA, for the minimum values at least 8 

samples are required: 
Performance 
characteristic Minimum value Maximum value 

𝒇𝐲𝐤 0.93   × minimum  𝐶  unlimited 
𝒌 0.98   × minimum  𝐶  unlimited 
𝜺𝐮𝐤 0.90   × minimum  𝐶  unlimited 

 
 E.1(2) Values of indicative strength classes for durability 

See Subsection 4.6.4 (p. 56). 
 J.1 (2) Minimum area of surface reinforcement : 
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𝐴 , = 0.01𝐴 ,  where 𝐴 ,  is the area of the tensile concrete external to the links (see 
Figure J.1 of EC2) 

– DE: 𝐴 , = 0.02𝐴 , ; 
Germany requires the double surface reinforcement than the value given by the Informative 

Annex. 
 J.2.2(2) strut inclination range for frame corners with closing moments: 

0.4 ≤ 𝑐𝑜𝑡𝜃 ≤ 1.0  

 J.3(2) and (3) Factors for Corbel design: 

𝑘 = 0.25  and  𝑘 = 0.5  

– SE: 𝑘 = 0.5 ; 

A general comparison of this NDP is carried out for different values of  giving higher values of 

closed vertical reinforcement in Corbels when  is greater than one. It could be said that, in general, 
SE requires more reinforcement for thin corbels and less for thick ones. Strange geometries of these 
elements could give different results. 
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Chapter 5  
 
Comparative	  Case	  Studies 

5.1 Introduction 

This Chapter presents a bunch of case studies regarding some simple elements for showing, 
throughout practical examples, the differences that arise during the real design procedure from one 
country to another. The case studies regard the design and verification of elements keeping into 
account all the NDPs that are involved in the process. 

In some cases, further calculations have been carried out for showing other differences not 
shown in the case study. 

For each case study the calculations are presented step by	   step	   for	   the	   recommended	  values’	  
scenario followed by a summary table that present for each of the seven countries the values of the 
most important variables for allowing the comparison in each step. For each country the calculations 
have been carried out using the NDPs and procedures given by the national annex. As stated in 
Chapter 4, for DK, FR and DE the recommended values of Eurocode 0 have been used, not having the 
National Annexes for these three countries. 

Most of the calculations have been done using a spread sheet application (Excel), this leads to 
some small differences that can be found between the report and the summary table that are due to 
the different level of approximation.  

During the case studies it is not mentioned where and which different values that have been 
used (NDPs), these information can easily be found in Chapter 4. 

This Chapter contains only the description and the consideration of the Case Studies, the 
detailed calculations can be found in Appendix B. 
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5.2 Case Study 1: Design and Verification 
of a Central Spine Beam 

Exercise description  
The exercise consists into designing a central spine beam that supports a one-way flat for an 

office space. The slab thickness is fixed and is equal to 200 mm, the slab has span of 6 m that is 
therefore the distance between two adjacent beams. The beam has two spans and it is supposed to be 
simply supported on 200  400 mm columns. The underside surface is exposed to airborne chlorides 
(XD1). The top surface is internal (XC1). The geometry of the slab and beam is showed in the figure 
below. 

The main points of the exercise are the determination of the maximum design bending moment 
and shear force, the design of the reinforcement and all its details. The case study has been developed 
following the exercised proposed by Betongföreningen (2010, p.A-2/A-32). 

 

 
 
 

 

 

Figure 5.1. View of half beam (left) and cross-section of the slab. [units in mm]. 

NDPs involved 
The case study takes into account the influences of Eurocode 0 and 1 since it determines the 

design loads from the characteristic ones. Moreover, many parameters of the Eurocode 2 influence the 
case study.  

Results  
The exercise gives interesting results not only for the final amount of material needed, but also 

for the intermediate steps of the design and verification procedures.  
The beam depth design based on the verification of the serviceability limit state of deflection 

gives higher section for FI. 
The characteristic loads, the reduction factors and the combination of actions gives different 

design loads that lead to design bending moment that varies between – 18 % and +41 %; the design 
shear force varies between – 20 % and + 10 %.  
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The durability of the beam requires different concrete strength classes going from C25/30 for 
FR to C40/50 for the U.K. increasing the cost of the material. Also the cover to reinforcement varies 
among countries. 

Going through the case study, it has to be kept in mind that the computations are influenced by 
all the previous parameter and choices that have been done. It is no longer possible to notice the 
differences caused by a single parameter. 

The required flexural reinforcement in the mid span section lies in a range that goes from -18 % 
for DE and + 12 % for IT.  For the middle support section, the differences are even higher (- 6% to + 68 
%) due to the influence of the redistribution as well as all the other parameters 

The shear resistance of the sections without shear reinforcement of all countries is higher than 
the recommended one and the shear reinforcement need to be placed, having the same type of 
stirrups, at distance that goes from 240 mm for UK to 330 mm for DK. 

It has been found that the anchorage length of the reinforcement differs of – 4 % up to +90 % 
from the r.v. while the overlap length lies in a range of – 30 to 0 % from the recommended scenario. 

The final cross section and reinforcement gives the following amount of material needed: 
 

  r.v. DK FI FR DE IT SE UK 

𝑾𝐬𝐭𝐞𝐞𝐥 kg 337 
0 % 

269 
-20 % 

317 
-6 % 

358 
-6 % 

331 
-2 % 

417 
+24 % 

333 
-1 % 

381 
+13 % 

𝑽𝒐𝒍𝐜𝐨𝐧𝐜𝐫𝐞𝐭𝐞 𝐦𝟑 11.88 
0.0 % 

11.89 
0.1 % 

12.53 
+5.5 % 

11.88 
0.0 % 

11.88 
0.0 % 

11.87 
-0.1 % 

11.88 
0.0 % 

11.88 
0.0 % 

 

5.3 Case Study 2: Design and Verification 
of the SLSs of a Beam 

Exercise description  
Design of a reinforced concrete beam with Serviceability Limit State verifications. The beam 

span is 10 m (see Figure 5.2) and the exposure class is XC2 for all countries. The materials used are 
concrete C25/30 that satisfies the minimum strength class requirement for all countries and steel 
B500C (except for IT B450C). The beam section is fixed to a width of 400 mm and height of 500 mm 
as well as the variable load that is equal to 4.5  kN m⁄ . The exercise has been done following the case 
studies proposed by Taliano (2010).  
 
 
 
 
 

   
Figure 5.2. Beam lateral view (beam is supposed simply supported) and cross-section with bending 

reinforcement 
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NDPs involved  
This case study takes into account the national parameter of Eurocode 0, 1 and 2 with the aim 

of showing the influences given by the Section 7 of the EC2 that concerns the SLSs. Nevertheless, 
parameters contained in the material and durability sections take part in the exercise beside many 
other parameters. 

Results  
The design values of the bending moment varies from -10 % to 0 % while the shear force lies 
between 0 % and + 10 %.  
It has been found that the bottom flexural reinforcement needed for satisfying both the ULS and SLS 
is always bigger that the r.v. reaching + 25 % for IT. 

The stresses in the concrete at the SLSs check are almost equal for all the seven countries, 
while their limits can change like the steel maximum stress under the characteristic load that gives 
differences of 25 % in positive and negative with respect to the r.v. 

The minimum reinforcement area is different (+ 11 %) for IT due to the different yield limits 
that, it has to be kept in mind, are an NDP. 

For limiting the crack width, it has been found with the simplified method that the space 
between bars varies a lot reaching + 50 % for UK and the average for all countries is closer to the 
UK’s	  values	  instead of the r.v.  

The crack width determined with the calculation proposed by the EC2 gives different crack 
width of around -36 % up to +9 %.  

The differences in the deflection are not worth of note being almost equal in all countries. 
The exercise proposed has shown little differences, for this reason, further calculations have 

been carried out with the intention of showing more differences in the SLSs. 
(i) The first case consists of the determination of the maximum variable load (𝑞 , ) that 

satisfies all the  limit states (ULSs and SLSs) with 400x500 mm cross section reinforced at the 
bottom with 5𝜙20 and at the top by 2𝜙20. For Italy has been kept into account an equivalent 
reinforcement determined by multiplying the normal reinforcement by the factor 500 450⁄  for 
keeping into account the lower limit of yield strength. It has been found that this maximum load 
varies between – 5 % for DE and + 8 % for IT. 

(ii) The second case, starting from the cross section and reinforcement of point (i), consists of 
the determination of the minimum cross section height that satisfies all the limit states having a 
variable load of 8.00 kN m⁄  (bigger than the previous point). The results that have been found show 
that the difference of the cross section height among countries is limited to 1 % that is negligible. 
The main aspect is that for some countries the shear reinforcement is required while for other is not 
meaning that the minimum shear reinforcement should be provided. This difference is therefore 
related to the ULSs and not to the SLSs. 

(iii) The third case consists of determining the amount of upper reinforcement that satisfies all 
the limit states having 10 kN m⁄  as variable load and bottom reinforcement of 7𝜙22 that is the 
maximum number of bars with this diameter that respects the minimum space between bars 
required by the EC2.  The amount of upper reinforcement varies between 0 and -20 %. 
 

Differences due to (i), (ii) and (iii) r.v. DK FI FR DE IT SE UK 

 

𝐪𝐤,𝐦𝐚𝐱 𝐤𝐍𝐦 6.88 
0.0 % 

6.71 
-2.5 7. % 

7.18 
+4.4 % 

6.35 
-7.7 % 

6.52 
-5.2 % 

7.42 
+7.8 % 

6.71 
-2.5 % 

6.88 
0.0 % 

𝐡𝐦𝐢𝐧 𝐦𝐦 522 
0.0 % 

516 
-1.1 5 

526 
+0.8 5 

522 
0.0 % 

526 
+0.8 % 

521 
- 0.2 % 

516 
-1.1 % 

522 
0.0 % 

Shear reinf  Not 
required 

Not 
required Required Not 

required Required Required Not 
required 

Not 
required 

𝐀′𝐬 𝐦𝐦𝟐 1571 
0.0 % 

1257 
-20.0 % 

1257 
-20.0 % 

1571 
0.0 % 

1257 
-20.0 % 

1571 
0.0 % 

1257 
-20.0 % 

1571 
0.0 % 
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5.4 Case Study 3: Design of an Isolated 
Column 

Exercise description  
Design of an isolated column with both the 

simplified methods: method based on the nominal 
stiffness (EC2-Cl.5.8.7) and method based on the nominal 
curvature (EC2.Cl.5.8.8).  The column cross-section is 
600x800mm and the column is supposed to be fixed at 
one end and free at the upper end (see Figure 5.5). The 
exposure class is assumed to be XD1. 

The characteristic values of the actions that act on 
the structure are fixed for all countries.  

The calculations that have been carried out consist 
firstly of a design for bending around one axis only and 
secondly about the biaxial bending. The first calculations 
cover the column design in the case of presence of the 
horizontal force or axial load eccentricity; the second part 
covers the design with both these actions. 

The case study has been developed following the 
exercise proposed to Betongföreningen (2010, p.E1-1/E1-
16). 
  

 

 
Figure 5.3. Column view and cross section 

[units are in millimetres]. 

NDPs involved  
The exercise does not take into account the national parameters contained in Eurocode 1 

starting from given characteristic values of the loads.  
All the NDPs contained in the EC2 have been kept into account, the aim of the exercise is to 

highlight the influence of NDPs contained in Section 5 of the EC2 as well as the NDPs of the material 
and durability properties. 

Results 
The results show that, having a lower variable load, the design load is rather even among 

countries having only a difference of 6 % for IT.  
The durability requirement imposes a minimum concrete strength class that varies between 

C25/30 for FR and C35/45 for DK. The cover to reinforcement has also a wide range of variation (- 
16 % to 0 %). 

The limit slenderness determined using the design assumption varies from -10 % for IT up to 
+ 72 % for DK as showed in Chapter Four; in any case, the second order effects has been kept into 
account. 

The reinforcement needed for a mono-axial bending varies changing the analysis method; in 
particular: 

- z axis with nominal stiffness method: 0 % for r.v. up to + 13 % for IT; 
- z axis with nominal curvature method: 0 % for r.v. up to + 22 % for IT; 
- y axis with nominal stiffness method: -7 % for UK up to + 11 % for IT; 
- y axis with nominal curvature method: - 3 % for SE up to + 12 % for IT. 
The biaxial bending requires reinforcement that in both methods lies between -3 % for SE and 

+13 % for IT. 
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5.5 Case Study 4: Punching Design 

Exercise description  
Design of the punching shear 

reinforcement in a flat slab of 
thickness 𝑡 = 300  mm with 400x300 
mm column. Bending reinforcement, 
cover to reinforcement, design 
punching force and concrete strength 
are fixed for all countries and are 
reported below. 

Design loads at the ULS: 
𝑁 = 1000  kN  
𝑀 = 230  kNm  
Geometric data: 
Column is 𝑐 × 𝑐 = 400 ×

300  mm, the bending moment is acting 
on the axis of maximum inertia. 

The slab is 300 mm thick, the 
cover to the reinforcement is 
𝑐 = 30  mm. The reinforcement for 
bending consists of bars 𝜙 = 20  mm 
every 150 mm in both directions. 

 
 

The effective depth is: 
𝑑 = 300 − 30 − = 260  mm and 𝑑 = 300 − 30 − 20 − = 240  mm. 

The effective depth of the slab is 𝑑 = = 250  mm 
 

NDPs involved  
A smaller number of NDPs than the previous one influences this case study, together with the 

next one, this is because many parts of the design are assumed equal over all the countries. In this 
punching design, the national parameters that take part are only those regarding material design 
properties and punching shear design. 

 

Results  
The maximum shear stress at the column perimeter (v , ) varies between – 17 % for SE 

and +9 % for DE while the punching resistance without shear reinforcement has a range of variation 
of -4 % up to +3 %.  

The number of perimeters of shear links required varies from 4 to 5 and the minimum 
diameter of the links varies from 8 to 10. The final design solutions gives these following differences 
of material need (see the Table below). 

Figure 5.4. Column and slab cross-sections in both 
directions; punching shear reinforcement for one quarter of 
the structure (the reinforcement is symmetric in both 
directions). 
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Material needed r.v. DK FI FR DE IT SE UK 

 
𝐖𝐬  𝐤𝐠 10 7 9 10 10 10 8 9 

 0.0% -28.0% -7.6% 0.0% 0.0% 0.0% -19.4% -7.6% 

𝐖𝐜 𝐦𝟑 𝐦𝟐⁄  0.300 0.300 0.330 0.300 0.300 0.300 0.340 0.330 
 0.0% 0.0% 10.0% 0.0% 0.0% 0.0% 13.3% 10.0% 

5.6 Case Study 5: Thick Short Corbel 

Exercise description 
The exercise aims to find the highest 

allowable load (𝐹 ) for a corbel with fixed 
dimensions and design the relative 
reinforcement. The dimension are fixed and 
defined in Figure 5.9, the cover to 
reinforcement is equal to 33 mm. Materials 
and cover to reinforcement are also fixed for 
all countries. The exercise has been done 
following the AICAP (2008, pp. 283-285). 

 
Figure 5.5. Lateral view and cross section [units in mm]. 

NDPs involved 
The exercise takes into account the 

NDPs of Sections 3 and 6 of the Eurocode that 
cover materials and ULSs, respectively. 

 
Results  

The most important results are the maximum load a corbel of these dimensions can bear. The 
results are reported in the following table: 

Maximum Force r.v. DK FI FR DE IT SE UK 

 𝐅𝐄𝐝 𝐤𝐍 869 1077 739 869 758 869 869 739 
  0.0% 23.9% -15.0% 0.0% -12.8% 0.0% 0.0% -15.0% 

 
These values of the maximum force are due to different value of the maximum concrete 

compression strength in nodes that varies between -15 % (for FI in CCC nodes) and +24 % (DK in CCT 
nodes). 
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The principal required reinforcement varies between – 18 % (DE) and + 37 % (DK), these 
differences have to be read keeping in mind that the load is different. Also the anchorage length is 
different as already showed in the first Case Study giving differences of 0 % to 49 % from the r.v.  
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Chapter 6  
 
Discussion	  of	  the	  Results 

6.1 How NDPs Influence the Construction 
World 

This last Chapter focuses on the discussion of the results that have been obtained from this 
work. It starts with an analysis of the results based on the efficiency of the structures for 
understanding how NDPs affect it. The next Subsection concerns the discussion of the results under 
the environmental point of view, a topic that is becoming more and more important over these last 
years. Finally, yet importantly is the discussion of the results from the economic point of view.  

The second Section of the Chapter presents, in a summary way, the most important differences 
that	  have	  been	  found	  in	  the	  Eurocode’s	  Sections.	   

This discussion is followed by a proposal of concerting some parameter into fixed values and a 
list of those parameters that have been found to be most important. These two lists, together with the 
whole thesis, can be the basis for the future works that still need to be done. Some of them are 
discussed in the final part of this Chapter.  

6.1.1 The Influence over the Efficiency of th e 
Structures 

As stated before, during the investigation of these parameters, it has been assumed that all the 
countries have the same safety margin. This assumption is certainly not true since the investigation 
shows, in Chapters Four and Five, that there are not negligible differences from the countries. 
Nevertheless, the assumption has been done and remains valid for this Chapter because the goal of 
creating a single market with unified rules and standards cannot be reached without assuming or 
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having, at first, a unified level of safety. The differences, therefore, should be though as the mean that 
ensures the same level of safety in the countries that have different conditions, habits etc. as explained 
in Chapter Three. 

The efficiency of a certain structure is given by the amount of material used for bearing a certain 
load in the way that the more materials is used the less efficient the structure is. Moreover, since the 
Eurocodes consider not only the ultimate limit states, but also the serviceability limit states, a second 
definition of efficiency is certainly related to the amount of material needed for ensure a certain 
performance. 

As a practical examples of this, it could be seen in the first case study in which, for the same use 
of a certain building, the amount of materials for satisfying all the ULSs varies from one country to 
another. The percentage of steel needed ranges from -20.3 % (DK) to +23.9 % (IT) compared to the 
recommended values configuration. For Italy, it has to be kept in mind that the maximum 
characteristic yield strength is 10 % lower than in the rest of Europe (however, the maximum yield 
strength is a NDP). It can be easily computed that, for this case, DK needs 36 % less steel than Italy and, 
taking a country with the same yield strength limit, 30 % less than the United Kingdom.  

A second example related to the SLSs could be taken from the second case study (see Subsection 
5.3) in which, with the same cross section and the same reinforcement, the maximum load that 
satisfies all the SLSs varies from 7.42 kN/m (IT) to 6.35 kN/m (FR). More precisely this means that 
France has a maximum load that is 14.4 % smaller than the Italian one. 

6.1.2 The Influence from the Environmental Point of 
View 

Green House Gas Emission due to Concrete  
Since NDPs influence the amount of concrete used and the concrete production, transportation 

and casting produce greenhouse gases, it follows a brief discussion on the environmental aspects 
related to the concrete manufacture process. Noting that this is not the main aim of this thesis, the 
entire discussion will be based on just a single research of the Department of Civil Engineering of the 
Monash University, Clayton (Australia) that was published in 2007 (Flower and Sanjayan, 2007). The 
aim of this work was to quantify the     𝐶𝑂  emissions associated with the manufacture and placement 
of concrete. The life cycle inventory data was collected from a number of quarries and concrete 
manufacturing plants. The results are presented in terms of equivalent     𝐶𝑂  (see definitions) 
emissions. For the aim of this thesis, it has been decided to analyse these emissions on the basis of only 
this article that is, in its turn, based on several articles and studies; the reason behind this decision is, 
once again, the necessity of just estimating, though as well as possible, the emissions without going 
into particular data.  

Knowing that the basic constituents of concrete are cement, water, coarse aggregates and fine 
aggregates, the researcher determined the 𝐶𝑂  emission for each of these components monitoring 
industries and collecting data from other publications. Moreover, they take into account also other 
components of concrete manufacture that are responsible for greenhouse gas emissions. 

The procedure used to calculate 𝐶𝑂  emission due to various energy sources was obtained from 
the Australian Green House Office and, for this reason, could be slightly different from the European 
data. Moreover, there can be differences also between one European country and another; these 
aspects are not taken into account. Many publications are available for determining precise data for 
each European country. Table 6.1 shows the emission factors used in the study that are therefore the 
departure point for estimating the gas emissions. In presence of more precise data, it will be possible 
to calculate the 𝐶𝑂  emission substituting these values reported in the table.  
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Table 6.1. Emission factor used in the study. (a,b,c: explosives; d liquefied petroleum gas.) Source: Flower and 
Sanjayan, 2007. 

Energy source Emission factor Unit 

Diesel 0.0030 𝐭  𝐂𝐎𝟐-e/l 
Electricity 0.001392 𝐭  𝐂𝐎𝟐-e/kWh 

Riogel a 0.1439 𝐭  𝐂𝐎𝟐-e/ton product 

Bulk emulsion b 0.1659 𝐭  𝐂𝐎𝟐-e/ton product 

Heavy ANFO c 0.1778 𝐭  𝐂𝐎𝟐-e/ton product 

LPG d 0.0018 𝐭  𝐂𝐎𝟐-e/l 
 
The emissions due to the production of coarse aggregates are due to the explosive to blast the 

rock, diesel powered excavators and haulers that remove the rubble and dump it into electrical 
crushing and screening equipment and – finally – diesel-powered trucks that move the final graded 
product into stockpiles. The two researchers used the fuel, electricity and explosive consumption of 
two common quarries for calculating the 𝐶𝑂  emissions that was 0.0459 t  CO -e/ton product for a 
granite quarry and 0.0357 t  CO -e/ton product for a basalt quarry. These emissions comprehend the 
average contribution from transport from the quarry to the concrete batching plants. The energy 
consumed was mostly electricity (used for the crushing process) that represent 70/80 % and diesel 
for transportation that cover the 20/30 % of the total energy consumption.  

The emissions due to fine aggregates are lower than the previous because of the absence of the 
crushing procedure. These emissions are due to excavators that load the raw-sand into haulers, the 
transportation, the washing procedure, the grading plant and the final transportation to the concrete 
producer. The total emissions were 0.0139 t  CO -e/ton product that represent just around one third of 
the emissions of the coarse aggregates. The fine aggregate process energy is roughly obtained for 50 % 
from electricity and 50 % from diesel.  

The emissions due to the production of the cement represent the largest part of the total 
emissions. Decomposition of limestone is an essential process in Portland cement production which 
takes place in the cement kiln. The chemical reaction for this process is   𝐶𝑎𝐶𝑂 → 𝐶𝑎𝑂 + 𝐶𝑂 . This 
process releases approximately 0.5 ton of   𝐶𝑂  for every ton of   𝐶𝑎𝑂  produced. The high-energy 
consumption of the kiln produces additional 𝐶𝑂  emissions which are added to obtain the total 
emissions due to Portland cement manufacture. All of the figures for cement production lie between 
0.7 and 1.0 t  CO -e/ton product. The two researchers used in their study and emission factor of 0.82 
t  CO -e/ton product. A part of the 𝐶𝑂  emissions due to decomposition of limestone is re-absorbed 
from the atmosphere by concrete due to the carbonation but, being this quantity very slow, it is 
neglected in this calculation. Flower and Sanjayan (2007) also neglected the gas emissions associated 
with the manufacturing process of the admixtures because of the very small amounts.  

Concrete batching emits 𝐶𝑂  due to the mix of raw materials and the transportation into 
concrete trucks. The average greenhouse gas emissions for batching per cubic metre of concrete 
produced were found to be 0.0033 t  CO -e/ton product that mainly derived from electricity and diesel. 
The transportation of batched concrete consumes diesel fuel and in this study was found that the 
average amount of fuel consumed for cubic metre of transported concrete was 3.1 litres which led to 
0.009 t  CO -e. This figure, more than others, changes with the distance but, being a result based on a 
five months period of monitoring, it can be considered as a good average consumption. On-site 
placement activities (pumping, vibrating and finishing concrete) consume liquid fuel. The estimation 
of this consumption is very difficult to do, for this reason the researchers give a rough estimation of 
0.009  t  CO -e for each cubic metre of concrete casted.  

Table 6.2 shows the emissions of 𝐶𝑂  determined in the research work of Flower and Sanjayan 
(2007). For determining the gas emission for cubic meter of concrete, as has been done in Chapter 2, 
there will be considered three common compositions of concrete. 
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Table 6.2. 𝐶𝑂  emission factor. Source: Flower and Sanjayan, 2007. (Note the different unit) 

Energy source Emission factor Unit 

 

Coarse aggregates (granite/basalt) 0.0357/0.0459 t  CO -e/ton 
Fine aggregates 0.0139 t  CO -e/ton 
Cement 0.7000/1.000 t  CO -e/ton 
Concrete batching 0.0033 t  CO -e/m  
Concrete transport 0.0094 t  CO -e/m  
On-site placement activities 0.0090 t  CO -e/m  
TOT. 1.8958/2.6713 𝐭  𝐂𝐎𝟐-e/𝐦𝟑 

 
It follows from these data that a common concrete with 300 kg/m3 of Portland cement, 150 l/m3 

of water, 1300 kg/m3 of coarse aggregates and 750 kg/m3 of fine aggregates has an emission factor for 
the life cycle around 0.290÷0.390 t  CO -e/m . Changing slightly the composition for a concrete with 
360 kg/m3 of Portland cement, the life cycle emission factor becomes 0.320÷0.420 t  CO -e/m . The 
values are given with a wide range mainly because of the range in the cement emission factor and 
secondarily because of the other many parameters that can change case by case. Flower and Sanjayan 
(2007) showed two different concrete with a characteristic strength of 25 and 32 MPa that have 
respectively 0.290 and 0.322 t  CO -e/m  that fall within the estimated ranges giving a prove of their 
rightness. So, in other terms, a cubic metre of cast concrete that correspond to 2500÷2600 kg produce 
from 290 to 420 kg of CO -e. 

Comparison of countries  
The discussion of the results obtained for the previous two chapters under the environmental 

point of view is strictly related to the efficiency of the structures. In fact, more efficient structures are 
also more environmental friendly since less material is used. It follows that the conclusion stated in 
Subchapter 6.1.1 is also valid here.  

Moreover, under the environmental point of view, it is necessary to do a further discussion since 
the problem is not related to single structures, but on a continental or world scale. Thinking at the 
environment on a large scale, the importance of the percentage of material saved (or added) is greater 
for those countries that use more concrete than countries that use less of this material. In fact, 
countries contribute to the total amount of greenhouse gas produced by the construction world in 
proportion to their amount of material used. Thinking for instance at Italy that consumes around 109 
Mm  of concrete a year (see Table 2.3, p.15) and Sweden that consumes only 6 Mm , it is easy to 
compute – using the estimation proposed before - that the greenhouse gases production of Italy is 
38 ∙ 10   t  CO -e while Sweden produces only 2 ∙ 10   t  CO -e. A decrease of one per cent of material 
needed means, in absolute values, 0.38  and  0.02 ∙ 10   t  CO -e saved. In a global scale, this variation due 
to NDP is more important in IT than in SE since it leads to a decrease of emissions 19 times greater. 

According to Table 2.3, the countries that use more concrete are Italy, Germany and France 
followed by the U.K. and very much ahead of from Sweden, Denmark and Finland. The differences of IT 
and FR that lead to a greater use of materials have a greater importance because of these countries are 
between the first consumers of concrete in Europe. 

Under the environmental point of view, the differences of DK, FI and SE are less important 
because these three countries together use less material than each of the other four. 

6.1.3 The influence from the economical point of 
view 

The economics can be influenced by the NDPs essentially throughout the cost of the building. 
This cost depends, in a small part, on the cost of the structure itself. On its turn, the cost of the 
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structure influences (i) the decision of the material which the structure should be made with, (ii) the 
competitiveness of countries in the public constructions and infrastructures and (iii) construction cost 
of dwellings, homes, industrial buildings etc. 

The cost of a structure is related to the amount of material needed. It is important to underline 
that reduction of material of 10/20 % as seen in the case studies or in Chapter Four does not directly 
mean that the structure will cost 10/20 % less because there are many fixed costs that do not depend 
on the amount of steel or concrete used. Nevertheless, these differences, albeit shrunken, will 
influence the cost of the structures. Thinking at the aim of the Eurocodes (see Chapter Three), that 
mainly want to create an even European market, differences of few percentage points due to the basic 
standards are certainly not in line with the scope which the Eurocode have been created for. The 
differences found are large and there is therefore needed the program of the European community to 
further decrease the number of national parameters for having an even more equal market. It is 
important to underline that all the percentages exposed in this thesis are related to the recommended 
set of NDPs. It follows that between two countries the differences in percentage can reach very 
important values, especially when they have differences from the r.v. opposite in sign. 

The first of the three points needs further research about the codes for other kind of material 
(e.g. timber, steel and masonry) for understanding if countries privilege, throughout the NDPs, the use 
of one material instead of another one. It is probably too much to say that NDPs can influence the 
decision of the type of structure and the material used, but it remains a plausible hypothesis until 
further researches have shown the opposite. 

The second point is even more complicated to discuss, but in a general and simple way it can be 
said that if the same infrastructure or building has different cost in different countries, there are 
certainly some countries that are advantaged for building the structures with respect to some others. 
Countries that have been found to use more materials are therefore disadvantaged also under this 
point of view. 

The cost of homes, dwellings, industrial buildings and all kind of structures is more important 
from the single person or family point of view. The conclusions here follow the same logical thread as 
before. 

 

6.2 Summary of Results 

6.2.1 General Trends Section by Section 

Subsection 4.5.1 reports already a summary of the results giving higher design loads for FI, IT, 
UK and SE (ordered from the highest to the lowest) while data for DK, FR and DE are not present. On 
the other side, there are no differences for the SLSs design combinations. 

The variable loads for buildings given by Eurocode 1 change a lot from one country to another. 
The majority of the changes give variable loads smaller than those recommended. DK, DE and IT are 
closer to the r.v., for all the other countries it can be said that the variable loads are smaller than those 
recommended and thus smaller than those adopted by DK, DE and IT.  

For Section 2 it is reported that only Denmark, using different partial safety factors, has smaller 
steel design strength at the ULS and higher concrete design strength (only for r.c.). It could be 
estimated that these two differences, in some circumstances, can be compensated one with the other. 
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For materials, treated in Section 3, it can be said that FI, DE, IT and UK have lower design 
concrete strength while only DK has higher value. Regarding steel, DK, FI, FR, DE and IT have 
disadvantages because of the lower value of the maximum yield strength. 

For having a general trend of the durability parameters, the nominal cover for reinforced 
concrete has been calculated for different exposure classes ( X0, XC1, XC4, XD2, XS1, XS3, XF3 and XA2) 
and for bar diameters varying between 12 and 42 mm obtaining the following results: DK has higher 
cover to reinforcement while FI, SE and UK always have lower cover. During the first two case studies, 
these trends have also been confirmed. The fact of having thinner cover leads to two main 
consequences: (i) less durability of the structures and (ii) higher effective depth and so higher capacity 
of elements. The cover to reinforcement should be discussed together with the recommended strength 
class, but for this parameter it is not possible to obtain a general trend. The remaining three countries 
(FR, DE and IT) have covers that are very close to the recommended values. 

In Section 5 only UK can have lower bending moment when using the simplified load 
arrangements. For the moment redistribution, that is an important procedure that can decrease the 
amount of reinforcement needed, it has been observed that DE allows lower redistribution than the 
other countries. As it is possible to see in the first case study, this different value avoid too large 
redistribution (as happened for r.v., DK, FI, SE and UK in the same case study). The limit slenderness, 
depending on different parameters, gives disadvantages to DE and DK. 

For the ULS calculations, DE has lower shear capacity without reinforcement while DK has a 
wide range. The maximum shear force applicable for a given cross section is in general smaller for FI 
and UK, higher for DE and variable for DK. In addition, the maximum shear resistance on the concrete 
side is higher for DE as well as DK that leads to the possibility to use more shear reinforcement 
without changing cross section or structure. The strength reduction actor for cracked concrete in 
shear penalizes IT and DE. The behaviour of sections with shear and torsion is better for DE, variable 
for DK and worse for FI and UK. The maximum punching shear resistance without reinforcement 
penalizes FI and UK while DK shows the usual variable trend, these trends have been confirmed in the 
case study 4. The strut and tie analysis presents disadvantages for UK, DE and FI in comparison to the 
other countries (DK presents a variable trend), case study 5 confirms perfectly these data. 

For the SLSs, it could be summarised that SE is the less restrictive country. DK, IT and UK follow 
often the recommended values while FI and DE have some disadvantages. FR has different trends 
throughout the section. Some of these conclusions can be checked in the second case study although 
are mixed with other changeable parameters.  

Section 8 presents anchorage parameters that penalize DK, this is mainly due to the higher value 
for the partial safety factor for concrete. These differences are not visible in the first case study 
because they are covered by other parameters, but they can easily be observed in the case study 5.  

The minimum reinforcement for beams is higher for FR, DE and IT (influenced by the lower yield 
strength). FI, SE and DE have some advantages having an higher allowable reinforcement quantity. The 
minimum shear reinforcement is lower in DK and higher for FR, IT and DE; the first case study shows 
and confirms these trends. Column should be more reinforced for DK, FR and IT, while for SE it is 
required a lower minimum reinforcement area. DE has a variable behaviour. For the other parameters 
contained in Section 9, it cannot be said in which measure they influence the material need and 
efficiency. 

The design strength of lightweight aggregated concrete (Section 11) is lower for DE and higher 
for DK and SE. The shear capacity of elements made out of this material is lower for DE with respect of 
all other investigated countries. Many other parameters discussed so far take part in the design and 
verification of LWAC elements. 

Regarding elements in plain concrete, FI, DE and UK are disadvantaged in the computation of the 
design strength. SE and UK have, on the opposite, advantages having higher design strength. 
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6.2.2 More and less important parameters 

During the investigation, it has been found that some parameters are more important than 
others for two possible reasons: (i) the parameters take part in many different formulas (e.g. 
parameter for determining the design strength of concrete) and (ii) parameters that give very large 
differences between countries. These more important parameters are listed below: 

 EC0: A.1.3.1(1); 
 EC1: 6.3.1.2(1)P(Table 6.2); 
 2.4.2.4(1) for persistent and transient design situation; 
 3.1.6(1); 
 3.2.2(3)P; 
 3.3.6(7); 
 4.4.1.2(5); 
 5.1.3(1)P; 
 5.5(4); 
 5.8.3.1(1); 
 5.10.2.1(1)P; 
 6.2.2(1); 
 6.2.2(6); 
 6.2.3(3); 
 6.4.4(1); 
 6.4.5(3); 
 6.5.2(2); 
 6.5.4(4); 
 7.2(5); 
 7.3(5); 
 7.3.2(4); 
 7.3.4(4); 
 7.4.2(2); 
 9.2.2(5); 
 9.5.2(2); 
 9.10.2.3(3) and (4); 
 9.10.2.4(2); 
 11.3.5(1) and (2); 
 11.6.1(1); 
 11.6.2(1); 
 12.3.1(1). 
The importance of this list of parameters found throughout this analysis consists into the 

possibility to concentrate the future works on these 33 parameters for reducing the differences 
between the European countries. In particular, it could be concentrated the research on these 
parameters  for having  more precise results, improved formulas and theories that can be accepted by 
all the countries. 

The NDPs that have been found to be less important in this analysis are, at first, those that do not 
vary between the seven investigated countries. Knowing the future plan of the European Commission 
(see Chapter Three), it is therefore proposed to convert these NDPs into fixed parameters. Although 
this thesis covers the investigation of seven countries only, this proposal is not unfound because the 
selected countries cover 48 % of the European concrete consumption (see Table 2.3, p.15), having, in 
particular FR, DE, IT and UK that are the highest concrete consumers in the EU. The above-mentioned 
parameters are: 

 2.4.2.1; 
 2.4.2.3(1); 
 2.4.2.4(1) only for the partial safety factor for steel under the accidental situations; 
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 2.4.2.4(2); 
 3.1.6(2); 
 3.3.4(5); 
 4.4.1.2(13); 
 5.8.3.3(1) and (2); 
 5.10.2.1(2); 
 6.8.7(1); 
 7.2(2) and (3); 
 8.2(2); 
 9.8.5(3); 
 11.3.7(1); 
 11.6.1(1); 
 11.6.4.1(1); 
 C.1(1). 

6.3 Conclusion 

The need of having an estimation of the NDPs average influences valid for all the concrete 
structures cannot be satisfied because of the large number of parameters that are involved. It is even 
more difficult to give a range of variation in percentage of these differences unless for some particular 
circumstances or restricted problems. In fact, as the case studies show, the wider is the problem, the 
more difficult is the recognition of the influence of a certain NDP or a group of NDPs. The last two case 
studies, that take into account only some NDPs and have many common parts between countries, 
show trends that are close to the analyses of Chapter Four.  

A summary trend of the efficiency in the seven investigated countries done on the basis of the 
five case studies of Chapter Five and on the analysis of Chapter Four reports that FI, FR, UK and IT 
need, for the majority of the cases, more material than the recommended situation while SE is always 
close to the r.v.; DK and DE vary around the recommended scenario and it is not possible to find an 
average value for these two countries. In particular, the country that gives the maximum differences in 
positive or negative is often Denmark. It is not possible to estimate an average behaviour of these two 
countries because their differences vary from negative to positive values. It can be said that, except the 
two variable countries, SE has advantages with respect of the other four countries. This conclusion is 
even more important when thinking that Sweden is the second country for number of recommended 
values adopted meaning that following the values proposed by the Eurocode does not give 
disadvantages. On the opposite, observing Italy and France that chose different values only for few 
NDPs, it can be said that even the adoption of different values for a few parameters can lead to 
important differences in the final results. This is true in particular when the parameters that have been 
changed are those contained in the list exposed in Subsection 6.2.2. 
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6.4 Future Prospective 

On the basis of the European mission of having an even and single market within the EU 
countries, it can be said that there is still the need of a lot of changes in this sector. The future program 
of	   decreasing	   the	   differences	   of	   the	   Eurocodes’	   national parameters, in the case of Eurocode 2, is 
strongly needed. A large number of parameters that do not depend upon geographical or geological 
aspects have been chosen differently in the investigated countries.  The plan of the European 
Community discussed in Chapter Three contains, as one of the main aims, the reduction of the number 
of NDPs for decreasing the differences throughout Europe. This thesis shows that decreasing the 
number of NDPs could help to achieve the goal of an even market only if it will be done properly. In 
particular, the conversion of certain NDPs into fixed values could equalise the conditions only if they 
contain that parameters that have been found to be both different in the countries and influencing a 
large number of steps and design problems. Moreover, as mentioned above, particular attention 
should be given to those parameters listed in Subsection 6.2.2 that have been found to be more 
important. The reduction should therefore not be addressed only to decreasing the number of NDPs, 
but also targeting to decrease the differences. The future work should be done not only on the 
parameters themselves, but also on all the aspects that influence the decision of the national standard 
bodies (e.g. habits, style of constructions). This is proposed because firstly a single market could be 
achieved not only having equal standards and secondly because equal standards are possible only if 
the background of the construction world is similar in the countries. 

The future research that can follow and complete this thesis should focus on the study of the 
other part of Eurocode 2 (Parts 1-2, 2 and 3) for having a complete view over all the concrete 
structures together with a detailed view on special structures (e.g. bridges) or circumstances (e.g. fire). 
The research could also cover the investigations of the Eurocodes for other types of material in order 
to investigate if countries benefit – throughout the choices of the NDPs – the use of one material 
instead of another. This hypothesis could be too strong, but it remains possible until new research will 
be done. 

Regarding this thesis, the future works can be concentrated on further case studies that can give 
a more complete scenario of the problem. A good work could be the design of a whole structures (e.g. a 
residential building or school) in all countries for having a comparison that takes into account many 
different aspects and a large number of NDPs altogether.  
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Appendix A  
 
Packaging	  of	  the	  EN	  Eurocodes	  
Parts 

The Appendix reports the 10 Eurocodes that have been published so far with all the 58 Parts. 
The Table reports the title of the Part and the standard code (second column) that contains also the 
year of publication by CEN. 

Table A1. Packages of the 10 Eurocodes, some of those are divided into Parts that cover different topics. 

 Standard 
Reference Title 

EC0 EN 1990:2002 Eurocode - Basis of structural design 

EC1 

EN 1991-1-1:2002 Eurocode 1: Actions on structures - Part 1-1: General actions - Densities, self-weight, 
imposed loads for buildings 

EN 1991-1-2:2002 Eurocode 1: Actions on structures - Part 1-2: General actions - Actions on structures 
exposed to fire 

EN 1991-1-3:2003 Eurocode 1: Actions on structures - Part 1-3: General actions - Snow loads 
EN 1991-1-4:2005 Eurocode 1: Actions on structures - Part 1-4: General actions - Wind actions 
EN 1991-1-5:2003 Eurocode 1: Actions on structures - Part 1-5: General actions - Thermal actions 
EN 1991-1-6:2005 Eurocode 1: Actions on structures - Part 1-6: General actions - Actions during execution 
EN 1991-1-7:2006 Eurocode 1: Actions on structures - Part 1-7: General actions - Accidental actions 
EN 1991-2:2003 Eurocode 1: Actions on structures - Part 2: Traffic loads on bridges 
EN 1991-3:2006 Eurocode 1: Actions on structures - Part 3: Actions induced by cranes and machinery 
EN 1991-4: 2006 Eurocode 1: Actions on structures - Part 4: Silos and tanks 

EC2 

EN 1992-1-1:2004 Eurocode 2: Design of concrete structures - Part 1-1: General rules and rules for buildings 
EN 1992-1-2:2004 Eurocode 2: Design of concrete structures - Part 1-2: General rules - Structural fire design 

EN 1992-2:2005 Eurocode 2: Design of concrete structures - Part 2: Concrete bridges - Design and detailing 
rules 

EN 1992-3:2006 Eurocode 2: Design of concrete structures - Part 3: Liquid retaining and containment 
structures 

EC3 

EN 1993-1-1:2005 Eurocode 3: Design of steel structures - Part 1-1: General rules and rules for buildings 
EN 1993-1-2:2005 Eurocode 3: Design of steel structures - Part 1-2: General rules - Structural fire design 

EN 1993-1-3:2006 Eurocode 3: Design of steel structures - Part 1-3: General rules - Supplementary rules for 
cold-formed members and sheeting 

EN 1993-1-4:2006 Eurocode 3: Design of steel structures - Part 1-4: General rules - Supplementary rules for 
stainless steels 

EN 1993-1-5:2006 Eurocode 3: Design of steel structures - Part 1-5: General rules - Plated structural elements 
EN 1993-1-6:2007 Eurocode 3: Design of steel structures - Part 1-6: Strength and stability of shell structures 
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EN 1993-1-7:2007 Eurocode 3: Design of steel structures - Part 1-7: Strength and stability of planar plated 
structures subject to out of plane loading 

EN 1993-1-8:2005 Eurocode 3: Design of steel structures - Part 1-8: Design of joints 
EN 1993-1-9:2005 Eurocode 3: Design of steel structures - Part 1-9: Fatigue 

EN 1993-1-10:2005 Eurocode 3: Design of steel structures - Part 1-10: Material toughness and through-
thickness properties 

EN 1993-1-11:2006 Eurocode 3: Design of steel structures - Part 1-11: Design of structures with tension 
components 

EN 1993-1-12:2007 Eurocode 3: Design of steel structures - Part 1-12: General - High strength steels 
EN 1993-2:2006 Eurocode 3: Design of steel structures - Part 2: Steel bridges 
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Appendix B  
 
Case	  Studies	  Computations 

B.1 Case Study 1 
Design of a central spine beam that support a one-way flat slab (span of 6 m and depth of 200 

mm) for an office space. The two spans beam is supported on 200 ×400 mm columns. The underside 
surface is exposed to airborne chlorides (XD1). The top surface is internal (XC1). 

 Beam depth design B.1.1
Assuming for the beam 𝜌 = 1.0  %: 
= 0.8 22 = 15.4   → 𝑑 =

.
= 0.52  m   → assume  ℎ = 0.6  m  EC2-Table 7.4N 

 Actions B.1.2
Permanent: 
- reinforced concrete (25kN m⁄ ) → 𝑔 , = 34   kN m⁄  EC1-Table A.1 
- wood floor (7.0 kN m⁄ ) → 𝑔 , = 1.3   kN m⁄   EC1-Table A.3 
- plaster cover (20kN m⁄ ) → 𝑔 , = 1.4   kN m⁄  
Variable: 
- variable load for Office area B (3.0 kN m⁄ ) → 𝑞 , = 18   kN m⁄   EC1-Table 6.2 
- movable partitions with self-weight ≤ 2.0   kN m  wall  length⁄  EC1-Cl.6.3.1.2(8) 
(0.8 kN m⁄ ) → 𝑞 , = 4.8   kN m⁄   

 Reduction factor for imposed loads    B.1.3
  EC1-Cl.6.3.1.2(10) 
When the imposed load is on one span: 
𝛼 , = 𝜓 + = 0.7 + = 0.708  EC1-Eq.6.1 
→   𝑞 , + 𝑞 , = 0.708 ∙ 18 + 4.8 = 17.5   kN m⁄   
When the imposed load is on two spans: 
𝛼 , = 𝜓 + = 0.7 + = 0.604  
→   𝑞 , + 𝑞 , = 0.604 ∙ 18 + 4.8 = 15.7   kN m⁄   
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 Geometric data  EC2-Cl.5.3.2 B.1.4
Effective width of flanges 
Mid span section  EC2-Cl.5.3.2.1(3) 
𝑙 = 0.85 ∙ 8 = 6.8  m  
𝑏 = 2.8  m  
𝑏 , = 0.2 ∙ 2.8 + 0.1 ∙ 6.8 = 1.24  m  (< 1.36  m  and < 2.8  m)  EC2-Eq.5.7a 
𝑏 = 1.24 + 1.24 + 0.4 = 2.88  m    
Central support section 
𝑙 = 0.15 ∙ 16 = 2.4  m  
𝑏 = 2.8  m  
𝑏 , = 0.2 ∙ 2.8 + 0.1 ∙ 2.4 = 0.8  m  (< 0.48  m  and < 2.8  m)  
𝑏 = 0.48 + 0.48 + 0.4 = 1.36  m    
Effective span of beam  EC2-Cl.5.3.2.2(1) 
𝑙 = 7.8 + 0.1 + 0.1 = 8.0  m  EC2-Eq.5.8 

 

Figure B.1. Beam cross section 

 Load combinations  EC0-Cl.6.4.3.2 B.1.5
Use two load combinations: the first with the maximum load for both spans and the second one with 
the minimum load on one span and the maximum load on the other span. 
Design loads: 
Using the less favourable of Equations 6.10a and 6.10b: 
(𝑔 + 𝑞) = 1.35 ∙ 36.7 + 1.5 ∙ 0.7 ∙ 17.515.7 =

67.9
66.0   kN m⁄

𝑔 = 1.35 ∙ 36.7 = 49.5     kN m⁄                                                                                           
  EC0-Eq.6.10a/b 

(𝑔 + 𝑞) = 0.85 ∙ 1.35 ∙ 36.7 + 1.5 ∙ 17.515.7 =
68.4
65.7   kN m⁄

𝑔 = 0.85 ∙ 1.35 ∙ 36.7 = 42.1     kN m⁄                                                                         
  

values used: 
(𝑔 + 𝑞) , = 68.4   kN m;  ⁄ (𝑔 + 𝑞) , = 66.0   kN m  ⁄  and 𝑔 = 49.5     kN m⁄   

 Analysis  EC2-Cl.5.5 B.1.6
Linear elastic analysis with limited redistribution using the two load combinations reported in the 
Table below. 
The value of reduction factor 𝛿 is assumed equal 
to the minimum allowable, when 𝑥 𝑑⁄  will be 
known (after design of the reinforcement) it will 
be checked if the 𝛿 used was correct; in the 
negative case, an iterative analysis will be used for finding the lowest value of the parameter. 
The moment at the support is decreased by: 
Δ𝑀 = , 𝑡 = 0.2 = 15.7  kNm  EC2-Cl.5.3.2.2(4) 

 Load comb. A Load �comb. B 
Span 1  (𝒈 + 𝒒)𝐝,𝐈  (𝒈 + 𝒒)𝐝,𝐈𝐈 
Span 2  𝒈𝐝  (𝒈 + 𝒒)𝐝,𝐈𝐈 
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Figure B.2. Maximum Bending Moment (M) and Shear Force (V) diagram obtained from the two loads 
combinations for half structure (in the second half of the structure M is symmetric and V is anti-symmetric) 

 Durability  EC2- Section 4 B.1.7
Underside surface 
Exposure class: XD1 
Indicative minimum strength class: C30/37 
𝑐 , = 35  mm  (structural class S4, design working life 50 years)  EC2-Table 4.4N 
𝑐 , = ϕ   mm  EC2-Table 4.2 
𝑐 = max{ϕ ; 35 + 0 − 0 − 0; 10  } = 35  mm (ϕ < 35  mm)  EC2-Eq.4.2 
using ϕ , = 18  mm and ϕ = 8  mm it follows: 
𝑐 = 35 + 10 = 45  mm  EC2-Eq.4.1 
effective depth: 𝑑 = 600 − 45 − 8 − = 538  mm (mid span section) 
Top surface 
Exposure class: XC1 
Indicative minimum strength class: C20/25 < C30/37 
𝑐 , = 15  mm  (structural class S4, design working life 50 years) 
𝑐 , = ϕ   mm  
𝑐 = max{ϕ ; 15 + 0 − 0 − 0; 10  } = ϕ    (ϕ > 15  mm)  
using ϕ , = 18  mm and ϕ = 8  mm it follows: 
𝑐 = 18 + 10 = 28  mm  
effective depth: 𝑑 = 600 − 28 − 8 − = 555  mm (central support section) 

 Materials EC2-Section 3 B.1.8
Concrete C30/37, maximum aggregate size 𝑑 = 20  mm: 
𝑓 = 30  MPa  ; 𝑓 = 2.9  MPa; 𝐸 = 33  GPa; 𝑓 = 2.0  MPa;  EC2-Table 3.1 
 𝜀 = 0.2  %; 𝜀 = 0.35  %. 
𝛾 = 1.5; 𝛼 = 1.00  EC2-Table 2.1N 
Design properties: 
𝑓 = 1.00

.
= 20.0  MPa  EC2-Eq.3.15 

𝑓 = 1.00 .
.
= 1.3  MPa  EC2-Eq.3.16 

Steel B500C: 
𝑓 = 500  MPa  ; 𝑘 = 1.10; 𝐸 = 200  GPa; 𝜀 = 7.5  %; 
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𝛾 = 1.15  EC2-Table 2.1N 
Design properties: 
𝑓 =

.
= 435  MPa  

𝜀 = 6.75  %  EC2-Cl.3.3.6(7) 

 Mid span section reinforcement  B.1.9

𝑀 = 394  kNm  → 𝜇 = ∙
∙ ∙

= 0.0236  
𝜔 = 1 − 1 − 2𝜇 = 1 − √1 − 2 ∙ 0.0236 = 0.0239  
𝐴 , = ∙

. = 1703  mm   →  

Use 7 bars with ϕ = 18  mm   →   𝐴 , = 1781  mm   
Verification 
At the ULS, the maximum strain of concrete is less than 0.35 %. For this reason the check of the 
section will be carried out setting the steel strain equal to 6.75 % and using the bi-linear stress-
strain diagram for concrete: 
Assuming 𝜀 = 6.75  %  and   = 0.0392 it follows: 
𝑥 = 21.2  mm; 𝜀 = 0.276  % 
the compression and tension resultant are: 
𝐶 = 775.9  kN;𝑇 = −774.7  kN   →   𝐶 − 𝑇 ≃ 0   → 𝑀 = 441  kNm > 394  kNm   ⇒ OK  
Space between bars: 𝑠 = ∙( ) ∙ = 28  mm 
𝑠 = max(1 ∙ ϕ, 20 + 5, 20  mm) = 25  mm < 28 mm  EC2-Cl.8.2(2) 
Minimum and maximum reinforcement area 
𝐴 , = max 0.26 . 400 ∙ 538, 0.0013 ∙ 400 ∙ 538 = 324  mm   EC2-Cl.9.2.1.1 
𝐴 , = 0.04𝐴 = 29′440  mm   

 

Figure B.3. Mid span cross-section with reinforcement. [units are in mm]. 

The area of bottom reinforcement provided at the end supports with little or no end fixity assumed 
in design, should be at least 𝛽 = 0.25 of the area of steel provided in the span. So, at least 2 bars 
should be prolonged at the supports (𝐴 , = 2 ∙ 9 ∙ 𝜋 = 509  mm ).  EC2-Cl.9.2.1.4(1) 

 Central support section reinforcement  B.1.10

𝑀 = −370 + 16 = −354  kNm   → 𝜇 = ∙
∙ ∙

= 0.1437  
𝜔 = 1 − 1 − 2𝜇 = 1 − √1 − 2 ∙ 0.1437 = 0.1558  
𝐴 , = ∙

. = 1591  mm   

Use bars with diameter equal to 16 mm because the section is wide and it is better to have many 
bars  
Use 8 bars with ϕ = 16  mm   →   𝐴 , = 1608  mm   
Verification 
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At the ULS, the maximum strain of concrete is 0.35 %: 
Assuming = 0.200 it follows: 
𝑥 = 11.1  mm; 𝜀 = 1.4  % →  𝜎 = 442.7  MPa 
the compression and tension resultant are: 
𝐶 = 711.8  kN;𝑇 = −711.9  kN   →   𝐶 − 𝑇 ≃ 0   → 
𝑀 = 363  kNm > 354  kNm ⇒ OK  
Check of the value of 𝛿 for the limited redistribution 
𝛿 ≥ 𝑘 + 𝑘 = 0.44 + 1.25 0.6 + .

.
0.2 = 0.69 ≥

𝑘 = 0.7   → 𝛿 ≥ 0.7  EC2-Eq.5.10a 
Four bars are concentrated over the web width:  
𝑠 = ∙( ) ∙ = 77  mm >  𝑠   
Minimum and maximum reinforcement area 
𝐴 , = max 0.26 . 400 ∙ 555, 0.0013 ∙ 400 ∙ 555 = 335  mm   
𝐴 , = 0.04𝐴 = 17′280  mm   

 End supports reinforcement  EC2-Cl.9.2.1.2(1) B.1.11
The section at supports should be designed for a bending moment arising from partial fixity of at 
least 𝛽 = 0.15 of the maximum bending moment in the span.  
𝑀 = 0.15 ∙ 394 = 59  kNm   → 𝜇 = ∙

∙ ∙
= 0.0.0240  

𝜔 = 1 − 1 − 2𝜇 = 1 − √1 − 2 ∙ 0.0240 = 0.0243  
𝐴 , = ∙

. = 248  mm   

Use 2 bars with ϕ = 16  mm   →   𝐴 , = 402  mm  

 Shear resistance without shear reinforcemen t EC2- Cl.6.2.2 B.1.12
𝑉 (𝑑) = 271  kN (shear force at a distance 𝑑 from the face of the support) 

𝑘 = 1 + = 1.61;  𝜌 =
∙

∙
= 0.0024  

𝑉 , =
.
.
1.61(100 ∙ 0.0024 ∙ 30) 400 ∙ 538 = 79.9  kN  EC2-Eq.6.2a 

with the minimum reinforcement the shear resistance is 
𝑉 , , = 0.035 ∙ 1.61 √30 400 ∙ 538 = 84.3  kN  EC2-Eq.6.2b 
The beam requires the shear reinforcement 

 Design of the shear reinforcement EC2-Cl.6.2.3 B.1.13
The shear reinforcement in any length increment 𝑙 = 𝑧 ∙ 𝑐𝑜𝑡𝜃 may be calculated using the smallest 
value of 𝑉  in the increment. Using 𝑐𝑜𝑡𝜃 = 2.5 it follows 𝑙 = 0.9 ∙ 538 ∙ 2.5 = 1210  mm.  EC2-
Cl.6.2.3(5) 

Figure B.4. Central support section with 
reinforcement [units are in millimetres]. 
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Figure B.5 Shear Force diagram (straight line) and Shear Force design diagram according to Cl. 6.2.3(5) of 
EC2 (step line). 

𝑉 = 150  kN;  𝑉 = 68  kN;  𝑉 = 73  kN;  𝑉 = 151  kN;  𝑉 = 231  kN;  
For the shear reinforcement stirrups with diameter 8 mm in 2 legs set vertically (𝛼 = 90°) have 
been adopted. 
 
Minimum shear reinforcement 
𝜌 , = 0.08 √ 100 = 0.0876  %  EC2-Eq.9.5N 

= 0.000876 ∙ 400 = 0.3505  
𝑉 , . = 0.3505 ∙ 0.9 ∙ 538 ∙ 435 ∙ 2.5 = 184  kN >𝑉 ,𝑉 , 𝑉   and  𝑉 .  EC2-Eq.6.8 
It follows that for 6.8 m from the end of the beam the minimum shear reinforcement is adopted: 

𝑠 =
∙

.
= 287  mm   →    𝑠 = 280  mm  

𝑠 , = 0.75 ∙ 538 = 404  mm > 𝑠   EC2-Eq.9.6N 
Use stirrups with 2 legs every 280 mm. 
Verification 
𝑉 = . 0.9 ∙ 538 ∙ 435 ∙ 2.5 = 189  kN  EC2-Eq.6.8 
𝑉 , = 1 ∙ 400 ∙ 0.9 ∙ 538 ∙ 0.528 ∙ 20 (2.5 + 0.4) = 705  kN⁄   EC2-Eq.6.9 
Shear reinforcement for the zone close to the central support (𝑉 = 231  kN). 

=
. ∙ ∙ ∙ .

= 0.439  

=
. ∙ ∙ . ∙ ∙

= 4.86 > 0.439  EC2-Eq.6.12 

 𝑠 =
∙

.
= 229  mm   →    𝑠 = 220  mm  

Verification 
𝑉 = . 0.9 ∙ 538 ∙ 435 ∙ 2.5 = 240  kN  
𝑉 , = 1 ∙ 400 ∙ 0.9 ∙ 538 ∙ 0.528   ∙ 20 (2.5 + 0.4) = 705  kN⁄ > 240  kN > 231  kN  
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Figure B.6. Shear reinforcement placement (left) and shear reinforcement detail (right). 

 Mandrel diameters EC2-Cl.8.3 B.1.14
Bar diameter 

[mm] 
𝝓𝐦,𝐦𝐢𝐧 
[mm] 

18 126 
16 64 
8 32 

 

 Anchorage length EC2-Cl.8.4 B.1.15
𝑓 = 2.25 ∙ 1 ∙ 1 ∙ 1.35 = 3.05  MPa  EC2-Eq.8.2 
Bottom reinforcement 𝑅 (additional reinforcement in the mid span) 
Good bond conditions are assumed according to Figure 8.2 of the EC2. 
The basic anchorage length is calculated assuming the stress of reinforcement equal to the design 
yield strength, this assumption does not lead to longer bars and simplify the calculations. 
𝜎 = 435  MPa   → 𝑙 , =

.
= 642  mm  EC2-Eq.8.3 

𝛼 = 1.0 (straight bars)  EC2-Table 8.2 
𝑐 = min(14, 53, 53) = 14  EC2-Cl.8.4.4(1) 
𝛼 = 1 − 0.15 ∙ = 1.03   → 1.0  
Assuming that 3 stirrups are present over the anchorage length: 
𝜆 = ∙ . ∙ = 0.339  and 𝐾 = 0.05 
𝛼 = 1 − 0.05 ∙ 0.339 = 0.98; 𝛼 = 1.0; 𝛼 = 1.0  
𝑙 = 1 ∙ 1.0 ∙ 0.98 ∙ 1 ∙ 1 ∙ 642 = 629  mm  EC2-Eq.8.4 
𝑙 , = max(0.3 ∙ 642, 180, 100) = 193  mm  EC2-Eq.8.6 
Use anchorage length 𝑙 , = 630  mm. 
Bottom reinforcement at the end supports 𝑅  
The anchorage length is measured from the line of contact between beam and support. 
 EC2-Cl.9.2.1.4(3) 
Good bond conditions are assumed according to Figure 8.2 of the EC2. 
𝜎 = = 426  MPa   → 𝑙 , =

.
= 629  mm  

𝑐 = min(60, 53) = 53 (bent bars) 
𝛼 = 1.0; 𝛼 = 1 − 0.15 ∙ ∙ = 1.01 → 1.0  
Assuming that 1 stirrup is present over the anchorage length: 
𝜆 = ∙ . ∙ = −0.054  and 𝐾 = 0.05 
𝛼 = 1 − 0.05 ∙ (−0.054) = 1.00; 𝛼 = 1.0;  
𝑝 =

∙
= 2.73  MPa   → 𝛼 = 1 − 0.04 ∙ 2.73 = 0.89  
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𝑙 = 1 ∙ 1 ∙ 1 ∙ 1 ∙ 0.89 ∙ 629 = 560  mm  
𝑙 , = max(0.3 ∙ 629, 180, 100) = 189  mm  
Use anchorage length 𝑙 , = 560  mm. 

Upper reinforcement 𝑅  (additional reinforcement over the central support) 
Good bond conditions are assumed having an anchorage zone bent (45°) according to Figure 8.2 of 
the EC2. 
𝜎 = 443  MPa   → 𝑙 , =

.
= 581  mm  

𝑐 = min(39, 36) = 36 (bent bars) 
𝛼 = 1.0; 𝛼 = 1 − 0.15 ∙ ∙ = 1.11 → 1.0  
Assuming that 3 stirrups are present over the anchorage length: 
𝜆 = ∙ . ∙ = 0.496  and 𝐾 = 0.05 
𝛼 = 1 − 0.05 ∙ 0.496 = 0.98; 𝛼 = 1.0; 𝛼 = 1.0  
𝑙 = 1 ∙ 1 ∙ 0.98 ∙ 1 ∙ 1 ∙ 581 = 569  mm  
𝑙 , = max(0.3 ∙ 581, 160, 100) = 174  mm  
Use anchorage length 𝑙 , = 570  mm. 
 
Upper reinforcement 𝑅  (at the end support) 
𝑓 = 2.25 ∙ 1 ∙ 1 ∙ 1.35 = 3.05  MPa (assuming good conditions having an anchorage zone bent of 
90°) 
The anchorage length is measured from the line of contact between beam and support. 
𝐹 = ∙

. ∙
= 72  kN   → 𝜎 =

∙ ∙
= 179  MPa   → 𝑙 , =

.
= 235  mm  

𝑐 = min(𝑎/2, 36) = 36 (bent bars) 
𝛼 = 1.0; 𝛼 = 1 − 0.15 ∙ ∙ = 1.11 → 1.0  

𝜆 = ∙ . ∙ = 0.0  and 𝐾 = 0.05 
𝛼 = 1 − 0.05 ∙ 0.0 = 1.0; 𝛼 = 1.0; 𝛼 = 1.0  
𝑙 = 1 ∙ 1 ∙ 1 ∙ 1 ∙ 1 ∙ 235 = 235  mm  
𝑙 , = max(0.3 ∙ 235, 160, 100) = 160  mm  
Use anchorage length 𝑙 , = 240  mm. 
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 Curtailment of the longitudinal reinforcement                 B.1.16
  EC2-Cl.9.2.1.4 

 

Figure B.7. Design tensile force in the reinforcement (Ftd)obtained translating the bending moment tensile 
force for keeping into account the shear force. Tensile resistance of the upper reinforcement (FtRd ,red line) and 
bottom reinforcement (FtRd,, blue line). 

 Anchorage of the shear reinforcement   EC2-Cl.8.5 B.1.17
Anchorage of type a showed in Figure 8.5 of the EC2 are used. The straight length after the bent is 50 
mm long (see Figure B.6). 

 Overlap length of the reinforcement   EC2-Cl.8.7.2 B.1.18
Bottom reinforcement 𝑅  (straight) 
𝛼 = 1.0; 𝑐 = min(129, 53, 53) = 53; 𝛼 = 1 − 0.15 ∙ = 0.71  
assuming to have 3 stirrups over the lap zone: 
𝜆 = ∙ . ∙ = 0.339  and 𝐾 = 0.1 
𝛼 = 1 − 0.1 ∙ 0.339 = 0.97; 𝛼 = 1.0  
Seeing that all the bottom reinforcement of the section is lapped 
𝛼 = 1.5  
𝜎 = 435  MPa   → 𝑙 , =

.
= 642  mm  

𝑙 = 1 ∙ 0.71 ∙ 0.97 ∙ 1 ∙ 1.5 ∙ 642 = 660  mm  
𝑙 , = max{0.3 ∙ 1.5 ∙ 642, 15 ∙ 18, 200} = 289  mm < 𝑙   EC2-Eq.8.11 
Use lap length 𝑙 , = 660  mm. 
Upper reinforcement 𝑅  (straight) 
Having 𝜎 = 0  MPa, the lap length is equal to 𝑙 , : 
𝑙 , = max{0.3 ∙ 1.5 ∙ 0, 15 ∙ 16, 200} = 240  mm < 𝑙  
Use lap length of 240 mm 
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Figure B.8. Bending moment reinforcement for half beam (the reinf. is symmetric). 

 

 Amount of material needed B.1.19
𝑉𝑜𝑙 . . = 2𝜙18 ∙ [(560 + 7900 + 660) ∙ 2] + 1𝜙18 ∙ [(560 + 6900) ∙ 2] + 4𝜙18 ∙ [6900 ∙ 2] +
2𝜙16 ∙ [(240 + 7900 + 240) ∙ 2]2𝜙16 ∙ [1600 ∙ 2] = 5.2 ∙ 10   mm = 0.0052  m   
𝑉𝑜𝑙 = ∙ + ∙ 𝜙8 ∙ 1742 = 42.9 ∙ 10   mm = 0.0429  m   
𝑉𝑜𝑙 = 0.0377 + 0.0052 = 0.0429  m   

→ 𝑊 = 0.0429 ∙ 7850 = 337  kg  
𝑉𝑜𝑙 = 2880 ∙ 200 + 400 ∙ (600 − 200) = 11.88 ∙ 10   mm = 11.88  m   

 Summary Table B.1.20

Summary Table 
Case study 1 r.v. DK FI FR DE IT SE UK 

B.1.1 𝒍/𝒅  15.4 15.4 13 15.4 15.4 15.4 15.4 15.4 
𝒉 𝐦 0.6 0.6 0.7 0.6 0.6 0.6 0.6 0.6 

B.1.2 

𝒈𝐤,𝟏 𝐤𝐍 𝐦⁄  34 34 34 35 34 34 34 34 
𝒈𝐤,𝟐 𝐤𝐍 𝐦⁄  1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 
𝒈𝐤,𝟑 𝐤𝐍 𝐦⁄  1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 
𝒒𝐤,𝟏 𝐤𝐍 𝐦⁄  18 15 15 15 12 18 15 15 
𝒒𝐤,𝟐 𝐤𝐍 𝐦⁄  4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 

B.1.3 
𝜶𝐀,𝐈  0.708 0.708 0.708 0.843 0.708 0.708 0.708 0.952 
𝜶𝐀,𝐈𝐈  0.604 0.604 0.604 0.806 0.708 0.604 0.604 0.904 

B.1.5 
(𝒈 + 𝒒)𝐝,𝐈 𝐤𝐍 𝐦⁄  68.4 65.7 73.1 68.2 63.5 74.5 67.2 74.5 
(𝒈 + 𝒒)𝐝,𝐈𝐈 𝐤𝐍 𝐦⁄  66 64.1 70.6 67.5 63.5 71.8 65 73.4 

𝒈𝐝 𝐤𝐍 𝐦⁄  49.6 49.6 56 49.6 49.6 48.25 49.6 49.6 

B.1.6 

𝜹  0.7 0.7 0.73 0.9 0.91 0.9 0.7 0.7 
𝚫𝑴𝐄𝐝 𝐤𝐍𝐦 15.7 15.2 17.0 16.5 15.6 17.7 15.3 17.2 
𝑴𝐄𝐝,𝐦𝐚𝐱 𝐤𝐍𝐦 394 377 411 354 323 395 387 435 
𝑴𝐄𝐝(𝟖) 𝐤𝐍𝐦 -354 -344 -395 -469 -446 -499 -349 -411 
𝑽𝐄𝐝(𝟎) 𝐤𝐍 232 222 245 220 203 243 228 255 
𝑽𝐄𝐝(𝟖) 𝐤𝐍 -315 -303 -340 -331 -312 -253 -310 -345 

B.1.7 

Strength cl.  C30/37 C35/45 C30/37 C25/30 C30/37 C30/37 C30/37 C40/50 
𝒄𝐦𝐢𝐧,𝐝𝐮𝐫 𝐦𝐦 35 30 30 35 30 35 25 x 
𝒄𝐦𝐢𝐧,𝐛 𝐦𝐦 18 18 18 18 18 18 18 x 
𝒄𝐧𝐨𝐦 𝐦𝐦 45 40 40 45 45 45 35 35 
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Summary Table 
Case study 1 r.v. DK FI FR DE IT SE UK 

𝒅 𝐦𝐦 538 543 643 538 538 538 548 548 
Strength cl.  C20/25 C12/15 C20/25 C20/25 C16/20 C25/30 C20/25 C20/25 
𝒄𝐦𝐢𝐧,𝐝𝐮𝐫 𝐦𝐦 15 10 10 15 10 15 10 x 
𝒄𝐦𝐢𝐧,𝐛 𝐦𝐦 18 18 18 18 18 18 18 x 
𝒄𝐧𝐨𝐦 𝐦𝐦 28 28 28 28 28 28 28 25 
𝒅 𝐦𝐦 555 555 655 555 555 555 555 558 

B.1.8 

Concrete  C30/37 C35/45 C30/37 C25/30 C30/37 C30/37 C30/37 C40/50 
𝒅𝐠 𝐦𝐦 20 20 20 20 20 20 20 20 
𝒇𝐜𝐝 𝐌𝐏𝐚 20.0 24.1 17.0 16.7 17.0 17.0 20.0 22.7 
𝒇𝐜𝐭𝐝 𝐌𝐏𝐚 1.4 1.3 1.2 1.2 1.2 1.2 1.4 1.4 
𝑬𝐜𝐦 𝐆𝐏𝐚 33 34 33 31 33 33 33 35 

Steel  B500C B500C B500C B500C B500C B450C B500C B500C 
𝒇𝐲𝐝 𝐌𝐏𝐚 435 417 435 435 435 391 435 435 
𝜺𝐮𝐝 % 67.5 2.1 10 67.5 25 67.5 67.5 67.5 

B.1.9 

𝑨𝐒,𝐫𝐞𝐪 𝐦𝐦𝟐 1703 1682 1485 1533 1397 1903 1643 1846 
# bars  7 7 6 7 6 8 7 8 
𝛟 𝐦𝐦 18 18 18 18 18 18 18 18 

𝑨𝐒,𝐚𝐝𝐨𝐩𝐭𝐞𝐝 𝐦𝐦𝟐 1781 1781 1527 1781 1527 2036 1781 2036 
𝒙𝐮/𝒅 (ULS)  0.039 0.034 0.035 0.044 0.039 0.044 0.039 0.039 

𝑴𝐑𝐝 𝐤𝐍𝐦 441 398 421 410 352 421 418 478 
𝒔 𝐦𝐦 28 30 39 28 37 21 31 24 

𝒔𝐦𝐢𝐧 𝐦𝐦 25 25 25 25 25 25 25 25 
𝑨𝐬,𝐦𝐢𝐧 𝐦𝐦𝟐 324 361 388 291 603 361 331 399 
𝑨𝐬,𝐦𝐚𝐱 𝐦𝐦𝟐 29’440 29’440 77’6000 29’440 58’880 29’440 736’000 29’440 
𝜷𝟐  0.25 0.25 0.25 0.0 0.25 0.25 0.25 0.25 

# bars  2 2 2 2 2 2 2 2 
𝑨𝐬,𝐞𝐧𝐝 𝐬𝐮𝐩 𝐦𝐦𝟐 509 509 509 509 509 509 509 509 

B.1.10 

𝑨𝐒,𝐫𝐞𝐪 𝐦𝐦𝟐 1591 1585 1496 2238 2103 2666 1566 1839 
# bars  8 8 8 12 11 14 8 9 
𝛟 𝐦𝐦 16 16 16 16 16 16 16 16 

𝑨𝐒,𝐚𝐝𝐨𝐩𝐭𝐞𝐝 𝐦𝐦𝟐 1608 1608 1608 2413 2212 2815 1608 1810 
𝒙𝐮/𝒅 (ULS)  0.200 0.156 0.196 0.368 0.326 0.367 0.200 0.199 

𝜹 ≥ 0.7 0.7 0.73 0.9 0.91 0.90 0.7 0.7 
𝑴𝐑𝐝 𝐤𝐍𝐦 363 349 442 484 475 525 363 409 
𝒔 𝐦𝐦 77 80 80 77 77 77 83 83 

𝒔𝐦𝐢𝐧 𝐦𝐦 25 25 25 25 25 25 25 25 
𝑨𝐬,𝐦𝐢𝐧 𝐦𝐦𝟐 335 369 395 300  372 335 406 
𝑨𝐬,𝐦𝐚𝐱 𝐦𝐦𝟐 17’280 17’280 472’000 17’280 34’560 17’280 432’000 17’280 

B.1.11 

𝜷𝟏  0.15 0.15 0.15 0.15 0.25 0.15 0.15 0.25 
𝑨𝐒,𝐫𝐞𝐪 𝐦𝐦𝟐 248 247 219 223 341 277 243 457 

# bars  2 2 2 2 2 2 2 3 
𝛟 𝐦𝐦 16 16 16 16 16 16 16 16 

𝑨𝐒,𝐚𝐝𝐨𝐩𝐭𝐞𝐝 𝐦𝐦𝟐 402 402 402 402 402 402 402 603 

B.1.12 
𝑽𝐄𝐝(𝒅) 𝐤𝐍 271 261 285 288 271 306 264 297 
𝑽𝐑𝐝,𝐜 𝐤𝐍 79.9 87.4 87.1 75.2 66.6 79.9 80.6 88.7 

𝑽𝐑𝐝,𝐜,𝐦𝐢𝐧 𝐤𝐍 84.3 91.6 95.9 76.9 84.3 84.3 85.4 98.6 

B.1.13 

𝒍 𝐦𝐦 1210 1222 1447 1211 1211 1211 1233 1233 
𝑽𝟏 𝐤𝐍 150 144 140 138 126 153 137 163 
𝑽𝟐 𝐤𝐍 68 65 34 56 50 64 53 71 
𝑽𝟑 𝐤𝐍 73 71 80 88 83 93 72 81 
𝑽𝟒 𝐤𝐍 151 145 128 162 153 174 143 158 
𝑽𝟓 𝐤𝐍 231 224 232 244 229 264 222 250 

𝝆𝐰,𝐦𝐢𝐧  0.0876% 0.0745% 0.0876% 0.0800% 0.0928% 0.0974% 0.0876% 0.1012% 
𝑨𝐬𝐰
𝒔 𝐦𝐢𝐧

 𝐦𝐦 0.3505 0.2982 0.3505 0.3200 0.3712 0.3895 0.3505 0.4048 

𝑽𝐑𝐝𝐬,𝐦𝐢𝐧 𝐤𝐍 184 152 220 168 195 184 188 217 
𝒔𝐫𝐞𝐪 𝐦𝐦 287 337 287 314 271 258 287 248 

𝒔𝐚𝐝𝐨𝐩𝐭𝐞𝐝 𝐦𝐦 280 330 280 310 270 250 280 240 
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Summary Table 
Case study 1 r.v. DK FI FR DE IT SE UK 

𝑽𝐑𝐝𝐬 𝐤𝐍 184 152 220 168 195 184 188 217 
𝑽𝐑𝐝,𝐦𝐚𝐱 𝐤𝐍 705 854 716 601 795 699 718 777 
𝑨𝐬𝐰
𝒔 𝐫𝐞𝐪

 𝐦𝐦 0.4389 0.4400 0.3688 0.4636 0.4351 0.5573 0.4141 0.4663 

𝑨𝐬𝐰
𝒔 𝐦𝐚𝐱

 𝐦𝐦 4.858 6.083 4.129 4.140 5.474 5.352 4.858 5.255 

𝒔𝐫𝐞𝐪 𝐦𝐦 229 228 272 217 231 180 243 216 
𝒔𝐚𝐝𝐨𝐩𝐭𝐞𝐝 𝐦𝐦 220 220 270 210 230 180 240 210 
𝑽𝐑𝐝𝐬 𝐤𝐍 240 233 234 252 230 264 224 257 

𝑽𝐑𝐝,𝐦𝐚𝐱 𝐤𝐍 705 854 716 601 795 699 718 777 

B.1.14 
𝝓𝐦,𝐦𝐢𝐧  (𝟏𝟖) 𝐦𝐦 126 126 126 126 72 126 126 126 
𝝓𝐦,𝐦𝐢𝐧  (𝟏𝟔) 𝐦𝐦 64 64 64 64 64 64 64 64 
𝝓𝐦,𝐦𝐢𝐧  (𝟏𝟖) 𝐦𝐦 32 32 32 32 32 32 32 32 

B.1.15 
(R2) 

𝒇𝐛𝐝 𝐌𝐏𝐚 3.05 2.96 2.59 2.73 2.59 2.59 3.05 3.12 
𝝈𝐬𝐝 𝐌𝐏𝐚 435 416.7 435 435 435 391.3 435 435 
𝒍𝐛,𝐫𝐪𝐝 𝐦𝐦 642 632 756 717 756 680 643 627 

𝜶𝟏, 𝒄𝐝, 𝜶𝟐, 
𝝀,𝑲, 𝜶𝟑, 𝜶𝟒, 

𝜶𝟓 
 

1.0,14, 1.0, 
0.339, 0.05, 
0.98, 1.0, 

1.0 

1.0, 15, 1.0, 
0.339, 0.05, 
0.98, 1.0, 

1.0 

1.0, 20, 
0.99, 0.339, 
0.05, 0.98, 

1.0, 1.0 

1.0, 14, 1.0, 
0.339, 0.05, 
0.98, 1.0, 

1.0 

1.0, 19, 1.0, 
0.339, 0.05, 
0.98, 1.0, 

1.0 

1.0, 11, 1.0, 
0.339, 0.05, 
0.98, 1.0, 

1.0 

1.0, 16, 1.0, 
0.339, 0.05, 
0.98, 1.0, 

1.0 

1.0, 12, 1.0, 
0.339, 0.05, 
0.98, 1.0, 

1.0 
𝒍𝐛𝐝 𝐦𝐦 629 622 734 705 740 669 632 616 
𝒍𝐛,𝐦𝐢𝐧 𝐦𝐦 193 190 227 215 227 204 193 188 

𝒍𝐛𝐝,𝐚𝐝𝐨𝐩𝐭𝐞𝐝 𝐦𝐦 630 630 740 710 740 670 640 620 

B.1.15 
(R1) 

𝝈𝐬𝐝 𝐌𝐏𝐚 426 409 442 412 375 336 394 471 
𝒍𝐛,𝐫𝐪𝐝 𝐦𝐦 629 621 768 678 652 585 583 678 

𝜶𝟏, 𝒄𝐝, 𝜶𝟐, 
𝝀,𝑲, 𝜶𝟑, 𝜶𝟒, 𝒑, 

𝜶𝟓 
 

1.0, 53, 1.0, 
-0.054, 0.05, 

1.0, 1.0, 
2.73, 0.89 

1.0, 48, 1.0, 
-0.054, 0.05, 

1.0, 1.0, 
2.65, 0.89 

1.0,48, 1.0, -
0.054, 0.05, 

1.0, 1.0, 
2.89, 0.88 

1.0, 53, 1.0, 
-0.054, 0.05, 

1.0, 1.0, 
2.61, 0.90 

1.0, 53, 1.0, 
-0.054, 0.05, 

1.0, 1.0, 
2.45, 0.90 

1.0, 37, 1.0, 
-0.054, 0.05, 

1.0, 1.0, 
2.79, 0.89 

1.0, 43, 1.0, 
-0.054, 0.05, 

1.0, 1.0, 
2.65, 0.89 

1.0, 43, 1.0, 
-0.054, 0.05, 

1.0, 1.0, 
3.03, 0.88 

𝒍𝐛𝐝 𝐦𝐦 560 622 770 680 653 586 585 680 
𝒍𝐛,𝐦𝐢𝐧 𝐦𝐦 189 186 230 204 196 180 180 203 

𝒍𝐛𝐝,𝐚𝐝𝐨𝐩𝐭𝐞𝐝 𝐦𝐦 560 630 770 680 660 590 590 680 

B.1.15 
(R5) 

𝝈𝐬𝐝 𝐌𝐏𝐚 443 417 435 437 445 394 443 443 
𝒍𝐛,𝐫𝐪𝐝 𝐦𝐦 581 563 672 640 688 609 582 567 

𝜶𝟏, 𝒄𝐝, 𝜶𝟐, 
𝝀,𝑲, 𝜶𝟑, 𝜶𝟒, 

𝜶𝟓 
 

1.0, 39, 1.0, 
0.496, 0.05, 
0.98, 1.0, 

1.0 

1.0, 36, 1.0, 
0.496, 0.05, 
0.98, 1.0, 

1.0 

1.0, 36, 1.0, 
0.496, 0.05, 
0.98, 1.0, 

1.0 

1.0, 36, 1.0, 
0.496, 0.05, 
0.98, 1.0, 

1.0 

1.0, 36, 1.0, 
0.496, 0.05, 
0.98, 1.0, 

1.0 

1.0, 36, 1.0, 
0.496, 0.05, 
0.98, 1.0, 

1.0 

1.0, 36, 1.0, 
0.496, 0.05, 
0.98, 1.0, 

1.0 

1.0, 33, 1.0, 
0.496, 0.05, 
0.98, 1.0, 

1.0 
𝒍𝐛𝐝 𝐦𝐦 569 549 656 624 671 594 568 553 
𝒍𝐛,𝐦𝐢𝐧 𝐦𝐦 174 169 202 192 206 183 175 170 

𝒍𝐛𝐝,𝐚𝐝𝐨𝐩𝐭𝐞𝐝 𝐦𝐦 570 550 660 630 680 600 570 560 

B.1.15 
(R4) 

𝝈𝐬𝐝 𝐌𝐏𝐚 179 174 160 154 304 174 184 277 
𝒍𝐛,𝐫𝐪𝐝 𝐦𝐦 235 235 248 226 469 269 242 355 

𝜶𝟏, 𝒄𝐝, 𝜶𝟐, 
𝝀,𝑲, 𝜶𝟑, 𝜶𝟒, 

𝜶𝟓 
 

1.0, 36, 1.0, 
0.0, 0.05, 

1.0, 1.0, 1.0 

1.0, 36, 1.0, 
0.0, 0.05, 

1.0, 1.0, 1.0 

1.0, 36, 1.0, 
0.0, 0.05, 

1.0, 1.0, 1.0 

1.0, 36, 1.0, 
0.0, 0.05, 

1.0, 1.0, 1.0 

1.0, 36, 1.0, 
0.0, 0.05, 

1.0, 1.0, 1.0 

1.0, 36, 1.0, 
0.0, 0.05, 

1.0, 1.0, 1.0 

1.0, 36, 1.0, 
0.0, 0.05, 

1.0, 1.0, 1.0 

1.0, 33, 1.0, 
0.0, 0.05, 

1.0, 1.0, 1.0 
𝒍𝐛𝐝 𝐦𝐦 235 235 248 226 469 269 242 355 
𝒍𝐛,𝐦𝐢𝐧 𝐦𝐦 160 160 160 160 160 160 160 160 

𝒍𝐛𝐝,𝐚𝐝𝐨𝐩𝐭𝐞𝐝 𝐦𝐦 240 240 250 230 470 270 250 360 

B.1.16 

𝑹𝟏  𝟑𝛟𝟏𝟖 3ϕ18 3ϕ18 3ϕ18 3ϕ18 4ϕ18 3ϕ18 3ϕ18 

𝑹𝟐  (𝟑 + 𝟒) 
𝛟𝟏𝟖 

(3 + 4) 
ϕ18 

(3 + 3) 
ϕ18 

(3 + 4) 
ϕ18 

(3 + 3) 
ϕ18 

(4 + 4) 
ϕ18 

(3 + 4) 
ϕ18 

(3 + 5) 
ϕ18 

𝑹𝟑  𝟐𝛟𝟏𝟖 2ϕ18 2ϕ18 2ϕ18 2ϕ18 2ϕ18 2ϕ18 2ϕ18 
𝑹𝟒  𝟐𝛟𝟏𝟔 2ϕ16 2ϕ16 2ϕ16 2ϕ16 2ϕ16 2ϕ16 2ϕ16 

𝑹𝟓  (𝟐 + 𝟔) 
𝛟𝟏𝟔 

(2 + 6) 
ϕ16 

(2 + 6) 
ϕ16 

(2 + 10) 
ϕ16 

(2 + 9) 
ϕ16 

(2 + 12) 
ϕ16 

(2 + 6) 
ϕ16 

(2 + 7) 
ϕ16 

B.1.18 
(R1) 

𝝈𝐬𝐝 𝐌𝐏𝐚 435 416.7 435 435 435 391.3 435 435 
𝒍𝐛,𝐫𝐪𝐝 𝐦𝐦 642 632 756 717 756 680 643 627 
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Case study 1 r.v. DK FI FR DE IT SE UK 

𝜶𝟏, 𝒄𝐝, 𝜶𝟐, 
𝝀,𝑲, 𝜶𝟑, 𝜶𝟓, 

𝜶𝟔 
 

1.0, 53, 
0.71, 0.339, 
0.1, 0.97, 

1.0, 1.0,1.5 

1.0, 48, 
0.751, 

0.339, 0.1, 
0.97, 1.0, 
1.0,1.5 

1.0, 48, 
0.75, 0.339, 
0.1, 0.97, 

1.0, 1.0,1.5 

1.0, 53, 
0.71, 0.339, 
0.1, 0.97, 

1.0, 1.0,1.5 

1.0, 53, 
0.71, 0.339, 
0.1, 0.97, 

1.0, 1.0,1.5 

1.0, 53, 
0.71, 0.339, 
0.1, 0.97, 

1.0, 1.0,1.5 

1.0, 43, 
0.79, 0.339, 
0.1, 0.97, 

1.0, 1.0,1.5 

1.0, 43, 
0.79, 0.339, 
0.1, 0.97, 

1.0, 1.0,1.5 

𝒍𝟎 𝐦𝐦 660 458 548 491 518 466 492 479 
𝒍𝟎,𝐦𝐢𝐧 𝐦𝐦 289 285 340 323 340 306 289 282 

𝒍𝟎,𝐚𝐝𝐨𝐩𝐭𝐞𝐝 𝐦𝐦 660 460 550 500 520 470 500 480 

B.1.18 
(R4) 

𝝈𝐬𝐝 𝐌𝐏𝐚 0 0 0 0 0 0 0 0 
𝒍𝟎,𝐦𝐢𝐧 𝐦𝐦 240 240 240 240 240 240 240 240 

𝒍𝟎,𝐚𝐝𝐨𝐩𝐭𝐞𝐝 𝐦𝐦 240 240 240 240 240 240 240 240 

B.1.19 
𝑾𝐬𝐭𝐞𝐞𝐥 kg 337 

0.0 % 
269 

-20.3 % 
317 

-5.8 % 
358 

-6.2 % 
331 

-1.8 % 
417 

+23.9 % 
333 

-1.3 % 
381 

+13.2 % 

𝑽𝒐𝒍𝐜𝐨𝐧𝐜𝐫𝐞𝐭𝐞 𝐦𝟑 11.88 
0.0 % 

11.89 
0.1 % 

12.53 
+5.5 % 

11.88 
0.0 % 

11.88 
0.0 % 

11.87 
-0.1 % 

11.88 
0.0 % 

11.88 
0.0 % 

B.2 Case Study 2 
Design of a reinforced concrete beam with Serviceability Limit State verifications. The beam 

has a span of 10 m, exposure class XC2. The materials used are concrete C20/25 and steel B500C 
(except for It B450C). 

 Actions B.2.1
Permanent: 
- reinforced concrete (25kN m⁄ ) → 𝑔 , = 5.0 kN m⁄  EC1-Table A.1 
- non-structural elements → 𝑔 , = 1.7   kN m⁄   
Variable: 
- variable load 𝑞 , = 4.5   kN m⁄   

 Reduction factor for imposed loads  EC1-Cl.6.3.1.2(10) B.2.2
When the imposed load is on one span: 
𝛼 = 𝜓 + = 0.7 + = 1.167 → 1.0 EC1-Eq.6.1 

 Load combinations  EC0-Cl.6.4.3.2 B.2.3
Combinations of actions for persistent or transient design situations (ULSs): 
Using the less favourable of Equations 6.10a and 6.10b it follows 
(𝑔 + 𝑞) = 1.35 ∙ 6.7 + 1.5 ∙ 0.7 ∙ 4.5 = 13.8     kN m⁄
𝑔 = 1.35 ∙ 6.7 = 9.1     kN m⁄                                                                                             EC0-Eq.6.10a/b 

(𝑔 + 𝑞) = 0.85 ∙ 1.35 ∙ 6.7 + 1.5 ∙ 4.5 = 14.4     kN m⁄
𝑔 = 0.85 ∙ 1.35 ∙ 6.7 = 7.7     kN m⁄                                                                           

value used: 
(𝑔 + 𝑞) = 14.4   kN m  ⁄   
Characteristic combination of actions (SLSs): 
𝑔 + 𝑞 = 6.7 + 4.5 = 11.2     kN m⁄   
Quasi-permanent combination of actions: 
𝑔 + 𝜓 , 𝑞 = 6.7 + 0.3 ∙ 4.5 = 8.1     kN m⁄   
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 Analysis  EC2-Cl.5.4 B.2.4
Linear elastic analysis gives the following results 

  
Figure B.0.9. Bending Moment (M) and Shear Force (V) diagrams 

 Durability  EC2-Section 4 B.2.5
Exposure class: XC2 
Indicative minimum strength class: C25/30 
𝑐 , = 25  mm  (structural class S4, design working life 50 years)  EC2-Table 4.4N 
𝑐 , = 20  mm  EC2-Table 4.2 
𝑐 = max{20; 35 + 0 − 0 − 0; 10  } = 25  mm  EC2-Eq.4.2 
using ϕ , = 20  mm and ϕ = 8  mm it follows: 
𝑐 = 25 + 10 = 35  mm  EC2-Eq.4.1 
effective depth: 𝑑 = 500 − 35 − 8 − = 447  mm (with stirrups) 
 𝑑 = 500 − 35 − = 455  mm (without stirrups) 

 Materials EC2-Section 3 B.2.6
Concrete 25/30, maximum aggregate size 𝑑 = 20  mm: 
𝑓 = 25  MPa  ; 𝑓 = 0.3 ∙ 25 ⁄ = 2.56  MPa; 𝐸 = 30  GPa; 𝑓 = 1.8  MPa;  EC2-Table 3.1 
 𝜀 = 0.2  %; 𝜀 = 0.35  %. 
𝛾 = 1.5; 𝛼 = 1.00  EC2-Table 2.1N 
Design properties: 
𝑓 = 1.00

.
= 16.7  MPa  EC2-Eq.3.15 

𝑓 = 1.00 .
.
= 1.2  MPa  EC2-Eq.3.16 

Steel B500C: 
𝑓 = 500  MPa  ; 𝑘 = 1.10; 𝐸 = 200  GPa; 𝜀 = 7.5  %; 
𝛾 = 1.15  EC2-Table 2.1N 
Design properties: 
𝑓 =

.
= 435  MPa  

𝜀 = 6.75  %  EC2-Cl.3.3.6(7) 

 Mid span section reinforcement  B.2.7
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𝑀 = 108.5  kNm   → 𝜇 = . ∙
∙ ∙ .

= 0.1308  
𝜔 = 1 − 1 − 2𝜇 = 1 − √1 − 2 ∙ 0.1308 = 0.1407  
𝐴 , = . ∙

. = 981.3  mm   

The requested area is covered by 4 bars with ϕ = 20  mm, but it has been checked that 5 bars are 
necessary for fulfil all the SLS verifications 𝐴 , = 5𝜙20 = 1257  mm   
Verification 
At the ULS, the maximum strain of concrete is 0.35 %: 
Assuming = 0.267 it follows: 𝑥 = 121.7  mm; 𝜀 = 0.96% →  𝜎 = 439.9  MPa 
the compression and tension resultant are: 
𝐶 = 553.0  kN;𝑇 = −553.0  kN   →   𝐶 − 𝑇 ≃ 0  

𝑀 = 224.7  kNm > 108.5  kNm 
The area of bottom reinforcement provided at the end supports with little or no end fixity assumed 
in design, should be at least 𝛽 = 0.25 of the area of steel provided in the span. So, at least 2 bars 
should be prolonged at the supports (𝐴 , = 2 ∙ 9 ∙ 𝜋 = 509  mm ).  EC2-Cl.9.2.1.4(1) 

 Upper reinforcement  B.2.8
The upper reinforcement needed for stirrups and for the negative bending moment at the beam-
ends arising from partial fixity as required in Cl.9.2.1.2(1) of EC2 (is chose equal to 𝐴′ = 2𝜙20 =
628  mm   

 Shear resistance without shear reinforcement  EC2-Cl.6.2.2 B.2.9
𝑉 , = 72.2  kN (shear force at a distance 𝑑 from the face of the support) 

𝑘 = 1 + = 1.66;  𝜌 =
∙

∙
= 0.0086  

𝑉 , =
.
.
1.66(100 ∙ 0.00200864 ∙ 25) 400 ∙ 455 = 101.1  kN > 72.2  kN  EC2-Eq.6.2a 

𝑉 , , = 0.035 ∙ 1.66 √25 400 ∙ 455 = 68.3  kN  EC2-Eq.6.2b 
The beam does not require the shear reinforcement. 

 Stress limitation  EC2-Cl.7.2 B.2.10
In the calculation of stresses and deflections, cross-sections are assumed to be uncracked when the 
flexural tensile stress does not exceed 𝑓 , .  EC2-Cl.7.1(2) 
At the initial time 𝑡 = 60  days (Quasi-permanent situation - QP)   
𝑀 , = 100.6  kNm  
The homogenisation factor is equal to 𝑛 = = 6.67 
The centroid of the homogenised section lie at 𝑦 = 125.7  mm from the upper side of the section 
giving an homogenised second moment of inertia equal to 𝐽 , = 1.424 ∙ 10   mm  (the section is 
cracked). 
The stress in the concrete and in the reinforcement are equal to: 
 𝜎 (𝑡 ) = . ∙

. ∙
125.7 = 8.89  MPa <   𝑘 𝑓 = 0.45 ∙ 25 = 11.25  MPa   

 → linear  creep  can  be  assumed  EC2-Cl.7.2(3) 
𝜎 (𝑡 ) = 6.67 . ∙

. ∙
(455 − 125.7) = 155.2  MPa  

At the initial time 𝑡 = 60  days (Characteristic situation - CH)   
𝑀 , = 140.0  kNm  
With the symbols that have the same meaning as before 
𝑛 = = 6.67  
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𝑦 = 125.7  mm; 𝐽 , = 1.424 ∙ 10   mm  (the section is cracked). 
𝜎 (𝑡 ) = . ∙

. ∙
125.7 = 12.36  MPa <   𝑘 𝑓 = 0.6 ∙ 25 = 15  MPa      EC2-Cl.7.2(2) 

𝜎 (𝑡 ) = 6.67 ∙
. ∙

(455 − 125.7) = 215.9  MPa <   𝑘 𝑓 = 0.8 ∙ 500 = 400  MPa     
 EC2-Cl.7.2(5) 
At the time 𝑡 = ∞ (Quasi-permanent situation - QP)   
𝑀 , = 100.6  kNm  
The effective modulus of elasticity for concrete is: 
Having the notional size ℎ = 2 ∙ ∙ = 222 and the relative humidity equal to 80% it follows that 
𝜑(∞, 𝑡 ) = 2.2 for outside conditions EC2-Figure 3.1 
𝐸 , =

( , )
=

.
= 9375  MPa  EC2-Eq.7.20 

𝑛 =
.

= 21.3  
𝑦 = 188.4  mm; 𝐽 , = 3.536 ∙ 10   mm  (the section is cracked). 
The stress in the concrete and in the reinforcement are equal to: 
 𝜎 (𝑡 ) = . ∙

. ∙
188.4 = 5.36  MPa <   𝑘 𝑓 = 0.45 ∙ 25 = 11.25  MPa   

 → linear  creep  can  be  assumed  EC2-Cl.7.2(3) 
𝜎 (𝑡 ) = 21.3 . ∙

. ∙
(455 − 188.4) = 161.8  MPa  

At the time 𝑡 = ∞  (Characteristic situation - CH)   
𝑀 , = 140.0  kNm  
With the symbols that have the same meaning as before 
𝑛 is taken equal to 15 
𝑦 = 168.4  mm; 𝐽 , = 2.706 ∙ 10   mm  (the section is cracked). 
𝜎 (𝑡 ) = . ∙

. ∙
168.4 = 8.71  MPa <   𝑘 𝑓 = 0.6 ∙ 25 = 15  MPa      EC2-Cl.7.2(2) 

𝜎 (𝑡 ) = 15 ∙
. ∙

(455 − 168.4) = 222.4  MPa <   𝑘 𝑓 = 0.8 ∙ 500 = 400  MPa     
 EC2-Cl.7.2(5) 

 
 

 

 
Figure B.10. Stress distribution over the cross-sections for Characteristic and Quasi-permanent design 

load. [all the stresses are in MPa]. 

 Minimum reinforcement area  EC2-Cl.7.3.2 B.2.11
𝑘 = 0.4  for pure bending; 𝑘 =  1.0; 𝑓 , = 𝑓 = 2.56  MPa  
𝐴 ≃   400 ∙ 500 = 100000  mm ; 𝜎 = 0.9 ∙ 500 = 450  MPa 
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𝐴 , = , = 228  mm <   𝐴 , = 1257  mm   EC2-Eq.7.1 

 Control of cracking without direct calculation  EC2-Cl.7.3.3 B.2.12
The steel stresses under the QP combination of action are: 
𝜎 (𝑡 ) = 155.2  MPa  and 𝜎 (𝑡 ) = 161.8  MPa  
The maximum crack width for exposure class XC2 is 𝑤 = 0.3  mm  EC2-Table 7.1N 
The maximum bar diameter is 𝜙∗ = 31  mm EC2-Table 7.2N 
The modified bar diameter is 𝜙 = 31 ∙ .

.
. ∙ .

( ) = 29.8 → 28  mm EC2-Eq. 7.6N 

Maximum distance between bars for crack controls: 𝑠 = 300  mm > 𝑠 = 58  mm   
 EC2-Table 7.3N 

 Calculation of crack widths EC2-Cl.7.3.4 B.2.13
The verification is done under the QP combination of actions 
𝑘 = 0.8;  𝑘 = 0.5;  k = 3.4; 𝑘 = 0.425; ℎ , = min 2.5(ℎ − 𝑑); ; ℎ = 112.5  mm;  

𝜌 =
. ∙

= 0.0349  

𝑠 , = 𝑘 𝑐 + 𝑘 𝑘 𝑘 = 3.4 ∙ 35 + 0.8 ∙ 0.5 ∙ 0.425
.

= 216.4  mm  EC2-Eq.7.11 
𝑘 (𝑡 ) = 0.6;    𝑘 (𝑡 ) = 0.4  
At the initial time 𝑡  

(𝜀 − 𝜀 ) =
. . .

.
( . ∙ . )

= 0.504 ∙ 10 ≥ 0.6 . = 0.466 ∙ 10    
 EC2-Eq.7.9 
𝑤 = 216.4 ∙ 0.504 ∙ 10 = 0.11  mm < 0.3  mm  
At the final time 𝑡  

(𝜀 − 𝜀 ) =
. . .

.
( . ∙ . )

= 0.553 ∙ 10 ≥ 0.6 . = 0.485 ∙ 10   
𝑤 = 216.4 ∙ 0.553 ∙ 10 = 0.12  mm < 0.3  mm  

 Deflection control EC2-Cl.7.4.3 B.2.14
Under the QP combination of actions the maximum deflection is 𝑓 = = 40  mm 
At the initial time 𝑡  
Uncracked section ( 𝐽 , = 4.685 ∙ 10   mm , 𝑦 , = 244.8  mm  from  the  bottom): 
𝑓 (𝑡 ) = . ∙

∙ . ∙
= 7.5  mm  

Cracked section ( 𝐽 , = 1.424 ∙ 10   mm ): 
𝑓 (𝑡 ) = . ∙

∙ . ∙
= 24.5  mm  

𝛽 = 1.0 (for short term loading) 
𝜎 (𝑡 ) = 155.2  MPa  
𝑀 = . ∙ . ∙

.
= 49.1  kNm  

𝜎 = 6.67 . ∙
. ∙

(455 − 125.7) = 75.7  MPa  
𝜁 = 1 − 1.0(75.7 155.2⁄ ) = 0.76  EC2-Eq.7.19 
𝑓 , (𝑡 ) = 0.76 ∙ 24.5 + (1 − 0.76)7.5 = 20.5  mm < 40 mm EC2-Eq.7.18 
 At the initial time 𝑡  
Uncracked section ( 𝐽 , = 5.983 ∙ 10   mm , 𝑦 , = 233.9  mm  from  the  bottom): 
𝑓 (𝑡 ) = . ∙

∙ . ∙
= 18.7  mm  

Cracked section ( 𝐽 , = 3.536 ∙ 10   mm ): 
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𝑓 (𝑡 ) = . ∙
∙ . ∙

= 31.6  mm  
𝛽 = 0.5 (for sustained loas) 
𝜎 (𝑡 ) = 161.8  MPa   
𝜁 = 1 − 0.5(75.7 161.8⁄ ) = 0.89  
𝑓 , (𝑡 ) = 0.89 ∙ 31.6 + (1 − 0.89)18.7 = 30.2  mm  
Shrinkage curvature 
𝜀 , = 0.0003  EC2-Table 3.2 
𝑘 = 0.83  EC2-Table 3.3 
𝜀 , = 0.0003 ∙ 0.83 = 0.000249  EC2-Cl. 3.1.4(6) 
𝜀 (∞) = 2.5(25 − 10)10 = 0.375 ∙ 10   EC2-Eq.3.12 
𝜀 , = 0.00249 + 0.37 ∙ 10 = 0.00029  EC2-Eq.3.8 
1 𝑟⁄ , = 0.00253 ∙ 21.3 ∙ . ∙

. ∙
= 1.613 ∙ 10    ∙ mm   

1 𝑟⁄ , = 0.00253 ∙ 21.3 ∙ . ∙
. ∙

= 5.680 ∙ 10    ∙ mm   
1 𝑟⁄ , = 0.89 ∙ 5.680 ∙ 10 + (1 − 0.89)1.613 ∙ 10 = 5.235 ∙ 10   mm   

𝑓 , (𝑡 ) = 5.235 ∙ 10 = 6.5  mm  
𝑓 (𝑡 ) = 30.2 + 6.5 = 36.7  mm < 40 mm 

 Further calculations B.2.15
Using an excel sheet for doing the calculations, the maximum variable load that satisfy all the SLSs 
has been determined keeping the cross-section and the reinforcement equal for all countries. In 
particular the section has been kept 400x500 mm, while the bottom reinforcement is 5𝜙20 and the 
upper reinf. is 2𝜙20. For Italy has been kept into account an equivalent reinforcement determined 
multiplying the normal reinforcement by the factor 500 450⁄  for keeping into account the lower 
limit of yield strength. The maximum variable load is equal to: 
𝑞 , = 6.88  kNm  
With the same reinforcement, it has been determined the minimum depth of the beam that satisfy 
all the SLSs with a variable load of 8.00 kNm. The minimum depth of the section is equal to: 
ℎ = 522  mm  
The last simulation has been done keeping the cross section dimension fixed (400x500 mm), 
determining the reinforcement needed for satisfy all the SLSs under a variable load of 10.00 kNm. 
Using 7𝜙22 at the bottom (that is the maximum number of bars for respect the minimum space 
between bars ) it has been found that the upper reinforcement should be composed by 5𝜙20 
(𝐴′ = 1571  mm ) and stirrups are required for this load. 

 Summary table B.2.16

Summary Table  
Case study 2 r.v. DK FI FR DE IT SE UK 

B.2.1 
𝐠𝐤,𝟏 𝐤𝐍 𝐦⁄  5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
𝐠𝐤,𝟐 𝐤𝐍 𝐦⁄  1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 
𝐪𝐤,𝟏 𝐤𝐍 𝐦⁄  4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

B.2.2 𝛂𝐀  1.0 1 1 1 1 1 1 0.985 

B.2.3 
(𝐠 + 𝐪)𝐝 𝐤𝐍 𝐦⁄  14.4 14.4 15.9 14.4 14.4 15.8 14.8 15.0 
𝐠𝐤 + 𝐪𝐤 𝐤𝐍 𝐦⁄  11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 

𝐠𝐤 + 𝛙𝟐,𝟏𝐪𝐤 𝐤𝐍 𝐦⁄  8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 

B.2.4 
𝐌𝐄𝐝,𝐦𝐚𝐱 𝐤𝐍𝐦 180.5 180.5 198.8 180.5 180.5 197.5 185.0 187.7 
𝐕𝐄𝐝(𝟎) 𝐤𝐍 72.2 72.2 79.5 72.2 72.2 79.0 74.0 75.1 
𝐕𝐄𝐝(𝟏𝟎) 𝐤𝐍 -72.2 -72.2 -79.5 -72.2 -72.2 -79.0 -74.0 -75.1 

B.2.5 
Minimum 

Strength cl.  C25/30 C25/30 C25/30 C20/25 C16/20 C25/30 C25/30 C25/30 

𝐜𝐦𝐢𝐧,𝐝𝐮𝐫 𝐦𝐦 25 20 20 25 20 25 20 x 
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Summary Table  
Case study 2 r.v. DK FI FR DE IT SE UK 

𝐜𝐦𝐢𝐧,𝐛 𝐦𝐦 20 20 20 20 20 20 20 x 
𝐜𝐧𝐨𝐦 𝐦𝐦 35 30 30 35 30 35 30 35 
𝐝 𝐦𝐦 455 (447) 460 (452) 460 (452) 455 (447) 460 (452) 455 (447) 460 (452) 455 (447) 

B.2.6 

Concrete  C25/30 C25/30 C25/30 C20/25 C16/20 C25/30 C25/30 C25/30 
𝐝𝐠 𝐦𝐦 20 20 20 20 20 20 20 20 
𝐟𝐜𝐝 𝐌𝐏𝐚 16.7 17.2 14.2 16.7 14.2 14.2 16.7 14.2 
𝐟𝐜𝐭𝐝 𝐌𝐏𝐚 1.2 1.1 1.0 1.2 1.0 1.0 1.2 1.0 
𝐄𝐜𝐦 𝐆𝐏𝐚 30 30 30 30 30 30 30 30 

Steel  B500C B500C B500C B500C B500C B450C B500C B500C 
𝐟𝐲𝐝 𝐌𝐏𝐚 435 417 435 435 435 391 435 435 
𝛆𝐮𝐝 % 6.75 0.21 1.00 6.75 2.50 6.75 6.75 6.75 

B.2.7 

𝐀𝐒,𝐫𝐞𝐪 𝐦𝐦𝟐 981.3 1008.4 1093.5 981.3 983.0 1222.7 995.2 1040.0 
# bars  5 5 5 5 5 5.55 5 5 
𝛟 𝐦𝐦 20 20 20 20 20 20 20 20 

𝐀𝐒,𝐚𝐝𝐨𝐩𝐭𝐞𝐝 𝐦𝐦𝟐 1571 1571 1571 1571 1571 1571 1571 1571 
𝐱𝐮/𝐝 (ULS)  0.267 0.259 0.346 0.284 0.334 0.300 0.281 0.333 

𝐌𝐑𝐝 𝐤𝐍𝐦 224.7 270.0 286.3 278.4 278 248.3 281.9 271.5 
𝛃𝟐  0.25 0.25 0.25 0.00 0.25 0.25 0.25 0.25 

# bars  2 2 2 2 2 2 2 2 
𝐀𝐬,𝐞𝐧𝐝 𝐬𝐮𝐩 𝐦𝐦𝟐 509 509 509 509 509 509 509 509 

B.2.8 
# bars  2 2 2 2 2 2 2 2 
𝛟 𝐦𝐦 20 20 20 20 20 20 20 20 

𝐀𝐒,𝐚𝐝𝐨𝐩𝐭𝐞𝐝 𝐦𝐦𝟐 628 628 628 628 628 628 628 628 

B.2.9 
𝐕𝐑𝐝,𝐜 𝐤𝐍 101.1 105.1 101.6 101.1 84.7 101.1 101.6 101.1 

𝐕𝐑𝐝,𝐜,𝐦𝐢𝐧 𝐤𝐍 68.3 68.8 68.8 68.3 68.8 68.3 68.8 68.3 

B.2.10 
(𝐐𝐏, 𝐭𝟎) 

𝐌𝐄𝐝𝐦𝐚𝐱,𝐐𝐏 𝐤𝐍𝐦 100.6 100.6 100.6 100.6 100.6 100.6 100.6 100.6 
𝐧  6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67 
𝐲𝐜 𝐦𝐦 125.7 126.3 126.3 125.7 126.3 125.7 126.3 125.7 

 𝐉𝐱,𝐡𝐨𝐦 𝐦𝐦𝟒 1.424E+9 1.461 E+9 1.461 E+9 1.424 E+9 1.461 E+9 1.424 E+9 1.461 E+9 1.424 E+9 
𝛔𝐜
𝐐𝐏(𝐭𝟎) 𝐌𝐏𝐚 8.89 8.69 8.69 8.89 8.69 8.89 8.69 8.89 
𝐤𝟐𝐟𝐜𝐤 𝐌𝐏𝐚 11.25 11.25 11.25 11.25 11.25 11.25 11.25 11.25 

𝐜𝐫𝐞𝐞𝐩  𝐦𝐨𝐝𝐞𝐥  Linear Linear Linear Linear Linear Linear Linear Linear 
𝛔𝐬
𝐐𝐏(𝐭𝟎) 𝐌𝐏𝐚 155.2 153.2 153.2 155.2 153.2 155.2 153.2 155.2 

B.2.10 
(𝐂𝐇, 𝐭𝟎) 

𝐌𝐄𝐝𝐦𝐚𝐱,𝐂𝐇 𝐤𝐍𝐦 140.0 140.0 140.0 140.0 140.0 140.0 140.0 140.0 
𝛔𝐜𝐂𝐇(𝐭𝟎) 𝐌𝐏𝐚 12.36 12.10 12.10 12.36 12.10 12.36 12.10 12.36 
𝐤𝟏𝐟𝐜𝐤 𝐌𝐏𝐚 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 
𝛔𝐬𝐂𝐇(𝐭𝟎) 𝐌𝐏𝐚 215.9 213.2 213.2 215.9 213.2 215.9 213.2 215.9 
𝐤𝟑𝐟𝐲𝐤 𝐌𝐏𝐚 400 400 300 400 400 360 500 400 

B.2.10 
(𝐐𝐏, 𝐭  

𝐡𝟎 𝐦𝐦 222 222 222 222 222 222 222 222 
𝛗(∞, 𝐭𝟎)  2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 
𝐄𝐜,𝐞𝐟𝐟 𝐌𝐏𝐚 9375 9375 9375 9375 9375 9375 9375 9375 
𝐧  21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 
𝐲𝐜 𝐦𝐦 188.4 189.3 189.3 188.4 189.3 188.4 189.3 188.4 

 𝐉𝐱,𝐡𝐨𝐦 𝐦𝐦𝟒 3.536E+9 3.645 E+9 3.645 E+9 3.536 E+9 3.645 E+9 3.536 E+9 3.645 E+9 3.536 E+9 
𝛔𝐜
𝐐𝐏(𝐭 ) 𝐌𝐏𝐚 5.36 5.23 5.23 5.36 5.23 5.36 5.23 5.36 
𝐤𝟐𝐟𝐜𝐤 𝐌𝐏𝐚 11.25 11.25 11.25 11.25 11.25 11.25 11.25 11.25 

𝐜𝐫𝐞𝐞𝐩  𝐦𝐨𝐝𝐞𝐥  Linear Linear Linear Linear Linear Linear Linear Linear 
𝛔𝐬
𝐐𝐏(𝐭 ) 𝐌𝐏𝐚 161.8 159.4 159.4 161.8 159.4 161.8 159.4 161.8 

B.2.10 
(𝐂𝐇, 𝐭  

𝛔𝐜𝐂𝐇(𝐭 ) 𝐌𝐏𝐚 8.71 8.50 8.50 8.71 8.50 8.71 8.50 8.71 
𝐤𝟏𝐟𝐜𝐤 𝐌𝐏𝐚 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 

𝛔𝐬𝐂𝐇(𝐭 ) 𝐌𝐏𝐚 222.4 219.3 219.3 222.4 219.3 222.4 219.3 222.4 
𝐤𝟑𝐟𝐲𝐤 𝐌𝐏𝐚 400 400 300 400 400 360 500 400 

B.2.11 

𝐤𝐜  0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
𝐤  1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
𝐀𝐜𝐭 𝐦𝐦𝟐 100000 100000 100000 100000 100000 100000 100000 100000 
𝛔𝐬 𝐌𝐏𝐚 450 450 450 450 450 405 450 450 

𝐀𝐬,𝐦𝐢𝐧 𝐦𝐦𝟐 228.0 228.0 228.0 228.0 228.0 253.3 228.0 228.0 
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Summary Table  
Case study 2 r.v. DK FI FR DE IT SE UK 

B.2.12 

𝐰𝐦𝐚𝐱 𝐦𝐦 0.3 0.4 0.3 0.3 0.3 0.3 0.4 0.3 
𝛟𝐬
∗ 𝐦𝐦 31 40 31 31 31 31 40 31 

𝛟𝐬  𝐦𝐦 30 43 34 30 34 30 43 30 
 𝐬𝐦𝐚𝐱  235 270 287 235 235 285 270 285 
𝐬 𝐦𝐦 54 81 81 78 81 78 81 78 

B.2.13 

𝐤𝟏  0.8 0.8 0.8 0.8 1 0.8 0.8 0.8 
𝐤𝟐  0.5 0.5 0.5 0.5 1 0.5 0.5 0.5 
𝐤𝟑  3.4 3.4 3.4 2.7 0.0 3.4 4.7 3.4 
𝐤𝟒  0.425 0.425 0.425 0.425 0.28 0.425 0.425 0.425 
𝐡𝐜,𝐞𝐟  112.5 100 100 112.5 100 112.5 100 112.5 
𝛒𝐞𝐟𝐟  0.0349 0.0393 0.0393 0.0349 0.0393 0.0349 0.0393 0.0349 
𝐬𝐫,𝐦𝐚𝐱 𝐦𝐦 216.4 188.6 188.6 192.5 141.5 216.4 226.6 216.4 
𝐤𝐭(𝐭𝟎)  0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 
𝐤𝐭(𝐭 )  0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

𝛆𝐬𝐦 − 𝛆𝐜𝐦(𝐭𝟎)  0.504E-3 0.519E-3 0.519E-3 0.504E-3 0.519E-3 0.504E-3 0.519E-3 0.504E-3 
𝐰𝐤 𝐦𝐦 0.11 0.10 0.10 0.10 0.07 0.11 0.12 0.11 

𝛆𝐬𝐦 − 𝛆𝐜𝐦(𝐭 )  0.553E-3 0.557E-3 0.557E-3 0.553E-3 0.557E-3 0.553E-3 0.557E-3 0.553E-3 
𝐰𝐤 𝐦𝐦 0.12 0.11 0.11 0.11 0.08 0.12 0.13 0.12 

B.2.14 
(𝐭𝟎) 

 𝐉𝐱,𝐡𝐨𝐦 𝐦𝐦𝟒 4.685E9 4.710E9 4.710E9 4.685E9 4.710E9 4.685E9 4.710E9 4.685E9 
𝐲𝐜,𝐡𝐨𝐦 𝐦𝐦 244.8 244.7 244.7 244.8 244.7 244.8 244.7 244.8 
𝐟𝐈(𝐭𝟎) 𝐦𝐦 7.5 7.4 7.4 7.5 7.4 7.5 7.4 7.5 
𝐟𝐈𝐈(𝐭𝟎) 𝐦𝐦 24.5 23.9 23.9 24.5 23.9 24.5 23.9 24.5 
𝛃  1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
𝐌𝐜𝐫 𝐤𝐍𝐦 49.1 49.4 49.4 49.1 49.4 49.1 49.4 49.1 
𝛔𝐬𝐫 𝐌𝐏𝐚 75.7 75.2 75.2 75.7 75.2 75.7 75.2 75.7 
𝛇  0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 

𝐟𝐦𝐚𝐱,𝐥𝐨𝐚𝐝(𝐭𝟎) 𝐦𝐦 20.5 19.9 19.9 20.5 19.9 20.5 19.9 20.5 

B.2.14 
(𝐭 ) 

 

 𝐉𝐱,𝐡𝐨𝐦 𝐦𝐦𝟒 5.983E9 6.072E9 6.072E9 5.983E9 6.072E9 5.983E9 6.072E9 5.983E9 
𝐲𝐜,𝐡𝐨𝐦 𝐦𝐦 233.9 233.6 233.6 233.9 233.6 233.9 233.6 233.9 
𝐟𝐈(𝐭 ) 𝐦𝐦 18.7 18.4 18.4 18.7 18.4 18.7 18.4 18.7 
𝐟𝐈𝐈(𝐭 ) 𝐦𝐦 31.6 30.7 30.7 31.6 30.7 31.6 30.7 31.6 
𝛃  0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
𝛇  0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 

𝐟𝐦𝐚𝐱,𝐥𝐨𝐚𝐝(𝐭 ) 𝐦𝐦 30.2 29.3 29.3 30.2 29.3 30.2 29.3 30.2 
𝛆𝐜𝐝,𝟎  0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 
𝐤𝐡  0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 
𝛆𝐜𝐝,   0.000249 0.000249 0.000249 0.000249 0.000249 0.000249 0.000249 0.000249 
𝛆𝐜𝐚(∞)  0.375E-4 0.375E-4 0.375E-4 0.375E-4 0.375E-4 0.375E-4 0.375E-4 0.375E-4 
𝛆𝐜𝐬,   0.00029 0.00029 0.00029 0.00029 0.00029 0.00029 0.00029 0.00029 
𝟏 𝐫⁄ 𝐈,  𝐦𝐦 𝟏 1.613E-7 1.628E-7 1.628E-7 1.613E-7 1.628E-7 1.613E-7 1.628E-7 1.613E-7 
𝟏 𝐫⁄ 𝐈𝐈,  𝐦𝐦 𝟏 5.680E-7 5.558E-7 5.558E-7 5.680E-7 5.558E-7 5.680E-7 5.558E-7 5.680E-7 

𝟏 𝐫⁄ 𝐬𝐡𝐫𝐢𝐧𝐤𝐚𝐠𝐞,  𝐦𝐦 𝟏 5.235E-7 5.121E-7 5.121E-7 5.235E-7 5.121E-7 5.235E-7 5.121E-7 5.235E-7 
𝐟𝐦𝐚𝐱,𝐬𝐡𝐫𝐢𝐧𝐜𝐚𝐠𝐞(𝐭 ) 𝐦𝐦 6.5 6.4 6.4 6.5 6.4 6.5 6.4 6.5 

𝐟𝐦𝐚𝐱(𝐭 ) 𝐦𝐦 36.7 35.7 35.7 36.7 35.7 36.7 35.7 36.7 

B.2.15 

𝐪𝐤,𝐦𝐚𝐱 𝐤𝐍𝐦 6.88 
0.0 % 

6.71 
-2.5 7. % 

7.18 
+4.4 % 

6.35 
-7.7 % 

6.52 
-5.2 % 

7.42 
+7.8 % 

6.71 
-2.5 % 

6.88 
0.0 % 

𝐡𝐦𝐢𝐧 𝐦𝐦 522 
0.0 % 

516 
-1.1 5 

526 
+0.8 5 

522 
0.0 % 

526 
+0.8 % 

521 
- 0.2 % 

516 
-1.1 % 

522 
0.0 % 

Shear reinf  Not 
required Not required Required Not required Required Required Not required Not required 

𝐀′𝐬 𝐦𝐦𝟐 1571 
0.0 % 

1257 
-20.0 % 

1257 
-20.0 % 

1571 
0.0 % 

1257 
-20.0 % 

1571 
0.0 % 

1257 
-20.0 % 

1571 
0.0 % 

 



 

B-21 

B.3 Case study 3 

Design of an isolated column with both the simplified methods: method based on the nominal 
stiffness (EC2-Cl.5.8.7) and method based on the nominal curvature (EC2-Cl.5.8.8). 

 Actions B.3.1
Characteristic loads acting at the top of the column: 
- structural load: 𝐺 , = 1400  kN 
- non-structural load: 𝐺 , = 600  kN  
- variable load: 𝑄 , = 400  kN  
Eccentricity: 
𝑒 = 150  mm  
Horizontal force: 
H = 130  kN    

 Load combination  EC0-Cl.6.4.3.2 B.3.2
Design loads at ULS: 
Using the less favourable of Equations 6.10a and 6.10b: 
𝑁 = 1.35 ∙ 2000 + 1.5 ∙ 0.7 ∙ 400 = 3120  kN  EC0-Eq.6.10a/b 
𝐻 = 1.50 ∙ 130 = 195  kN  
Design loads at the SLS (Quasi-permanent design situation):  
𝑁 = 2000 + 0.3 ∙ 400 = 2120  kN  
𝐻 = 0.3 ∙ 130 = 39  kN  

 Durability  EC2- Section 4 B.3.3
Exposure class: XD1 
Indicative minimum strength class: C30/37 
𝑐 , = 35  mm  (structural class S4, design working life 50 years)  EC2-Table 4.4N 
𝑐 , = ϕ   mm  EC2-Table 4.2 
𝑐 = max{ϕ ; 35 + 0 − 0 − 0; 10  } = 35  mm (ϕ < 35  mm)  EC2-Eq.4.2 
using ϕ = 28  mm and ϕ = 8  mm it follows: 
𝑐 = 35 + 10 = 45  mm  EC2-Eq.4.1 
𝑑 = 45 + 8 + = 67  mm  

 Materials EC2-Section 3 B.3.4
Concrete C30/37, maximum aggregate size 𝑑 = 20  mm: 
𝑓 = 30  MPa  ; 𝑓 = 2.90  MPa; 𝐸 = 32.8  GPa; 𝑓 = 2.03  MPa;  EC2-Table 3.1 
 𝜀 = 0.2  %; 𝜀 = 0.35  %. 
𝛾 = 1.5; 𝛼 = 1.00  EC2-Table 2.1N 
Design properties: 
𝑓 = 1.00

.
= 20.0  MPa  EC2-Eq.3.15 

𝑓 = 1.00 .
.
= 1.35  MPa  EC2-Eq.3.16 

Steel B500C: 
𝑓 = 500  MPa  ; 𝑘 = 1.10; 𝐸 = 200  GPa; 𝜀 = 7.5  %; 
𝛾 = 1.15  EC2-Table 2.1N 
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Design properties: 
𝑓 =

.
= 435  MPa  

𝜀 = 6.75  %  EC2-Cl.3.3.6(7) 

 Slenderness and effective length  EC2-Cl.5.8.3.1 B.3.5
𝑘 = 0.1 (fixed end) and 𝑘 = ∞ (free end) 

𝑙 = 𝑙 ∙ max 1 + 10 ∙ ; 1 + ∙ 1 + = 6000 ∙ max{1.41; 2.18} = 13091  mm   

 EC2-Eq.5.16 
Slenderness in both directions: 
𝜆 =

√⁄
= 56.69; 𝜆 =

√⁄
= 75.58 EC2-Eq.5.14 

 Geometric imperfections  EC2-Cl.5.2(5) B.3.6

𝜃 = 1/200; 𝛼 =
√
= 0.82; 𝛼 = 0.5 ∙ 1 + = 1.00  

𝜃 = 0.82 ∙ 1.00 = 0.00408  

𝑒 = 0.00408 = 26.7  mm  EC2-Eq.5.2 
𝑀 = 0.0267 ∙ 𝑁   kNm  

 First order moments   B.3.7
𝑀 , = 195 ∙ 6 + 0.0267 ∙ 3120 = 1253.3  kNm  
𝑀 , = (0.150 + 0.0267) ∙ 3120 = 551.4  kNm  
𝑀 , = 39 ∙ 6 + 0.0267 ∙ 2120 = 290.6  kNm  
𝑀 , = (0.150 + 0.0267) ∙ 2120 = 374.7  kNm  

 Creep  EC2- Cl.5.8.4 B.3.8
With: 𝑅𝐻 = 80  %;  𝑡 = 60  days;  ℎ = ∙ ∙

∙( ) = 343  mm   →   φ(∞, 𝑡 ) = 1.7    
  EC2-Figure 3.1 
𝜑 , = 1.7 .

.
= 0.349;  𝜑 , = 1.7 .

.
= 1.155  EC2-Eq.5.19 

 Design chart  B.3.9
For: 
𝑛 = ∙

∙ ∙
= 0.325   

it can be determined 
from the chart the 
following relation: 
 𝑚 = 0.400𝜔 + 0.108 
that gives: 
𝑀 , = 𝑠 ∙ 𝜔 + 𝑖 =
3072 ∙ 𝜔 + 831  kNm and 
𝑀 , = 𝑠 ∙ 𝜔 + 𝑖 =
2208 ∙ 𝜔 + 624  kNm  

0,0

0,1

0,1

0,2

0,2

0,3

0,3

0,4

0,4

-0,50 0,00 0,50 1,00 1,50

mRd 

nRd 

ω    0.0   

ω    0.1   

ω    0.2   

ω    0.3   

ω    0.4   

ω    0.5   

"nEd"

Figure B.11. Design	  chart	  for	  bending	  moment	  with	  axial	  force	  for	  d’/h=0.1. 
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 Limit slenderness EC2-Cl.5.8.3.1 B.3.10
𝐴 =

( . ∙ . )
= 0.927;   𝐵 = 1.1;   𝐶 = 0.7   →    𝜆 , =

∙ . ∙ . ∙ .
√ .

= 25.0  
 EC2-Eq.5.13N 
𝐴 =

( . ∙ . )
= 0.812;   𝐵 = 1.1;   𝐶 = 0.7   →    𝜆 , = ∙ . ∙ . ∙ .

√ .
= 19.9  

Noting that 𝜆 > 𝜆 ,  and 𝜆 > 𝜆 , , it follows that second order effects must be kept into account. 
Separate design in each principal direction, disregarding the biaxial bending, are made as first step.
 EC2-Cl.5.8.9(2) 

 Design for bending about z axis  EC2-Cl.8.4 B.3.11
Nominal stiffness method (s.m.) 
𝐸 = .

.
= 27.33  GPa  EC2-Cl.5.8.9(2) 

𝐸 𝐽 = 27330 ∙ ∙ = 7.005 ∙ 10   Nmm     

𝐸 𝐽 = 𝐸 ∙ 𝐴 ∙ − 𝑑 = 200000 ∙ 𝜔 ∙
∙ ∙ 102400 = 𝜔 ∙ 4.552 ∙ 10   Nmm   

trying with 𝜔 = 0.2: 
𝑀 = 3072 ∙ 0.2 + 831 = 1445  kNm  
𝐸 𝐽 = 0.2 ∙ 4.552 ∙ 10 = 9.044 ∙ 10   Nmm   

𝑘 = = 1.225; 𝑘 = 0.325 . = 0.108  

𝐾 = . ∙ .
.

= 0.095  EC2-Cl.5.8.7.2(2) 
𝐸𝐽 = 0.095 ∙ 7.005 ∙ 10 + 9.044 ∙ 10 = 1.157 ∙
10   Nmm  EC2-Eq.5.21 
𝑁 = . ∙ 10 = 9049.1  kN;  

𝛽 = = 0.822  

𝑀 = 𝑀 1 + .
. ⁄

= 1691  kNm > 1445 EC2-Eq.5.28 
With: 𝜔 = 0.272   → 𝑀 = 𝑀 = 1666  kNm 
𝐴 , ( )

. . = . ∙ ∙ ∙ = 5999  mm → Using 8𝜙28 + 10𝜙12   →   𝐴 , ( )
. . = 6057  mm    

Curvature method (c.m.) 
𝑛 = 0.4; 𝜔 = 0.272;  𝑛 = 1 + 0.272 = 1.272; 𝐾 = . .

. .
= 1.086   → 1.0  EC2-Eq.5.36 

𝛽 = 0.35 + − . = 0.122 → 𝐾 = 1 + 0.122 ∙ 0.394 = 1.048 EC2-Eq.5.37 

= ∙ . ∙
. ( ) = 6.710 ∙ 10     mm    

→   = 1.0 ∙ 1.048 ∙ 6.710 ∙ 10    = 7.033 ∙ 10     mm    EC2-Eq.5.34 

𝑒 = . ∙   ∙ = 120.5  mm   →  𝑀 = 1253.4 + 3120 ∙ 0.1205 = 1629.4  kNm  

𝜔 = . = 0.260   →   𝐴 , ( )
. . = . ∙ ∙ ∙ = 5741  mm   

Using 8𝜙28 + 4𝜙18   →   𝐴 , ( )
. . = 5944  mm  

 Design for bending about y axis  EC2-Cl.8.4 B.3.12
Nominal stiffness method 
𝐸 = .

.
= 27.33  GPa  EC2-Cl.5.8.9(2) 

𝐸 𝐽 = 27330 ∙ ∙ = 3.940 ∙ 10   Nmm   

1000

1250

1500

1750

2000

2250

0,2 0,25 0,3 0,35 0,4

M 
[kNm] 

ω 

M Ed,z (stiff. meth.)
M Ed,z (curv. meth.)
M Rd,z
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𝐸 𝐽 = 𝐸 ∙ 𝐴 ∙ − 𝑑 = 200000 ∙ 𝜔 ∙ ∙ ∙ 52900 = 𝜔 ∙ 2.336 ∙ 10   Nmm   
trying with 𝜔 = 0.2:  

𝑀 = 2208 ∙ 0.2 + 624 = 1066  kNm 
𝐸 𝐽 = 0.2 ∙ 2.336 ∙ 10 = 7.008 ∙ 10   Nmm  

𝑘 = = 1.225; 𝑘 = 0.325 . = 0.144  

𝐾 = . ∙ .
.

= 0.082  EC2-Cl.5.8.7.2(2) 
𝐸𝐽 = 0.082 ∙ 3.940 ∙ 10 + 7.008 ∙ 10 =
1.024 ∙ 10   Nmm  EC2-Eq.5.21 
𝑁 = . ∙ 10 = 5899.6  kN; 𝛽 = =
1.234 
𝑀 = 𝑀 1 + .

. ⁄
= 2031  kNm >

1066 EC2-Eq.5.28 
With: 𝜔 = 0.305   → 𝑀 = 𝑀 = 1297  kNm 
𝐴 , ( )

. . = . ∙ ∙ ∙ = 6734  mm → Using 10𝜙28 + 6𝜙12   →   𝐴 , ( )
. . = 6836  mm    

Nominal Curvature method 
𝑛 = 0.4; 𝜔 = 0.305;  𝑛 = 1 + 0.305 = 1.305; 𝐾 = . .

. .
= 1.543   → 1.0  EC2-Eq.5.36 

𝛽 = 0.35 + − . = −0.00387 → 𝐾 = 1 − 0.00387 ∙ 1.155 = 0.996 → 1.0  EC2-Eq.5.37 

= ∙ . ∙
. ( ) = 9.064 ∙ 10     mm    

→   = 1.0 ∙ 1.0 ∙ 9.064 ∙ 10    = 9.064 ∙ 10     mm    EC2-Eq.5.34 

𝑒 = . ∙   ∙ = 194.2  mm   →   𝑀 = 551.4 + 3120 ∙ 0.1942 = 1157.1  kNm  

𝜔 = . = 0.242   →   𝐴 , ( )
. . = . ∙ ∙ ∙ = 5343  mm   

Using 8𝜙28 + 2𝜙18   →   𝐴 , ( )
. . = 5435  mm  

 Biaxial bending EC2-Cl.5.8.9 B.3.13
= 0.75 < 2.0;   = 1.33 < 2.0 EC2-Eq.5.38a 
/
/
= /

/
= 1.056  (curv.method) > 0.2   → check  biaxial  bending

0.963  (stiff.method) > 0.2   → check  biaxial  bending   EC2-Eq.5.38b 

 /
/
= /

/
= 0.947  (curv.method) > 0.2   → check  biaxial  bending

1.034  (stiff.method) > 0.2   → check  biaxial  bending  

= = .   
Nominal curvature method 
Starting with 𝜔 = 0.4   → = 0.232   → 𝑎 = 1.11 

𝑀 = 1629.4  kNm;  𝑀 = 1157.1  kNm;  𝑀 = 2060.1  kNm;  𝑀 = 1506.7  kNm; 

𝑆 . . = .
.

.
+ .

.

.
= 1.517 > 1 EC2-Eq.5.39 

It can be found that with 𝜔 = 0.729   → = 0.188   → 𝑎 = 1.073 
𝑀 = 1629.4  kNm;  𝑀 = 1157.1  kNm;  𝑀 = 3070.8  kNm;  𝑀 = 2233.1  kNm; 

𝑆 . . = .
.

.
+ .

.

.
= 1.00  

𝐴 ,
. . = . ∙ ∙ ∙ = 16097  mm     

Using 26𝜙28 + 2𝜙12 →   𝐴 ,
. . = 16236  mm  

Nominal stiffness method 

1000

1250

1500

1750

2000

2250

0,2 0,25 0,3 0,35 0,4

M 
[kNm] 

ω 

M Ed,y (stiff. meth.)

M Ed,y (curv. meth.)

Lineare (M Rd)
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Starting with 𝜔 = 0.4   → = 0.232   → 𝑎 = 1.11 
𝑀 = 1542.1  kNm;  𝑀 = 1065.9  kNm;  𝑀 = 2060.1  kNm;  𝑀 = 1506.7  kNm; 

𝑆 . . = .
.

.
+ .

.

.
= 1.406 > 1  

It can be found that with 𝜔 = 0.556   → = 0.209   → 𝑎 = 1.091 
𝑀 = 1465.0  kNm;  𝑀 = 892.4  kNm;  𝑀 = 2539.3  kNm;  𝑀 = 1851.1  kNm; 

𝑆 . . = .
.   

.
+ .

.

.
= 1.00  

𝐴 ,
. . = . ∙ ∙ ∙ = 12276  mm → Using 20𝜙28   →   𝐴 ,

. . = 12315  mm  
 

 
Figure B.12. output of Equation 5.39 for the two methods varying 𝜔 (left) and example of reinforcement 

for the column deriving from the biaxial bending calculations with nominal stiffness method. 

 Summary of the reinforcement   B.3.14
Method Uniax�al Biaxial 

𝑨𝐬,𝐫𝐞𝐪(𝐳) 𝑨𝐬,𝐫𝐞𝐪(𝐲) 𝑨𝐬,𝐫𝐞𝐪 (tot.) 𝑨𝐬,𝐫𝐞𝐪 
Nominal stiff. meth. 5999 6734 12733 12276 
Nominal curv. meth. 5741 5343 11084 16097 

 

 Summary table B.3.15

Summary Table 
Case study 3 r.v. DK FI FR DE IT SE UK 

B.3.1 

𝐆𝐤,𝟏 kN 1400 1400 1400 1400 1400 1400 1400 1400 
𝐆𝐤,𝟐 kN 600 600 600 600 600 600 600 600 
𝐐𝐤,𝟏 kN 400 400 400 400 400 400 400 400 
𝐞𝐳 𝐦𝐦 150 150 150 150 150 150 150 150 
𝐇𝐤 kN 130 130 130 130 130 130 130 130 

B.3.2 

𝑵𝐄𝐝 kN 3120 3120 3190 3120 3120 3320 3120 3120 
𝑯𝐄𝐝 kN 195 195 195 195 195 195 195 195 
𝑵𝐄𝐪𝐩 kN 2120 2120 2120 2120 2120 2120 2120 2120 
𝑯𝐄𝐪𝐩 kN 39 39 39 39 39 39 39 39 

B.3.3 

Strength cl.  C30/37 C35/45 C30/37 C25/30 C30/37 C30/37 C30/37 C32/40 
𝐜𝐦𝐢𝐧,𝐝𝐮𝐫 𝐦𝐦 35 30 30 35 30 35 25 x 
𝐜𝐦𝐢𝐧,𝐛 𝐦𝐦 28 28 28 28 28 28 28 x 
𝐜𝐧𝐨𝐦 𝐦𝐦 45 40 40 45 40 45 38 40 
𝐝′ 𝐦𝐦 67 62 62 67 62 67 60 62 

B.3.4 
Concrete  C30/37 C35/45 C30/37 C25/30 C30/37 C30/37 C30/37 C32/40 

𝐝𝐠 𝐦𝐦 20 20 20 20 20 20 20 20 

0,70

0,80

0,90

1,00

1,10

1,20

1,30

1,40

0,50 0,60 0,70 0,80

Eq. 5.39 
output 

ω 

Eq.5.39 (stiff. meth.)

Eq.5.39 (curv. meth.)

Limit
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Summary Table 
Case study 3 r.v. DK FI FR DE IT SE UK 

𝐟𝐜𝐝 𝐌𝐏𝐚 20.0 24.1 17.0 16.7 17.0 17.0 20.0 18.1 
𝐟𝐜𝐭𝐝 𝐌𝐏𝐚 1.35 1.3 1.1 1.2 1.1 1.1 1.4 1.2 
𝐄𝐜𝐦 𝐆𝐏𝐚 32.8 34.1 32.8 31.5 32.8 32.8 32.8 33.3 

Steel  B500C B500C B500C B500C B500C B450C B500C B500C 
𝐟𝐲𝐝 𝐌𝐏𝐚 435 417 435 435 435 391 435 435 
𝛆𝐮𝐝 % 6.75 0.21 1.00 6.75 2.50 6.75 6.75 6.75 

B.3.5 
𝒍𝟎 𝐦𝐦𝟐 13091 13091 13091 13091 13091 13091 13091 13091 
𝝀𝐳  56.69 56.69 56.69 56.69 56.69 56.69 56.69 56.69 
𝝀𝐲  75.58 75.58 75.58 75.58 75.58 75.58 75.58 75.58 

B.3.6 
𝜽𝟎 rad 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 
𝜽𝐢 𝐫𝐚𝐝 0.00408 0.00408 0.00408 0.00408 0.00408 0.00408 0.00408 0.00408 
𝒆𝐢 𝐦𝐦 26.7 26.7 26.7 26.7 26.7 26.7 26.7 26.7 

B.3.7 

𝑴𝟎𝐄𝐝,𝐳 𝐤𝐍𝐦 1253.4 1253.4 1255.2 1253.4 1253.4 1258.7 1253.4 1253.4 
𝑴𝟎𝐄𝐝,𝐲 𝐤𝐍𝐦 551.4 551.4 563.7 551.4 551.4 586.7 551.4 551.4 
𝑴𝟎𝐄𝐪𝐩,𝐳 𝐤𝐍𝐦 290.7 290.7 290.7 290.7 290.7 290.7 290.7 290.7 
𝑴𝟎𝐪𝐩,𝐲 𝐤𝐍𝐦 374.7 374.7 374.7 374.7 374.7 374.7 374.7 374.7 

B.3.8 
𝛗(∞, 𝒕𝟎)  1.7 1.5 1.7 1.8 1.7 1.7 1.7 1.6 
𝝋𝐞𝐟,𝐳  0.394 0.348 0.394 0.417 0.394 0.393 0.394 0.371 
𝝋𝐞𝐟,𝐳  1.155 1.019 1.130 1.223 1.155 1.086 1.155 1.087 

B.3.9 

𝒏𝐄𝐝  0.325 0.269 0.391 0.390 0.382 0.407 0.325 0.358 
𝒔𝐳 𝐤𝐍𝐦 3072 3584 2611 2560 2611 2611 3072 2785 
𝒊𝐳  831 873 763 748 757 773 832 788 
𝒔𝐲 𝐤𝐍𝐦 2208 2632 1918 1840 1978 1877 2256 2045 
𝒊𝐲  624 653 573 561 568 580 663 591 

B.3.10 

𝑨𝐳  0.927 x 0.927 0.923 x 0.927 0.927 0.931 
𝑩𝐳  1.1 x 1.1 1.1 x 1.1 1.1 1.1 
  𝑪𝐳  0.7 x 0.7 0.7 x 0.7 0.7 0.7 
𝝀𝐥𝐢𝐦,𝐳  25.0 38.5 22.8 22.8 25.9 22.4 25.0 23.9 
𝑨𝐲  0.812 x 0.816 0.803 x 0.822 0.812 0.821 
𝑩𝐲  1.0 x 1.0 1.0 x 1.0 1.0 1.0 
  𝑪𝐲  0.7 x 0.7 0.7 x 0.7 0.7 0.7 
𝝀𝐥𝐢𝐦,𝐲  19.9 32 18.3 18.0 25.9 18.0 19.9 19.2 

B.3.11 
(s.m.) 

𝑬𝐜𝐝 𝐆𝐏𝐚 27.4 23.5 27.4 26.2 21.9 27.4 27.4 27.8 
𝑬𝐜𝐝𝑱𝐜 𝐍𝐦𝐦𝟐 7.005E+14 6.016E+14 7.005E+14 6.715E+14 5.604E+14 7.005E+14 7.005E+14 7.114E+14 
𝝎𝐫𝐞𝐪  0.272 0.228 0.332 0.347 0.341 0.325 0.272 0.302 

𝑴𝐑𝐝𝐳 = 𝑴𝐄𝐝𝐳 𝐤𝐍𝐦 1666 1688 1630 1637 1654 1621 1666 1630 
𝑨𝐬,𝐫𝐞𝐪(𝐳)𝐬.𝐦.  𝐦𝐦𝟐 5999 6326 6229 6392 6391 6775 5997 6054 

Reinforc.  𝟖𝝓𝟐𝟖
+ 𝟏𝟎𝝓𝟏𝟐 

10𝜙28
+ 2𝜙12 

8𝜙26
+ 8𝜙18 

8𝜙28
+ 10𝜙14 

8𝜙28
+ 6𝜙18 

10𝜙28
+ 6𝜙12 

8𝜙28
+ 10𝜙12 

8𝜙28
+ 6𝜙16 

𝑨𝐬,𝐚𝐝𝐨𝐩𝐭(𝐳)𝐬.𝐦.  𝐦𝐦𝟐 6057 6384 6283 6465 6453 6836 6057 6132 

B.3.11 
(c.m.) 

𝝎  0.260 0.22 0.34 0.35 0.34 0.34 0.27 0.31 
𝒏𝐮  1.272 1.228 1.332 1.347 1.341 1.325 1.272 1.302 
𝑲𝐫  1.00 1.00 1.00 1.00 1.00 0.99 1.00 1.00 
𝜷  0.122 0.147 0.122 0.097 0.122 0.122 0.122 0.132 
𝑲𝛗  1.048 1.051 1.048 1.041 1.048 1.048 1.048 1.049 

(𝟏 𝒓⁄ )𝟎 𝐦𝐦 𝟏 6.710E-6 6.430E-6 6.710E-6 6.710E-6 6.710E-6 6.039E-6 6.710E-6 6.710E-6 
(𝟏 𝒓⁄ ) 𝐦𝐦 𝟏 7.033E-6 6.759E-6 7.032E-6 6.982E-6 7.033E-6 6.282E-6 7.033E-6 7.038E-6 
𝒆𝟐 mm 120.5 115.8 120.5 119.6 120.5 107.6 120.5 120.6 
𝑴𝐄𝐝𝐳 kNm 1629.4 1614.8 1639.7 1626.7 1629.4 1616.1 1629.4 1629.7 
𝝎𝐫𝐞𝐪  0.260 0.216 0.339 0.352 0.341 0.335 0.266 0.309 

𝑨𝐬,𝐫𝐞𝐪(𝐳)𝐜.𝐦.  𝐦𝐦𝟐 5741 6006 6362 6477 6400 6986 5873 6186 

Reinforc. 𝐌𝐏𝐚 𝟖𝝓𝟐𝟖
+ 𝟒𝝓𝟏𝟖 

10𝜙26
+ 4𝜙16 

8𝜙28
+ 6𝜙18 

8𝜙28
+ 8𝜙16 

8𝜙28
+ 6𝜙18 

10𝜙28
+ 6𝜙14 

8𝜙28
+ 4𝜙18 

8𝜙26
+ 8𝜙18 

𝑨𝐬,𝐚𝐝𝐨𝐩𝐭(𝐳)𝐜.𝐦.  𝐦𝐦𝟐 5944 228.0 228.0 228.0 228.0 253.3 228.0 228.0 

B.3.12 
(s.m.) 

𝑬𝐜𝐝 𝐆𝐏𝐚 27.4 23.5 27.4 26.2 21.9 27.4 27.4 27.8 
𝑬𝐜𝐝𝑱𝐜 𝐍𝐦𝐦𝟐 3.940E+14 3.384E+14 3.940E+14 3.777E+14 3.152E+14 3.940E+14 3.940E+14 4.001E+14 
𝝎𝐫𝐞𝐪  0.305 0.249 0.350 0.378 0.362 0.357 0.295 0.315 
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Summary Table 
Case study 3 r.v. DK FI FR DE IT SE UK 

𝑴𝐑𝐝𝐲 = 𝑴𝐄𝐝𝐲 𝐤𝐍𝐦 1297 1308 1245 1255 1269 1249 1287 1234 
𝑨𝐬,𝐫𝐞𝐪(𝐲)𝐬.𝐦.  𝐦𝐦𝟐 6734 6910 6569 6955 6794 7445 6514 6296 

Reinforc.  𝟏𝟎𝝓𝟐𝟖
+ 𝟔𝝓𝟏𝟐 

10𝜙28
+ 8𝜙12 

10𝜙26
+ 6𝜙18 

10𝜙28
+ 6𝜙14 

8𝜙28
+ 8𝜙18 

12𝜙28
+ 2𝜙12 

10𝜙28
+ 4𝜙12 

8𝜙28
+ 8𝜙16 

𝑨𝐬,𝐚𝐝𝐨𝐩𝐭(𝐲)𝐬.𝐦.  𝐦𝐦𝟐 6836 0.5 0.5 0.5 1 0.5 0.5 0.5 

B.3.12 
(c.m.) 

𝝎  0.305 0.249 0.350 0.378 0.362 0.357 0.295 0.315 
𝒏𝐮  1.305 1.2485 1.35 1.378 1.362 1.357 1.295 1.3145 
𝑲𝐫  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
𝜷  -0.00387 0.02113 -0.00387 -0.02887 -0.00387 -0.00387 -0.00387 0.00613 
𝑲𝛗  1.00 1.02 1.00 1.00 1.00 1.00 1.00 1.01 

(𝟏 𝒓⁄ )𝟎 𝐦𝐦 𝟏 9.064E-6 8.605E-6 8.979E-6 9.064E-6 8.979E-6 8.157E-6 8.946E-6 8.979E-6 
(𝟏 𝒓⁄ ) 𝐦𝐦 𝟏 9.064E-6 8.791E-6 8.979E-6 9.064E-6 8.979E-6 8.157E-6 8.946E-6 9.039E-6 
𝒆𝟐 mm 194.2 188.3 192.4 194.2 192.4 174.7 191.6 193.6 

𝑴𝐄𝐝𝐲 kNm 1157.1 1138.9 1177.3 1157.1 1151.5 1166.9 1149.3 1155.5 
𝝎𝐫𝐞𝐪  0.242 0.185 0.315 0.324 0.304 0.312 0.234 0.276 

𝑨𝐬,𝐫𝐞𝐪(𝐲)𝐜.𝐦.  𝐦𝐦𝟐 5343 5144 5912 5962 5705 6506 5167 5525 

Reinforc. 𝐌𝐏𝐚 𝟖𝝓𝟐𝟖
+ 𝟐𝝓𝟏𝟖 

10𝜙26
+ 2𝜙16 

8𝜙28
+ 4𝜙18 

8𝜙28
+ 6𝜙16 

6𝜙28
+ 8𝜙18 

10𝜙28
+ 4𝜙14 

6𝜙28
+ 6𝜙18 

8𝜙26
+ 6𝜙18 

𝑨𝐬,𝐚𝐝𝐨𝐩𝐭(𝐲)𝐜.𝐦.  𝐦𝐦𝟐 5435 244.7 244.7 244.8 244.7 244.8 244.7 244.8 

B.3.13 

𝝀𝐳/𝝀𝐲  0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 
𝝀𝐲/𝝀𝐳  1.33 1.33 1.33 1.33 1.33 1.33 1.33 1.33 

𝒆𝐲/𝒉 (𝒆𝐳/𝒃)⁄   1.056 1.063 1.045 1.054 1.061 1.039 1.063 1.058 
 0.947 0.940 0.957 0.948 0.942 0.963 0.940 0.945 

(𝒆𝐳/𝒃) 𝒆𝐲/𝒉⁄   0.963 0.968 0.982 0.978 0.977 0.973 0.971 0.991 
 1.038 1.033 1.018 1.023 1.023 1.028 1.030 1.009 

  Check 
biaxial 

Check 
biaxial 

Check 
biaxial 

Check 
biaxial 

Check 
biaxial 

Check 
biaxial 

Check 
biaxial 

Check 
biaxial 

B.3.13 
(c.m.) 

𝝎𝐫𝐞𝐪  0.729 0.605 0.876 0.896 0.851 0.863 0.709 0.805 
𝑵𝐄𝐝 𝑵𝐑𝐝⁄        0.188 0.168 0.208 0.206 0.207 0.218 0.190 0.199 

𝒂  1.073 1.056 1.090 1.088 1.089 1.099 1.075 1.082 
𝑺𝐜.𝐦.  1.000 1.000 1.001 1.001 1.000 1.000 1.000 1.000 
𝑨𝐬,𝐫𝐞𝐪𝐛𝐢.𝐜.𝐦 𝐦𝐦𝟐 16097 16832 16449 16485 15971 17990 15655 16120 

Reinforc.  𝟐𝟔𝝓𝟐𝟖
+ 𝟐𝝓𝟏𝟐 28𝜙28 28𝜙26

+ 8𝜙18 
26𝜙28
+ 4𝜙14 

24𝜙28
+ 6𝜙18 30𝜙28 26𝜙28 26𝜙86

+ 2𝜙16 
𝑨𝐬,𝐚𝐝𝐨𝐩𝐭𝐛𝐢.𝐜.𝐦  𝐦𝐦𝟐 16236 17241 16902 16625 16305 18473 16010 16412 

B.3.13 
(s.m.) 

 

𝝎𝐫𝐞𝐪  0.556 0.463 0.657 0.683 0.654 0.663 0.541 0.603 
𝑵𝐄𝐝 𝑵𝐑𝐝⁄        0.209 0.184 0.236 0.232 0.231 0.245 0.211 0.224 

𝒂  1.091 1.070 1.113 1.110 1.109 1.121 1.092 1.103 
𝑺𝐬.𝐦.  1.000 1.000 0.999 0.999 0.999 1.000 0.999 0.999 
𝑨𝐬,𝐫𝐞𝐪𝐛𝐢.𝐜.𝐦 𝐦𝐦𝟐 12276 12873 12337 12558 12268 13826 11955 12069 

Reinforc.  𝟐𝟎𝝓𝟐𝟖 20𝜙28
+ 6𝜙12 

22𝜙26
+ 4𝜙18 

20𝜙28
+ 2𝜙14 20𝜙28 22𝜙28

+ 4𝜙12 
18𝜙28
+ 8𝜙12 

18𝜙28
+ 6𝜙16 

𝑨𝐬,𝐚𝐝𝐨𝐩𝐭𝐛𝐢.𝐜.𝐦  𝐦𝐦𝟐 12315 
0.0 % 

12994 
+ 5.5 % 

12698 
+ 3.1 % 

12623 
+ 2.5 % 

12315 
0.0 % 

13999 
+ 13.7 % 

11988 
- 2.7 % 

12290 
- 0.2 % 

 
B.4 Case study 4 

Design of the punching shear reinforcement in a flat slab of thickness t = 300 mm with 
400X300 mm column. Bending reinforcement, cover to reinforcement, design punching force and 
concrete strength are fixed for all countries. 

Design load at ULSs: 
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𝑁 = 1000  kN  
𝑀 = 230  kNm  
Geometric data: 
Column is 𝑐 × 𝑐 = 400 × 300  mm, the bending moment is acting on the axis of maximum 

inertia. The slab is 300 mm thick, the cover to reinforcement is 𝑐 = 30  mm. The reinforcement 
for bending consists of bars 𝜙 = 20  mm every 150 mm in both directions. 

The effective depth is: 
𝑑 = 300 − 30 − = 260  mm  and  𝑑 = 300 − 30 − 20 − = 240  mm    
The effective depth of the slab is: 
𝑑 = = 250  mm  

 Materials EC2-Section 3 B.4.1
Concrete C30/37, maximum aggregate size 𝑑 = 20  mm: 
𝑓 = 30  MPa  ; 𝑓 = 2.9  MPa; 𝐸 = 33  GPa; 𝑓 = 2.0  MPa;  EC2-Table 3.1 
 𝜀 = 0.2  %; 𝜀 = 0.35  %. 
𝛾 = 1.5; 𝛼 = 1.00  EC2-Table 2.1N 
Design properties: 
𝑓 = 1.00

.
= 20.0  MPa  EC2-Eq.3.15 

𝑓 = 1.00 .
.
= 1.3  MPa  EC2-Eq.3.16 

Steel B500C: 
𝑓 = 500  MPa  ; 𝑘 = 1.10; 𝐸 = 200  GPa; 𝜀 = 7.5  %; 
𝛾 = 1.15  EC2-Table 2.1N 
Design properties: 
𝑓 =

.
= 435  MPa  

𝜀 = 6.75  %  

 Punching shear calculations EC2-Cl.6.4.3 B.4.2
Check at the column perimeter (𝑢 )  EC2-Cl.6.4.3(2) 
𝑢 = 2 ∙ (300 + 400) = 1400  mm  
𝑣 = 𝛽

∙
  

𝑘 = 0.633 (obtained from linear interpolation) EC2-Table 6.1 
𝑢 = 1400 + 2𝜋 ∙ (2 ∙ 250) = 4539  mm  (𝑟 =   500  mm) 

𝑊 = + 400 ∙ 300 + 4 ∙ 300 ∙ 250 + 16 ∙ 250 + 2𝜋 ∙ 250 ∙ 400 = 2125976  mm  EC2-Eq.6.41 

𝛽 = 1 + 0.633 ∙
∙

∙ = 1.311 EC2-Eq.6.39 

𝑣 = 1.311 ∙
∙

= 3.75  MPa  

𝑣 , = 0.4 ∙ 0.6 1 − 20 = 4.22  MPa > 3.75  MPa  
The verification at the column perimeter is satisfied → 𝑡 = 300  mm.  
Assuming to have several columns with the same properties that support this slab, it has been 
decided to increase the slab thickness instead of build an enlarged column head for those countries 
that do not satisfy this equation. This solution require less complicated manual work and so is time 
saving	  in	  comparison	  to	  enlarge	  column’s	  head	  seeing	  than	  few	  centimetres	  are	  enough	  for	  satisfy 
the verification at the column perimeter. 
Check at the basic control perimeter (𝑢 ) 
𝑣 = 1.311 ∙

∙
= 1.16  MPa EC2-Eq.6.38 

𝐶 , =
.
.

= 0.12; 𝑘 = 1 + = 1.895; 
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𝜌 , = 𝜌 , =
∙

= 0.0084   → 𝜌 = √0.0084 ∙ 0.0084 = 0.0084 
𝑣 , = 0.12 ∙ 1.895 ∙ (100 ∙ 0.0084 ∙ 30) ⁄ = 0.666 ≥ 𝑣 = 0.035 ∙ 1.895 ⁄ ∙ 30 ⁄ = 0.050 

𝑣 = 1.16  MPa > 𝑣 , = 0.666 
The verification is not satisfied; the slab needs the punching shear reinforcement (the alternatives 
are to increase the slab thickness, increase the column dimension or add an enlarged head at the 
column). 
 

 Design of the punching shear reinforcement  EC2-Cl.6.4.5 B.4.3
𝑓 . = 250 + 0.25 ∙ 250 = 312.5  MPa    
using vertical reinforcement links it follows: 

= ( . . ∙ . )∙
. ∙ .

= 6.359    EC2-Eq.6.52 

Reinforcement details: 
𝑢 , = . ∙ ∙

. ∙
= 7878  mm  (𝑟 , = 1031 mm) 

𝑠 , = 0.75 ∙ 250 = 187  mm (maximum space between link leg perimeters)  EC2-Cl.9.4.3(1) 
𝑎 = 0.3 ∙ 250 = 74.9  mm (minimum distance of the first link leg perimeter from the face of the 
column)  EC2-Figure 9.10 
𝑘 ∙ 𝑑 = 1.5 ∙ 250 = 375  mm  (distance of the last link leg perimeter from 𝑢 , ) 
The most external perimeter of reinforcement should lie at a distance from the column face of 
𝑟 = 1031 − 375 = 656  mm 
The distance between the first and the last reinforcement perimeter is Δ𝑟 = 656 − 75 = 581  mm. 
The number of link leg perimeters needed is obtained as follows: 

,
+ 1 = + 1 = 4.1   → 5 perimeters of reinforcement are needed. 

The spacing of link around a perimeter should not exceed 𝑠 , = 1.5 ∙ 250 = 375  mm (within the 
first control perimeter) and  𝑠 , = 2 ∙ 250 = 500  mm (outside the first control perimeter).  
 EC2-Cl.9.4.3(1) 
Reinforcement area 
𝑠 , = = 145  mm < 187  mm  
𝐴 , = 6.359 ∙ 145 = 922  mm  (shear reinforcement for each perimeter) 
The area of a link leg should satisfy the following equation: 
𝐴 , ≥ . ∙√ ∙

.
= 32  mm     (inside  𝑢 ) EC2-Eq.9.11 

𝐴 , ≥
0.08 ∙ √30

500
145 ∙ 500

1.5 = 42  mm   (outside  𝑢 ) → use  legs  𝜙8 → 𝐴 , . = 50  mm  
In each perimeter the number of legs requested is: 
𝑛 = 𝑚𝑎𝑥 ,

, .
;

,
 (having a even number of legs for symmetry)  

 
Summary of the reinforcement: 

# perimeter  𝒓𝐢 
[mm] 

𝒖𝐢 
[�m 𝒏𝐢 

 𝒔𝐭,𝐢 
[mm] 

1 75 1871 20 98<375 
2 75+145=220 2784 20 147<375 
3 220+145=365 3698 20 195<375 
4 365+145=510 3710 20 243<500 
5 510+145=655 4124 20 291<500 

 

 Summary of the material needed  B.4.4
The amount of steel legs required is: 𝑊 = 5 ∙ 19 ∙ (50 ∙ 250) ∙ 10 ∙ 7850 = 10  kg 
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The amount of concrete per square metre of slab is: 𝑉𝑜𝑙 = 0.300  m m of  slab⁄  

 Reinforcement disposition B.4.5

 
Figure B.13. Punching shear reinforcement disposition [unit are in mm]. 

 Summary table B.4.6

Summary Table 
Case study 3 r.v. DK FI FR DE IT SE UK 

5.5.1 

𝐭𝐚𝐝𝐨𝐩𝐭 𝐦𝐦 300 300 330 300 300 300 340 330 
𝐝𝐱 𝐦𝐦 260 260 290 260 260 260 300 290 
𝐝𝐲 𝐦𝐦 240 240 240 240 240 240 240 240 
𝐝 𝐦𝐦 250 250 264 250 250 250 268 264 

5.5.2 

Concrete  C30/37 C30/37 C30/37 C30/37 C30/37 C30/37 C30/37 C30/37 
𝐝𝐠 𝐦𝐦 20 20 20 20 20 20 20 20 
𝛄𝐂  1.50 1.45 1.50 1.50 1.50 1.50 1.50 1.50 
𝐟𝐜𝐝 𝐌𝐏𝐚 20.0 20.7 17.0 20.0 17.0 17.0 20.0 17.0 

Steel  B500C B500C B500C B500C B500C B450C B500C B500C 
𝐟𝐲𝐝 𝐌𝐏𝐚 435 417 435 435 435 391 435 435 
𝛆𝐮𝐝 % 6.75 0.21 1.00 6.75 2.50 6.75 6.75 6.75 

5.5.3 
(𝐮𝟎) 

𝐤  0.633 0.633 0.633 0.633 0.633 0.633 0.633 0.633 
𝐮𝟏 𝐦𝐦 4539 4539 4715 4539 4539 4539 4772 4715 
𝐫𝟏 𝐦𝐦 500 500 528 500 500 500 537 528 
𝐖𝟏 𝐦𝐦𝟐 2125976 2125976 2293229 2125976 2125976 2125976 2348376 2293229 
𝛃  1.311 1.311 1.300 1.311 1.311 1.311 1.296 1.300 
𝐯𝐄𝐝 𝐌𝐏𝐚 3.75 3.75 3.52 3.75 3.75 3.75 3.45 3.52 

𝐯𝐑𝐝,𝐦𝐚𝐱 𝐌𝐏𝐚 4.22 4.55 3.59 4.22 4.59 4.19 3.49 3.59 

5.5.3 
(𝐮𝟏) 

𝐯𝐄𝐝 𝐌𝐏𝐚 1.16 1.16 1.04 1.16 1.16 1.16 1.01 1.04 
𝐂𝐑𝐝,𝐜  0.120 0.124 0.120 0.120 0.120 0.120 0.120 0.120 
𝐤  1.895 1.895 1.871 1.895 1.895 1.895 1.863 1.871 
𝛒𝐥  0.0084 0.0084 0.0079 0.0084 0.0084 0.0084 0.0078 0.0079 
𝐯𝐑𝐝,𝐜 𝐌𝐏𝐚 0.666 0.689 0.646 0.666 0.666 0.666 0.640 0.646 
𝐯𝐦𝐢𝐧 𝐌𝐏𝐚 0.050 0.050 0.049 0.050 0.050 0.050 0.049 0.049 
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Summary Table 
Case study 3 r.v. DK FI FR DE IT SE UK 

5.5.4 

𝐟𝐲𝐰𝐝.𝐞𝐟 𝐌𝐏𝐚 312.4 312.4 316.0 312.4 312.4 312.4 317.1 316.0 
(𝐀𝐬𝐰/𝐬𝐫  )𝐫𝐞𝐪 𝐦𝐦 6.359 6.192 5.574 6.359 6.359 6.359 5.341 5.574 

𝐮𝟎,𝐨𝐮𝐭 𝐦𝐦 7878 290.7 290.7 290.7 290.7 290.7 290.7 290.7 
𝐫𝟎,𝐨𝐮𝐭 𝐦𝐦 7878 7615 7627 7878 7878 7878 7550 7627 
𝐬𝐫,𝐦𝐚𝐱 𝐦𝐦 1031 989 991 1031 1031 1031 979 991 
𝐚𝟏 𝐦𝐦 75 75 79 75 75 75 80 79 
𝐤  1.5 2.0 1.5 1.5 1.5 1.5 1.5 1.5 

𝐫𝐦𝐚𝐱 𝐦𝐦 656 490 595 656 656 656 576 595 
Num. 

perimeters  5 4 4 5 5 5 4 4 

𝐬𝐭,𝐦𝐚𝐱  (𝐢𝐧  𝐮𝟏) 𝐦𝐦 375 375 396 375 375 375 402 396 
𝐬𝐭,𝐦𝐚𝐱  (𝐨𝐮𝐭  𝐮𝟏) 𝐦𝐦 500 500 528 500 500 500 537 528 

𝐬𝐫,𝐚𝐝𝐨𝐩𝐭 𝐦𝐦 145 138 172 145 145 145 165 172 
𝐀𝐬𝐰,𝐫𝐞𝐪 𝐦𝐦𝟐 924 856 959 924 924 924 883 959 

𝐀𝐬𝐰,𝐦𝐢𝐧  (𝐢𝐧  𝐮𝟏) 𝐦𝐦𝟐 32 30 40 32 32 35 39 40 
𝐀𝐬𝐰,𝐦𝐢𝐧  (𝐨𝐮𝐭  𝐮𝟏) 𝐦𝐦𝟐 42 40 53 42 42 47 52 53 

Reinforc.  𝝓𝟖 𝜙8 𝜙10 𝜙8 𝜙8 𝜙8 𝜙10 𝜙10 
𝐫𝟏 𝐦𝐦 75 75 79 75 75 75 80 79 
𝐧𝟏  20 18 14 20 20 20 12 14 
𝐫𝟐 𝐦𝐦 220 213 251 220 220 220 246 251 
𝐧𝟐  20 18 14 20 20 20 12 14 
𝐫𝟑 𝐦𝐦 365 351 423 366 366 366 411 423 
𝐧𝟑  20 18 14 20 20 20 12 14 
𝐫𝟒 𝐦𝐦 510 490 595 511 511 511 576 595 
𝐧𝟒  20 18 14 20 20 20 12 14 
𝐫𝟓 𝐦𝐦 655 \ \ 656 656 656 \ \ 
𝐧𝟓  19 \ \ 20 20 20 \ \ 

5.5.5 
𝐖𝐬 𝐤𝐠 10 7 9 10 10 10 8 9 

 0.0% -28.0% -7.6% 0.0% 0.0% 0.0% -19.4% -7.6% 

𝐖𝐜 𝐦𝟑 𝐦𝟐⁄  0.300 0.300 0.330 0.300 0.300 0.300 0.340 0.330 
 0.0% 0.0% 10.0% 0.0% 0.0% 0.0% 13.3% 10.0% 

B.5 Case Study 5 

Determination of the highest allowable load for a corbel with fixed dimension and design of 
the relative reinforcement. Materials and cover to reinforcement are fixed for all coutnries. 

 Data B.5.1
𝐹 = 869  kN  
Geometric data: 
Column: 𝑐 × 𝑐 = 400 × 400  mm,  
𝑐 = 33  mm.  
Corbel:  
𝑤 = 250  mm; 𝑎 = 125  mm;  ℎ = 400  mm 
Load plate: w = 170  mm; l = 300  mm. 

 Materials EC2-Section 3 B.5.2
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Concrete C35/45, maximum aggregate size 𝑑 = 20  mm: 
𝑓 = 35  MPa  ; 𝑓 = 3.21  MPa; 𝐸 = 34  GPa; 𝑓 = 2.25  MPa;  EC2-Table 3.1 
 𝜀 = 0.2  %; 𝜀 = 0.35  %. 
𝛾 = 1.5; 𝛼 = 1.00  EC2-Table 2.1N 
Design properties: 
𝑓 = 1.00

.
= 23.3  MPa  EC2-Eq.3.15 

Steel B500C: 
𝑓 = 500  MPa  ; 𝑘 = 1.10; 𝐸 = 200  GPa; 𝜀 = 7.5  %; 
𝛾 = 1.15  EC2-Table 2.1N 
Design properties: 
𝑓 =

.
= 435  MPa  

𝜀 = 6.75  %  

 Node compressive strength EC2-Cl.6.5.4 B.5.3
𝜈 = 1 − = 0.860  
Compression nodes where no ties are anchored at the node (CCC nodes)  EC2-Cl.6.5.4(4) 
𝑘 = 1.0  
𝜎 , = 1.0 ∙ 0.860 ∙ 23.3 = 20.07  MPa  
Compression-tension nodes where with anchored ties provided in one direction (CCT nodes)  
 EC2-Cl.6.5.4(4) 
𝑘 = 0.85  
𝜎 , = 0.85 ∙ 0.860 ∙ 23.3 = 17.06  MPa  

 Struts and ties model  B.5.4
The beam vertical strut width is evaluated by setting the 
compressive stress equal to 𝜎 ,  obtaining: 
𝑥 =

. ∙
= 108  mm   → the node 1 is located at = 54  mm 

from the outer column side. 
Adopting main reinforcement bars with 𝜙 = 14  mm, it follows that 
the upper reinforcement is located at 33 + = 40  mm from the 
upper corbel side. 
The distance 𝑦  of the node 1 from the lower border is evaluated 
setting the internal drive arm 𝑧 equal to 0.8 ∙ 𝑑   → 𝑧 = 0.8 ∙
(400 − 40) = 288  mm. 
𝑦 = 0.2 ∙ (400 − 40) = 72  mm  
 
From the equilibrium equation 𝐹 ∙ 𝑎 + = 𝐹 ∙ 𝑧 follows that: 

𝐹 = 𝐹 = ∙( ) = 541  kN  
 

 
Figure B.14. Strut and tie model 

 

 Nodes verification and reinforcement design B.5.5
Node 1 verification (CCC) 
𝜎 , =

∙( ∙ )
= 9.38  MPa <   20.07  MPa  

Main upper reinforcement design 
𝐴 , = = 1243  mm   → using  9ϕ14   → 𝐴 , = 1385  mm   
Secondary upper reinforcement design 
The strut and tie model proposed in the EC2 is indeterminate, then for avoiding the use of software 
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the problem is solved with the equation proposed in the Model Code 
90 (par. 6.8.2.2.1) 

𝐹 = 𝐹 = 541 = 259.9  kN  

𝐴 , = = 597.7  mm   →
using  4  stirrups  with  two  legs  ϕ10   → 𝐴 , = 628  mm   
For those countries that use the Annex J of EC2, the minimum 
reinforcement area of secondary upper reinforcement is: 
𝐴 , ≥ 𝑘 𝐴 , = 0.25 ∙ 1385 = 346  mm <   597.7  mm   
Node 2 verification (CCT) 
𝜎 , =

∙
= 17.04  MPa <   17.06  MPa (load limiting equation)  

 

 Reinforcement anchorage B.5.6
𝑓 = 2.25 ∙ 1 ∙ 1 ∙ 1.50 = 3.37  MPa (assuming good conditions having an anchorage zone bent of 
90°) 
The anchorage of the reinforcement in compression-tension nodes starts at the beginning of the 
node. The anchorage length should extend over the entire node length. EC2-Cl.6.5.4(7) 
𝐹 = 541  kN   → 𝜎 = = 390.6  MPa   → 𝑙 , = .

.
= 405  mm  

𝑐 = min(𝑎/2, 36) = 13 (bent bars) 
𝛼 = 1.0; 𝛼 = 1 − 0.15 ∙ ∙ = 1.31 → 1.0  
𝛼 = 1.0; 𝛼 = 1.0;  
𝑝 = 𝜎 , = 17.04   → 𝛼 = 1 − 0.04 ∙ 17.04 = 0.32   → 0.7  
𝑙 = 1 ∙ 1 ∙ 1 ∙ 1 ∙ 0.7 ∙ 405 = 284  mm  
𝑙 , = max(0.3 ∙ 405, 140, 100) = 140  mm  
Use anchorage length 𝑙 , = 285  mm. 

 

 
 

 

 
Figure B.16. Reinforcement position and details. 

 

 Summary table B.5.7

Figure B.15. Strut and 
tie model for determining the 
secondary reinforcement. 
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Summary Table 
Case study 3 r.v. DK FI FR DE IT SE UK 

B.5.1 𝐅𝐄𝐝 𝐤𝐍 869 1077 739 869 758 869 869 739 
  0.0% 23.9% -15.0% 0.0% -12.8% 0.0% 0.0% -15.0% 

B.5.2 

Concrete  C35/45 C35/45 C35/45 C35/45 C35/45 C35/45 C35/45 C35/45 
𝐝𝐠 𝐦𝐦 20 20 20 20 20 20 20 20 
𝛄𝐂  1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
𝐟𝐜𝐝 𝐌𝐏𝐚 23.33 24.14 19.83 23.33 19.83 19.83 23.33 19.83 

Steel  B500C B500C B500C B500C B500C B450C B500C B500C 
𝐟𝐲𝐝 𝐌𝐏𝐚 435 417 435 435 435 391 435 435 
𝛆𝐮𝐝 % 6.75 0.21 1.00 6.75 2.50 6.75 6.75 6.75 

B.5.3 

𝛖′  0.860 0.875 0.860 0.860 1.000 1.012 0.860 0.860 
𝐤𝟏  1.00 1.00 1.00 1.00 1.10 1.00 1.00 1.00 

𝝈𝐑𝐝,𝐦𝐚𝐱 𝐌𝐏𝐚 20.07 21.12 17.06 20.07 21.82 20.07 20.07 17.06 
𝐤𝟐  0.85 1.00 0.85 0.85 0.75 0.85 0.85 0.85 

𝝈𝐑𝐝,𝐦𝐚𝐱 𝐌𝐏𝐚 17.06 21.12 14.50 17.06 14.88 17.06 17.06 14.50 

B.5.4 

𝒙𝟏 𝐦𝐦 108 127 108 108 87 108 108 108 
𝝓 𝐦𝐦 14 14 14 14 14 14 14 14 
𝐳 𝐦𝐦 288 288 288 288 288 288 288 288 
𝒚𝟏 𝐦𝐦 72 72 72 72 72 72 72 72 

𝑭𝐜 = 𝑭𝐭 𝐤𝐍 541 709 460 541 443 541 541 460 

B.5.5 

𝝈𝐄𝐝,𝟏 𝐌𝐏𝐚 9.38 12.38 7.98 9.38 7.70 9.38 9.38 7.98 
𝑨𝐬,𝐫𝐞𝐪 𝐦𝐦𝟐 1243 1703 1057 1243 1020 1381 1243 1057 

Reinforc.  𝟗𝛟𝟏𝟒 𝟕𝛟𝟏𝟔 𝟕𝛟𝟏𝟒 𝟗𝛟𝟏𝟒 𝟖𝛟𝟏𝟒 𝟗𝛟𝟏𝟒 𝟗𝛟𝟏𝟒 𝟕𝛟𝟏𝟒 

𝑨𝐬,𝐚𝐝𝐨𝐩𝐭 𝐦𝐦𝟐 1385 
0.0 % 

1781 
+ 28.6 % 

1078 
- 22.2 % 

1385 
0.0 % 

1232 
- 11.0 % 

1385 
0.0 % 

1385 
0.0 % 

1078 
- 22.2 % 

𝑭𝐰𝐝 𝐌𝐏𝐚 259.9 319.9 221.0 259.9 227.8 259.9 259.9 221.0 
𝑨𝐬𝐰,𝐫𝐞𝐪 𝐦𝐦𝟐 597.7 767.7 508.3 597.7 523.8 664.2 597.7 508.3 

Reinforc.  
𝟒   × 
𝟐  𝐥𝐞𝐠𝐬 
𝛟𝟏𝟎 

𝟓   × 
𝟐  𝐥𝐞𝐠𝐬 
𝛟𝟏𝟎 

𝟒   × 
𝟐  𝐥𝐞𝐠𝐬 
𝛟𝟏𝟎 

𝟒   × 
𝟐  𝐥𝐞𝐠𝐬 
𝛟𝟏𝟎 

𝟒   × 
𝟐  𝐥𝐞𝐠𝐬 
𝛟𝟏𝟎 

𝟓   × 
𝟐  𝐥𝐞𝐠𝐬 
𝛟𝟏𝟎 

𝟒   × 
𝟐  𝐥𝐞𝐠𝐬 
𝛟𝟏𝟎 

𝟒   × 
𝟐  𝐥𝐞𝐠𝐬 
𝛟𝟏𝟎 

𝑨𝐬𝐰,𝐚𝐝𝐨𝐩𝐭 𝐦𝐦𝟐 628 
0.0 % 

785 
+ 25.0 % 

628 
0.0 % 

628 
0.0 % 

628 
0.0 % 

785 
+ 25.0 % 

628 
0.0 % 

628 
0.0 % 

𝒌𝟏  0.25 / 0.25 0.25 / 0.25 0.25 / 
𝑨𝐬,𝐥𝐧𝐤 𝐦𝐦𝟐 346 / 269.5 346.3 / 346.3 346.3 / 
𝝈𝐄𝐝,𝟐 𝐌𝐏𝐚 17.04 21.11 14.49 17.04 14.86 17.04 17.04 14.49 

B.5.6 

𝒇𝐛𝐝 𝐌𝐏𝐚 2.97 2.86 3.37 2.86 2.86 3.37 2.86 2.97 
𝒍𝐛,𝐫𝐪𝐝 𝐦𝐦 603 521 405 440 477 405 521 603 
𝒄𝐝  13 17 20 13 16 13 13 20 
𝜶𝟏  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
𝜶𝟐  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
𝜶𝟑  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
𝜶𝟒  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
𝜶𝟓  0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 
𝒍𝐛𝐝 𝐦𝐦 284 422 365 284 308 334 284 365 
𝒍𝐛,𝐦𝐢𝐧 𝐦𝐦 140 181 156 140 140 143 140 156 

𝒍𝐛𝐝,𝐚𝐝𝐨𝐩𝐭𝐞𝐝 𝐦𝐦 285 425 365 285 310 335 285 365 
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