
 
 

LAPPEENRANTA UNIVERSITY OF TECHNOLOGY  

LUT School of Energy Systems  

LUT Mechanical Engineering 

 

 

 

 

 

 

 

 

 

 

 

Marina Kovshova 

 

ANALYSIS AND GUIDELINES FOR IMPLEMENTATION OF EN 1090-2 STANDARD TO 

ASSIST EXECUTION CLASS ASSIGNMENT OF STEEL STRUCTURE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Examiners: D.Sc. (Tech.) Harri Eskelinen  

                   Professor Juha Varis 



 
 

ABSTRACT  
 
Lappeenranta University of Technology  
LUT School of Energy Systems  
LUT Mechanical Engineering 
 
Marina Kovshova 
 
Analysis and guidelines for implementation of EN 1090-2 Standard to assist 
execution class assignment of steel structures  
 
Master’s thesis  
 
2015 
 
74 pages, 26 figures, 27 tables and 3 appendices 
 
Examiners: D.Sc. (Tech.) Harri Eskelinen  
                   Professor Juha Varis 
 
Keywords: Execution class, EN 1090-2, CE marking, Steel structures, Standard 
implementation, Ductility class, Behaviour factor, Finnish industrial companies. 
 
Finnish design and consulting companies are delivering robust and cost-efficient steel 
structures solutions to a large number of manufacturing companies worldwide. Recently 
introduced EN 1090-2 standard obliges these companies to specify the execution class of 
steel structures for their customers. This however, requires clarifying, understanding and 
interpreting the sophisticated procedure of execution class assignment. The objective of 
this research is to provide a clear explanation and guidance through the process of 
execution class assignment for a given steel structure and to support the implementation 
of EN 1090-2 standard in Rejlers Oy, one of Finnish design and consulting companies. 
This objective is accomplished by creating a guideline for designers that elaborates on the 
four-step process of the execution class assignment for a steel structure or its part. Steps 
one to three define the consequence class (projected consequences of structure failure), 
the service category (hazards associated with the service use exploitation of steel 
structure) and the production category (manufacturing process peculiarities), based on the 
ductility class (capacity of structure to withstand deformations) and the behaviour factor 
(corresponds to structure seismic behaviour). The final step is the execution class 
assignment taking into account results of previous steps. Main research method is in-
depth literature review of European standards family for steel structures. Other research 
approach is a series of interviews of Rejlers Oy representatives and its clients, results of 
which have been used to evaluate the level of EN 1090-2 awareness. Rejlers Oy will use 
the developed novel coherent standard implementation guideline to improve its services 
and to obtain greater customer satisfaction. 
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1 INTRODUCTION 

 

 

Structural steelwork is one of the key enabling technologies in Finnish industry and it is 

the heart of many engineering achievements. In 2014 mechanical engineering industrial 

companies including steel structure companies had more than 2 billion euro turnover in 

domestic market and almost 10 billion euro in export market [1]. Design and consulting 

engineering companies work mostly on export market, having turnover there of 4.5 billion 

euro and 0.4 billion euro in domestic market. The situation for design companies has 

changed since European Committee for Standardisation (CEN) required obligatory CE 

marking for structural steelworks manufactured after 1st of July of 2014. CE mark is an 

obligatory conformity marking for various products; it is a symbol of free marketability in 

the European Economic Area since 1985. In terms of structural steelwork this means that 

EN 1090-2 standard has to be applied to all steel structures. It includes list of technical 

requirements for execution class, which is required to get CE marking. The execution 

class is a specific classification of steel structures according to materials, safety level and 

terms of exploitation. Normally, the execution class is assigned for a structure by design 

companies’ specialists, which are supposed to be experts in this standard. However, in 

practice design engineers have troubles in utilising EN 1090-2, because it is difficult to 

understand and apply. 

 

The research focuses on facilitating EN 1090-2 understanding by developing simple and 

clear guideline for industrial companies. This research has been supervised by Rejlers 

Oy, one of design and consulting companies in Finland, and Lappeenranta University of 

Technology. Reijers Oy is an example of a company, which has to deal with European 

standardisation requirements, and its design experts are not fully aware of EN 1090-2. 

Therefore, motivation of the present work is to fill the knowledge gap for Rejlers’ 

specialists in order to let the company stay competitive in the Finnish steel structure 

market. 

 

1.2 Research problem 

Manufacturing companies, producing various types of steel structures have to follow the 

EN 1090-2 standardisation rules. As the standard has been introduced recently, industrial 

companies haven’t yet adjusted their operations to fit the standard requirements. Hence, 

manufacturing and consulting companies currently have difficulties in utilising the standard 

due to its complicated and complex requirements, which are challenging to formulate. 
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Various problems, which are associated with precise and clear understanding of the 

standard requirements, are arising. Those difficulties result in loses of time and money, as 

structures drawings must be delivered according to the standard requirements, including 

the execution class, which is challenging to define. EN 1090-2 classifies steel structures 

into execution classes on the basis of manufacturing methods, service conditions and 

failure consequences. The major challenge, faced by companies during standard 

implementation phase, is the correct interpretation and designation of the execution class 

to a steel structure. Therefore, the present situation calls for specific instructions, which 

can be used by a designing and consulting company to carry out an appropriate steel 

structure execution class assignment. 

 

1.3 Objective and research questions 

The objective of this Master’s thesis is to develop a clear and simple guideline for EN 

1090-2, which is based on the detailed analysis of the steel structures made by the target 

company Rejlers Oy. The guideline is aimed to ease the understanding of the standard 

and particularly to assist and clarify the process of steel structure’s execution class 

assignment. The guideline can be both hard and soft copy and should be user friendly for 

designers and other engineering staff who are not familiar with the execution class 

concept. The guideline will be used in design and consulting company Rejlers Oy. The 

following research questions are providing an overall perspective to the present research 

and aids to the solution of the research problem. Moreover, the research questions 

consider possible future development of the standard and define prerequisites of 

standardisation trends. 

1. How should Rejlers Oy adjust their steel structures consulting and design activities 

to be aligned with EN 1090-2 standard requirements? 

2. What information from EN 1090-2 standard and other related standards should 

Rejlers Oy take into consideration while designing steel structures or its parts and 

why? 

3. How will EN 1090-2 guideline help the manufacturers and designers to define the 

execution class?  

4. What are possible future trends of the standard development and what mitigation 

measures can be taken to address them? 

 

1.4 Research methods 

Current research was conducted utilising literature review and surveying research 

methods. The choice of these methods was made to achieve the objective of the study, 



10 
 

which requires in-depth understating of state-of-the-art of steel structures research and 

up-to-date data from the industrial manufacturing and consulting companies. 

 

A literature review of the general steel structures design rules was carried out to obtain a 

clearer understanding of the field. The successful creation of the guideline requires solid 

knowledge of various aspects of steel structures design, such as fatigue behaviour, 

manufacturing methods, materials properties, reliability issues and other aspects. As the 

thesis primary focuses on standard EN 1090-2 and related standards, the vast amount of 

information was obtained from these sources. Additional literature was required to predict 

the standard development patterns and trends. Such predictions can be made by using 

the drafts of the future standards, scientific articles and magazines. The preliminary 

search trials show that scientific papers of interest were published during the last seven 

years, since standard EN 1090-2 was introduced in 2008. Information from commercial 

materials has been also considered in the present research along with the other literature 

on the subject. The study of Finnish scientific articles and magazines revealed a few 

materials regarding EN 1090-2 implementation and applications. This literature suggests 

that certain Finnish manufacturing companies have non-detailed standard implementation 

guidelines for their specific areas of interest. However, a clear, understandable and widely 

accessible guideline is of a great need. 

 

A series of semi-structured interviews and a survey of Rejlers Oy representatives and 

their customers were conducted. One of the survey and interview goals is to determine 

the requirements for the guideline. Another goal is to understand the needs of the 

manufacturer in order to create the guideline for Rejlers Oy. The interview and survey 

questions were different for Rejlers’ representatives and for its customers.  

 

1.5 Scope 

The present research focuses on deep understating of EN 1090-2 standard and leaves 

behind welding procedure specification, preparation for manufacture and assembly 

execution, because these aspects are not needed to determine steel structure’s execution 

class. Only steel structures have been discussed in the present work, leaving behind 

concrete and aluminium structures. Moreover, the research formulates predictions for the 

future development of the standard to mitigate possible risks. Risks can occur due to the 

unexpected development of the standard, which cannot be derived from the current 

standard and can be predicted only based on experts’ opinions and future trends. 
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1.6 Contribution 

Author’s contribution was studying the literature, making interviews, creating the guideline 

and analysing the future trends in European standards development. The research work 

presents novel knowledge of the standard implementation, which can be used by Rejlers 

Oy to improve its services and therefore obtain greater customer satisfaction. Additionally, 

the results of the research have practical benefits for the design and consulting industry 

by delivering the freely-accessible clear and simple guideline for EN 1090-2 standard 

implementation for steel structures, focusing on the execution class assignment. 

 

1.7 Case study 

Thesis includes a case study of Finnish engineering consulting company Rejlers Oy. 

Rejlers Oy is operating in the steel structures industry for a long time and to remain 

competitive they have to cope with the ever-arising challenges, one of which is the new 

standards requirements. Rejlers is the common name for a group of Nordic countries 

companies in Sweden, Finland and Norway. The main field of Rejlers operations is 

engineering consultancy services for customers in the construction industry. Rejlers is a 

large industrial consulting company completing over 8000 customer projects annually. 

Among the largest customers of Rejlers are well-known Finnish and international industrial 

giants such as ABB, Siemens, Konecranes, Fortum, Neste Jacobs, TeliaSonera, 

Trafikverket, E.ON, Volvo and Vattenfall. Rejlers brings together consultants with a wide 

expertise to lead projects of the preliminary layouts and design plans, construction, project 

planning and project management [2]. 
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2 LITERATURE REVIEW 

 

 

The literature review covers general steel structures design rules and analysis of EN 

1090-2 and related standards. The deep understanding of steel structures industry 

requires reading handbooks on various aspects of steel structures design, such as fatigue 

behaviour, design of seismic resistant steel frames, manufacturing methods, materials 

properties and reliability issues. The research uses Knovel online database, which offers 

an extensive collection of engineering handbooks, published in the recent decades. A 

large part of information has been taken from EN 1090-2 and related standards, because 

they contain the most important parts for creating the guideline. Additional literature is 

needed to make an attempt to predict the standard development patterns. Such literature 

might include drafts of the future standards, scientific articles, reports made by standard 

associations and other sources on that matter. The data is collected from Scopus, 

Science Direct and other online databases.  

 

One of the first steps of literature review is making an analysis of all available literature on 

the subject. Keywords “Standard for steel structures” and “Eurocode” has been searched 

in the Scopus database over the period 1970-2014. Similar results can be received in 

case of changing of the keywords while searching process, for example “European 

standard” and “steel structure” or similar. First articles on those keyword appeared in 

1986. The graphs (see figures 1-2) show the amount of documents classified by year and 

country. Result shows that only 47 papers were published during the chosen period, and 

five documents are not related to material science and engineering subject area, so 42 

documents out of 47 remained. Among these publications about three quarters are 

articles, less than one quarter are conference papers, and negligible amount of notes, 

reviews and reports. The largest number of scientific works has been written between 

2006 and 2011 (16 papers). Germany is leading in number of published papers (7 works), 

followed by UK (6 works) and France (4 works). Almost 90% of scientific works are related 

to the field of engineering, and about 45% are related to the field of material science [3]. 
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Figure 1. Number of publications on steel structures and European standards in Scopus 

classified by years [3]. 

 

 

Figure 2. Number of publications on steel structures and European standards in Scopus 

classified by coutries [3]. 

 

The second step of the literature review was done to obtain general understanding on the 

issues around EN 1090-2 standard discussed in the Internet. Several important 



14 
 

observations have been made. There are articles in several languages, which are dealing 

with the implementation of EN 1090-2 standard [4, 5]. Some of them are translated 

versions of EN 1090-2 standard to different languages [6, 7], other are guidelines of EN 

1090-2 [5]. It can be concluded that discussion on EN 1090-2 guidelines is ongoing widely 

in Europe. 

  

An interesting observation is that many companies are focused on support of the 

implementation process in industry, or individual consults are utilised [4]. This gives a 

signal that it is relatively difficult to apply EN 1090-2 standard, and some support for 

implementation outside the company is needed. Based on online sources, it seems that 

the CE marking is used to increase prestige of the brand and put an emphasis on quality 

of the producing company [8]. This shows that during the first stages of the 

implementation, the certificate really supported company’s goals to improve its brand. 

However, later it has been accepted as a law, which should be obeyed and more focus 

have been put on ensuring the quality of the products. During the review plenty of 

educational materials were found in the Internet, dealing with the implementation of 

standard 1090-2 [9,10]. Some material is available, for example, from the following 

sources: 

- Finnish Standards Association (SFS) [10] 

- Professional organisations [6] 

 The Federation of Finnish Technology Industries (Finnish: 

Teknologiateollisuus) 

 Finnish Constructional Steelwork Association (Finnish: 

Teräsrakenneyhdistys) 

 Finnish Transport Agency (Finnish: Liikennevirasto) 

- Individual consulting enterprises (for example, Laatu-Erkki) [7] 

- Engineering consulting companies (for example, Metsta Ry) 

- Universities and schools (for example, Lappeenranta University of Technology 

(LUT), Tampere University of Technology (TUT)) [11] 

 

The material in the Internet includes different types of education packages, which cover 

the topics like “EN 1090 and the Factory Production Control (FPC) manual” [12], which 

present answers to the following questions: 

- What areas and products does the CE marking cover? 

- What are the ductility, consequence classes, service and production categories 

and how they are assigned? 
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- What do the previous terms mean for steel structures? 

- Who are the authorized organisations allowed to give certification?  

 

Many organisations have acknowledged the importance of EN 1090 standard for Finnish 

industry and they have faced the difficulties to interpret the standard’s requirements. To 

tackle these difficulties, some organisations have started their own educational programs. 

This action shows that there is still a lack of information on standards EN 1090-1 and -2 

implementation. EN 1090 is a common name for group of standards, which contain 

manufacturing and assembly requirements. EN 1090 [27] includes three parts: 

- “EN 1090-1: Requirements for conformity assessment for structural components  

- EN 1090-2: Technical requirements for the execution of steel structures 

- EN 1090-3: Technical requirements for the execution of aluminum structures” 

As it was said before, the present work focuses only on steel structures; therefore parts 1 

and 3 are outside of area of this research. 

 

It is important to highlight that during the past few years organisations working with steel 

structures have started to make collections of frequently asked questions (FAQs) dealing 

with EN 1090-2 standard [13], therefore it is evident that same type of questions are 

widely discussed in industry. Organisations that are authorized to give the certificate have 

paid a lot of attention to the implementation of standard EN 1090-2 (for example, Tukes 

[14]). 

 

In engineering journals there are a number of articles about EN 1090 [15, 16]. As a minor 

thing it was observed that professional engineering journals, for example, welding 

technology journals, or business and engineering journals have been talking about the 

importance and rules of EN 1090-2 standard. The majority of the articles seem to have 

focused on steel structure designs and manufacturing because companies mentioned in 

the articles have been often working as subcontractors for other manufacturing 

companies. It seems that each company has its own questions regarding applications of 

EN 1090-2 standard for its own production and utilised subcontractors.  

 

This review based on online materials gives an impression that problems dealing with 

applications and interpretation of EN 1090-2 are similar in various industrial companies. 

The hardest problem is to find reliable and simple guidelines, which support the 

production at each individual company. Based on the observation, the questions are 

usually detailed and are focused on evaluating separate components or parts of steel 
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structures. Because there seems to be a serious lack of information, several educational 

channels have been created to provide free or commercial education on the effective 

implementation of EN-1090-2 standard. Obviously, focused support is required especially 

for correct execution class assignment according to EN 1090-2 standard. Hence, the 

review showed that there has been a need to write a Master or Bachelor’s thesis dealing 

with the implementation and interpretation of EN 1090-2standard [5]. 

 

2.2 General rules for steel structures design 

Studying steel structures and European standardisation cannot be complete without 

knowledge of industrial design rules. Steel structures design should fulfil a range of 

common recommendations, as well as additional rules for bridges and buildings. The 

general design rules for steel structures are presented in two standards: EN 1990, which 

describes basics of structural design, and EN 1993-1-1, which describes design of steel 

structures, general rules and rules for buildings.  

 

Every structure should be designed to meet three criterions: structural resistance, 

serviceability and durability. Structural resistance is a capacity of structural component or 

its cross-section to stand actions without failure, for example, buckling resistance and 

bending resistance. In the event of fire, structural resistance should be adequate for the 

required period of time. Serviceability refers to the conditions, under which a structure is 

considered to be useful. Durability is a structure ability to undergo permanent deformation 

without cracking or fracturing [17]. 

 

Three mentioned factors together formulate reliability. It is the main measure of steel 

structure performance. Design and performance of a structure should have a relevant 

reliability level, and the structure sustain influences and actions during period of its 

operation. Human errors can have consequence effect like failure or explosion of a 

structure. It is possible to avoid those damages by excluding or limiting the following 

factors [17]: 

1. Reduction or elimination of hazards 

2. Selection of structural shape with low sensitivity to hazards 

3. Selection of design to guarantee structural integrity 

4. Designing structural construction which will not collapse without visible defects 

5. Connecting parts of structural system  

These factors depend on the following aspects: materials, detailing and specifying control, 

suitable design, production, and execution and service conditions [17]. A steel structure 
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should be able to operate in several service situations, which are classified into the 

following groups [18]: 

 Ordinary situations with normal use conditions 

 Repair or execution design situations, when the structure is under particular 

conditions 

 Accidental design situations, when the structure is operating under extraordinary 

conditions or to its exposure to fire, explosion or localized failure 

 Seismic design situations, when the structure is designed to operate in seismically 

active regions 

 

Another approach to assess reliability of a steel structure is design working life. Design 

working life has five different categories, depending on design working life duration (see 

table 1) [17]. It can be seen that the lower category relates to temporary structures, which 

are able to operate up to ten years. Replaceable structural parts refer to second category, 

which covers period of ten to twenty five of working life. The third category of design 

working life refers to a period from fifteen to thirty years, and it is for agricultural 

structures. Building structures can stand for fifty years, and this is forth design working life 

category. The last category describes wide range of building structures: monumental, 

bridges and other civil engineering structures, and they should stand for one hundred 

years. 

 

Table 1. Indicative categories of working life [mod. 17]. 

Design 

working life 

category 

Indicative design 

working life in 

years 

Examples 

1 10 Temporary structures (except those, which can be 

dismantled and being reused) 

2 10 - 25 Structural parts, which can be replaced, for 

example, gantry grinders and bearings 

3 15 - 30 Agricultural and similar structures 

4 50 Building structures and other common structures 

5 100 Monumental building structures, bridges and 

other civil engineering structures 

 

Reliability management presumes that various reliability levels can be specified for 

structural resistance and for structure serviceability. Moreover, reliability levels, related to 

structural resistance, can be obtained by the utilisation of following measures [17]: 

1. Preventative and protective measures  
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2. Measures related to design calculations 

3. Quality management measures. 

This chapter described only general design rules, which relate to reliability, sustainability, 

structural resistance and durability. More details can be found in EN 1990 and EN 1993-1-

1. 

 

2.3 Steels used in Finland 

Material selection process is as essential for designing robust steel structure as following 

design rules. Various steel properties are assessed during design process, and 

manufacturing companies produce constructions according to recommendations given in 

European standards.  

 

Finland is a North European country, during winter times there can be as cold as -40°C. 

The country area is not seismic and not covered with extremely high mountains, only cold 

temperatures should be taken into consideration, as well as areas with permafrost [19], 

because building there requires specific approach. Steel, being used in Finland, satisfy 

Charpy impact test requirements, which normally 27 J at operation temperatures [20]. For 

instance, steel grade S355J2H [21] and S355K2+N [22], which are used in Finland, have 

to resist impact loads of 27 J and 40 J respectively at -20°C. Amount of snow load in 

Finland is small relatively to mountain regions of Western Europe, and load varies from 

1.2 kN/m2 (light pink colour in the figure 3) to 2.7 kN/m2 (red colour in the figure 3) at sea 

level [23].  
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Figure 3. Snow load in Finland and Sweden at sea level [24]. 

The most commonly used steel for structures in Finland are non-alloy steels (non-alloy 

quality steels and non-alloy special steels), stainless steels and other alloy steels (alloy 

quality steels and alloy special steels) [24]. Non-alloy quality and stainless steels are most 

commonly used in constructional steelwork. Examples of widely used steels in Finland are 

S355, S420, S550, and S700. According to various Finnish manufacturing companies 

[25], working on internal and external market, large amount of steel applications is 

produced within the country. Some of the examples are [25]: 

1. Agriculture applications 

2. Mining equipment and machinery 

3. Automotive applications 

4. Steel piles for railway and harbour constructions, for road construction, and for 

building foundations 

5. Frame structures 

6. Cranes 

7. Pipelines 

8. Safety barriers  

9. Bridge structures 

10. Light engineering (for example, bike frames) 
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11. Steel roofs for houses 

12. Load-bearing sheets used in renovation projects, in public buildings, recreational 

buildings, in office and industrial buildings. 

 

Many of these examples relate to category of steel construction, like pipelines, light 

engineering products, cranes. Other examples like bridges or mining machinery contain 

steel parts, which can be considered as steel construction. 

 

2.4 Historical development of EN 1090-2 standard 

Standard EN 1090-2 appeared in Europe on the basis of several previous standards. 

European execution requirements for structural steelwork developed in the late 1980s by 

CEN Committee. It had name ENV 1090 and contained six parts, the first part “General 

rules and rules for buildings” was issued in 1996. Five other parts were published over the 

next four years. CEN Committee received numerous comments regarding the standard, 

and then the Committee decided to merge six parts into one, which became EN 1090-2 

[26].  

 

Two factors affected the development of EN 1090-2 standard. The first one is connected 

with an absence of funded project team for the drafting work, as there had been with the 

Eurocode parts (Eurocode is a common name for set of standards developed by CEN, it 

also has number according to the latest number in the code of a certain standard). This 

had a delaying effect on the development; consequently the final draft of EN 1090-2 was 

released only in 2005. Secondly, due to fundamental differences across European 

countries, including climate, soil type and exploitation terms, the development of universal 

rules is challenging. Therefore, EN 1090-2 covers a wide range of parameters, and the 

specific gaps have to be filled by the user of the standard [26]. EN 1090-2 is essential for 

defining the demanded quality and testing standards, which could have an important 

influence on the reliability of the design values [27]. 

 

Release of EN 1090-2 resulted in many discussions by European countries regarding 

compatibility with EN 1990 standard. They included proposals for specific testing and 

fitness for purpose welds assessment, based on EN 1990. Scandinavian countries, 

particularly Finland and Sweden, were active in the European Standardisation Committee 

working group and together with others voted against the final version of EN 1090-2 

release, but still the standard has been finally approved and introduced in 2008. It should 

be also noticed that usually the development of new standards happens on a single level 
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(European or International) as foreseen in the Vienna Agreement or Dresden Agreement. 

According to these agreements, the standard was approved simultaneously as 

International (ISO) and European Standard [28]. EN 1090-2 has 177 normative references 

to other standards, which are not convenient to use, and 200 chapters requiring user 

decision [26]. 

 

The main novelty, which was brought by the standard, is a concept of execution class. EN 

1090 is a set of different standards for various applications, including construction 

aluminium and steelwork. Execution class is a classification of steel structures according 

to manufacturing method, reliability requirements and terms of exploitation. The designer 

should select execution class for the whole structure, according to the matrix of different 

parameters. The matrix included three levels of consequence class, which respected to 

classes of reliability, being introduced in previous standards, the new service category, 

which was only defined in qualitative terms. For example, a component or a structure is 

considered to be susceptible or not susceptible to fatigue. EN 1090-2 has its positive and 

negative aspects (see table 2) [26]. Positive side includes presence of more details of 

manufacturing methods, comparing to previous standards, and improved qualification 

management system. Negative points relate to challenges in understanding the standards 

and possible risks. 

 

Table 2. Positive and negative aspects of EN 1090-2 [26]. 

Positive aspects Negative aspects 

1. The standard is an up-to-date 

document with the EN-reference 

standards, completed over last 20 years 

2. It addresses high strength steels, cable 

and cold rolled hollow sections 

3. It includes guidelines for laser and 

plasma cutting 

4. It contains qualification requirements 

for welding coordinators, welders and 

welding inspectors 

5. It addresses quality management 

systems, including documentation, plans, 

which lays the basis for approval of FPC 

or fabricators 

6. It covers a wide range of geometrical 

tolerances 

7. It describes surface treatment methods 

of corrosion protection 

1. Comparing to predecessors, the new 

standard does not set a clear cut standard 

but large number of links to other 

standards 

2. Selection of an inappropriate standard 

can put at risk structural integrity, or the 

structure could become unnecessarily 

expensive 

3. General understanding of the standard 

is complicated and requires a lot of 

additional information. 
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2.5 Various standards for steel structures 

As mentioned above, EN 1090-2 standard connected together all standards on steel 

structures. Though this Master’s thesis concentrates only on EN 1090-2, it is still important 

to look at other standards. Standards for buildings and steel structures are usually a 

guideline for applying certain rules to a range of parameters and features to the 

construction process, containing large amount of references to other standards. In case of 

EN 1090-2, designer has to know the basics of design represented in EN 1990 standards 

family; also EN 1991, which tells about actions on structures; and variations of EN 1993, 

which present details on design of steel structures; and EN 1998 standards family, which 

describes rules of earthquake resistance in seismic regions. The relationship of standards 

related to EN 1090 is shown in table 3. 
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Table 3. Eurocodes relationship diagram [29]. 

Functions Standards 

Structural safety, 

serviceability and durability 
EN 1990 Basic of design 

Actions on structures 

EN 1991 Actions 

EN 1991-1-1 Selfweight imposed loads 

EN 1991-1-2 Fire 

EN 1991-1-3 Snow 

EN 1991-1-4 Wind 

EN 1991-1-5 Temperature 

EN 1991-1-6 Construction 

EN 1991-1-7 Accidental 

EN 1991-2 Traffic on bridges 

EN 1991-3 Actions from cranes 

EN 1991-4 Actions in silos, tanks 

Design and detailing 

EN 1992 Concrete 

EN 1993-1 Steel - generic 

EN 1993-1-1 General and buildings 

EN 1993-1-2 Fire 

EN 1993-1-3 Thin gauge 

EN 1993-1-4 Stainless steel 

EN 1993-1-5 Plate buckling 

EN 1993-1-6 Shells 

EN 1993-1-7 Plates and membranes 

EN 1993-1-8 Connections 

EN 1993-1-9 Fatigue 

EN 1993-1-10 Fracture 

EN 1993-1-11 Tension elements 

EN 1993-1-12 High-strength steels 

EN 1993-2 Bridges 

EN 1993-3 Masts and towers 

EN 1993-4 Silos, tanks, pipelines 

EN 1993-5 Steel piles 

EN 1993-6 Crane supportive structures 

EN 1994-1 General and buildings 

EN 1994-2 Bridges 

EN 1995 Timber structures 

EN 1996 Masonry structures 

EN 1999 Aluminium 

Geotechnical and seismic 

design 

EN 1997 Geotechnical design 

EN 1998 Seismic actions 
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2.6 Current implementation practices of EN 1090-2  

The harmonized standard, which includes structural steelwork, which is called “EN 1090: 

execution of steel structures and aluminium structures”, has become mandatory on 1st of 

July 2014. It therefore became a legal requirement for fabricated structural steelwork to 

get CE marking [27]. When a manufacturing company makes an order for subcontractor to 

design a steel structure or its component, the execution class must be assigned to get CE 

marking. Manufacturing companies used to include the desired execution class into basic 

order requirements. As a result, the subcontractor knows in advance the list of design 

requirements. According to questionnaires results of Rejlers Oy (Kotka office), customers 

stopped to require a certain execution class, which is needed for an order, and started to 

demand the consulting company to specify it.  

 

Interviews, which were conducted in various Finnish manufacturing companies, showed 

that managing directors and experts are not fully aware of EN 1090-2 standard. Moreover, 

execution class assignment, which is needed for CE marking, is required in less than 25% 

of orders (see appendices 2, 3). Designers of consulting companies do not possess 

knowledge of execution classes, and it seems to be complicated to understand EN 1090-2 

standard. Therefore, currently they rely on previous experience. On one hand, it makes 

the work easier for a designer. For example, if designer had requests for tanks design, 

which usually had execution class 2 (EXC2), earlier, the next time the designer can 

choose the same execution class. This approach does not cover all possible cases of 

designing tanks. Some features can be different from previous orders, and the execution 

class might change as well. 

To further assess current implementation practices, the set of questions for companies 

was formulated and interviews were conducted. The interview questions and results are 

discussed in chapter 3. 
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3 RESEARCH METHODS 

 

 

Survey and literature review are in the core of the present research work. It was decided 

to conduct a series of semi-structured interviews with both Rejlers Oy representatives and 

their customers to estimate the level of EN 1090-2 awareness within steel structures 

industrial companies. The questionnaire as a research method was applied to evaluate 

staff knowledge of the standard. The questionnaire evaluates knowledge of the following 

aspects (see appendix 3): 

 Types of steel structures 

 Seismic regions design 

 Frequency of requests to follow the standard rules 

 Classification of requests and difficulties in understanding between manufacturing 

company and subdesigner 

Though the topics mentioned above were meant to cover basic aspects of EN 1090-2, the 

ongoing research showed that the comments for some of these topics are not relevant for 

this Master’s thesis. For example, as Finland is placed in non-seismically active region, 

and most Rejlers’ orders are coming from Finnish companies, there is no need to 

investigate knowledge of seismic regions design. Table 4 lists common and individual 

parts of questionnaires for Rejlers and their clients. 
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Table 4. Survey questions for Rejlers and their clients (see appendices 2, 3). 

 

Additional 

questions for 

Rejlers  

Questions for both 

Rejlers and clients 

Additional 

questions for 

clients  

Types of 

steel 

structures 

- 

What are the most 

popular orders/steel 

structures? 

What grades of 

steel are being used 

for steel structures? 

Frequency of 

requests to 

follow the 

standard 

rules 

- 

How often EN 1090-2 is 

being required for your 

design products? - 

Classification 

of requests 

and 

difficulties in 

understandin

g 

- 

1. What difficulties in 

understanding of 

requests concerning 

execution of design? 

2. How do you usually 

classify the requests? 

3. Are there any 

common 

requirements for 

orders? 

- 

Other 

questions 

How familiar you are 

with EN 1090-2 

standard? 

Who do you think should 

be responsible for EN 

1090-2 applying 

procedure in your 

company? 

Does your company 

care about 

recycling? 

 

Questionnaire for manufacturers consists of 15 questions divided into 8 groups (see 

appendices 2, 3), and it was addressed to 6 people from various manufacturing 

companies. The first question assesses the frequency of requests to follow EN 1090-2 in 

manufacturer’s practice, and the second one is about types of commonly manufactured 

structures. It was found that this question is not so important. Third group of questions is 

aimed to find out the most used steel grades by manufacturer. Next step is asking about 

the recycling in a manufacture company, and request to explain briefly how the company 

addresses the issue. The next three questions require an open answer; they are dealing 

with the level of communication between manufacturer as client and a subcontractor. 

These questions were asked to learn more about communication process difficulties, 

about classifying requests and common set of requirements for subdesigners. 

 

The open questions were aimed to make manufacturer’s representatives to describe the 

situation in details. Though it seems that open questions could give maximum information 
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for the present research, some of the interview questions still contain check boxes, and in 

the end of the list with multiple choices options the request to describe the choice. The 

final set of questions for manufacturers is dealing with the opinion of surveyee. There is a 

list of job titles, and it is asked to mark the position of a person who should be responsible 

for EN 1090-2 standardisation, according to the person’s opinion. This part finishes with 

the request to explain the choice in a few words. It was aimed to get the opinion of the 

surveyee in case there is some misunderstanding or lack of EN 1090-2 knowledge. 

 

The questionnaire for Rejlers’ representatives (design managers and experts), was also 

conducted (see appendix 2). The goal of this questionnaire was similar to manufacturing 

companies’ questionnaire. The only difference is the final result, which shows the whole 

picture of EN 1090-2 awareness from the subdesigner’s point of view. Moreover, some 

technical terms have been presented in both English and Finnish languages, as Rejlers’ 

representatives requested. It was expected that level of standard understanding in Rejlers 

is higher comparing to manufacturing companies. It was decided to ask almost the same 

questions but with minor differences. The interview contains a question where the Rejlers’ 

representative is requested to evaluate him/herself about personal awareness of EN 

1090-2, and this is made in a Likert scale, which ranges from 1 (little awareness) to 5 

(excellent awareness). While analysing interview results, this question became the most 

helpful for the research work. 

 

On the next step it was asked in what way Rejlers classifies the requests and what 

difficulties in understanding they have during communication process. It was decided to 

fulfil the questionnaires with large amount of open questions, in combination with 

checkboxes. The last question repeats interview for manufacturing companies: Who 

should be responsible for EN 1090-2 applying in Rejlers? Totally Rejlers’ questionnaire 

consists of 13 questions, and most of them are the same as for manufacturing companies. 

It was important to find common points for two different types of companies: manufacturer 

and subdesigner.  

 

3.2 Interviewee companies 

Four manufacturing companies, the clients of Rejlers, were chosen for the survey: Laitex, 

Outotec, Kotkan Konepaja Oy and The Switch. The reason for this choice is the frequency 

of orders made by these companies in Rejlers (office in Kotka). They are the most popular 

clients, according to Rejlers’ opinion. Moreover, these companies specialise on steel 
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products in different areas of manufacturing. This chapter provides basic information 

about them.  

 

Laitex Oy is a Finnish leader in conveying solutions [30]. Founded in 1986, Laitex Oy has 

three decades of experience in supplying equipment and systems worldwide. Major 

operational area of company is power industry: solid fuel boiler plants. They involved in 

the development of solutions for power plants, making conveying systems for receiving 

stations of power plants (see figures 5 and 6). Their solutions cover fuel sifting and, where 

required, crushing. Laitex delivers conveyors for use inside the facility, for example, for 

fuel feeding or sand and ash processing. The product range includes feeders for fly ash 

and filter dust. Laitex participates in the construction of chemical and mechanical wood 

processing plants, and in the delivery and maintenance of individual conveyor equipment. 

Their conveyors are used in mass processing, the conveying of surfacing and filler 

materials and by causticizing plants, wood rooms, sawmills, and plywood mills. Moreover, 

Laitex operates in mining industry and industrial minerals, implementing various conveyor 

solutions for transportation of concentrates, from filtering to storage and for the cement 

and lime industry. Laitex also provides solutions for transportation of talcum, chalk, 

calcium carbonate, kaolin and other industrial minerals. In chemical industry Laitex 

provides solutions for concentrates, calcinates, precipitate, sludge, dust, and ash. Where 

required, these solutions can be supplemented with mixing, shredding, heating and 

cooling. In the environmental maintenance field Laitex designs and manufactures 

equipment for handling of waste and recycled materials such as shredders and crushers. 

Their solutions are suited for various materials, including industrial waste, community 

waste, plastic, paper- and wood-based materials, rubber, tires, cans and barrels. All 

products are CE marked, and ISO 9001 and ISO 3834-2 certified quality systems indicate 

the high quality of the products and services [30]. Table 5 shows the summary of Laitex’s 

products, and figures 5-6 give examples. 
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Table 5. Laitex’s various solutions. Filters, elevators’ and conveyors’ design is being 

subcontracted by Rejlers Oy and should be followed by EN 1090-2 [30] 

Rotary valves  Conveyors and dischargers  

 Solid fuel feed systems 

 Ash handling 

 Power generation and soda 

recovery boilers 

 Electrical filters 

 Other filters 

 Wood processing 

 Cement and lime manufacturing 

 Chemical industry 

 Industrial minerals 

 Sand handling 

 Pneumatic conveying 

 Systems with different pressure 

ranges 

 Material dosing 

 Screw conveyors and screw dischargers 

 Drag chain conveyors 

 Elevators 

 Drag conveyors and belt dischargers 

 Stoker dischargers 

 Fuel receiving station with chain discharge 

 

 

 

Figure 4. Rotary valves produced by Laitex. Parts of this structure are structural 

steelwork, which has to be designed in accordance with EN 1090-2 standard. [30] 

 

 

Figure 5. Belt conveyor produced by Laitex. Support of this structure is structural 

steelwork, and it has to be designed in accordance with EN 1090-2 standard. [30] 

 

Second company Kotkan Konepaja Ltd., which was founded in 1986 in Kotka, produces 

machinery services customisation and specialises in outsourcing complete parts of 
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equipment. The company utilises ISO 9001- and ISO 14001- quality management system. 

They manufacture metal bearings and develop processes such as engineering by 

dimensions, manufacturing of the new bearing body, casting, body surface treatment, 

machining, inspection, surface finishing and installation. Additionally, they also refurbish 

used bearings, including processes such as removal of bearing metal, casting of the new 

bearing metal, painting/cleaning of the body, inspection and surface finishing, machining 

bearing surfaces and disassembly/installation. Moreover, Kotkan Konepaja specialises in 

titanium products, especially tanks, mixers, scrapers, pressure devices and piping 

systems. They manufacture special steel products, such as fireproof and hot-strength 

steel (digesters and their parts, heat treatment ovens, process and industrial ovens (see 

figure 6), also pulp industry devices and piping, pressure tanks and piping, dam gates and 

flood gates [31]. 

 

Figure 6. Industrial oven made of hot-strength steel by Kotkan Konepaja. This structure is 

needed to be designed in accordance with EN 1090-2 standard. Moreover, this oven 

represents a typical example of tank, often mentioned in this standard. [31] 

 

Next company is The Switch. They work to develop advanced electrical drive technology 

for renewable and industrial applications. Company’s main focus is wind, marine and 

special industrial applications. On earlier stages of its development company was 

producing full-power converters and permanent magnet generators (PMG) as desirable 

wind turbines technology, and currently brings this technology to the market. The Switch’s 

full-power converters are designed to work with PMG as a fully optimised drive package 

[32]. 

 

Based on its achievements in the wind turbine industry, The Switch is currently 

manufacturing permanent magnet (PM) machines and frequency converters that are 



31 
 

designed for shipbuilding industry. Based on permanent magnet (PM) technology, 

company’s drives are proven to serve in large range of rugged applications [32]: 

1. Heavy-duty industrial applications (PM motors for heavy industry, oil and gas, 

compressors and pumps, energy storage and combined heat and power (CHP)) 

2. High-speed industrial applications (see figure 7) 

3. CHP (variable speed genset (VSG) electrical drive, consisting of PMG and full-

power converter) 

4. Energy storage (solutions for battery-based or air-compression based energy) 

5. PM machines (the power range extends to multi-megawatt class and speed 

reaches up to 2000 rpm) (see figure 8) 

6. Power converter 

 

Figure 7. High-speed industrial application products made by The Switch. Steel parts of 

these mechanisms have to be designed in accordance with EN 1090-2 standard. [32] 

 

 

Figure 8. Permanent magnet machines produced by The Switch. Steel parts of these 

mechanisms have to be designed in accordance with EN 1090-2 standard. [32] 

 

The last company being interviewed is Outotec, which develops customer-oriented 

solutions and life cycle services for minerals and energy, metals, water and chemical 

processing. The company presents process solutions, which are carried out on proprietary 
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process equipment for a wide range of mineral processing applications. Outotec creates 

leading technology solutions and services for the processing of [33]: 

 Ferrous metals and ferroalloys  

 Non-ferrous metals  

 Light metals 

 Recycling and residues  

 

Outotec produces a large variety of devices and develops process know-how for filtration, 

tailings thickening, metals recovery solutions and waste water utilisation reuse methods. 

Outotec possess extensive expertise on process development and life cycle management. 

The company’s main product range consists of [33]: 

 Smelter equipment (see figure 9) 

 Cooling towers 

 Flotation cells 

 Filtering solutions 

 Fluidized bed reactors equipment 

 Furnaces (see figure 10) 

 Gravity separators 

 Grinding and milling machines 

 Magnetic separator setups 

 Reactors 

 Roasting equipment 

 Thickeners 

 

Figure 9. Outotec smelting equipment partly consisting of steel structures, which is 

designed in accordance with EN 1090-2 standard. [33] 
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Figure 10. Direct current furnace testing at Pori Research Center, Ferroalloys technology 

by Outotec. Parts of the mechanisms used in this furnace are partly consisting of steel 

structures, which are designed in accordance with EN 1090-2 standard. [33] 

 

On the second part of interviews Rejlers staff participated. Six design managers and 

experts from Kotka, Mikkeli and Tampere have been interviewed. They have been 

working in Rejlers from 2 to 16 years, which is 7 years 9 months in average, and therefore 

it is reasonable to rely on their professional experience.  

 

3.3 Qualitative and quantitative approaches 

Questionnaires contain both qualitative and quantitative responses, and in some cases 

they are combined into one question. Analysing responses gives a chance to compare 

answers given for the same questions by different sides: client (manufacturing companies) 

and subcontractor (Rejlers).  

 

One of first things being asked from interviewees is the frequency of requests to assign 

the execution class according to EN 1090-2. Only half of respondents among Rejlers’ 

representatives said that it is required in 25% requests. The other half said that they are 

not sure how frequent it is required. Possible reason for the second result is that not 

suitable people in Rejlers have been asked, or even some people are not aware enough 

of EN 1090-2 standard.  
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Meanwhile majority of manufacturing companies’ representatives responded that EN 

1090-2 is required in 25% requests. They explain that they are mainly supplying 

equipment followed by Machine Directive [34], and steel structures are not CE marked in 

details but supported as the whole equipment. These words are referred to 

manufacturers, which main products vary from buildings and bridges to silos, tanks and 

larger service platforms. At the same time responses showed that manufacturing 

companies representatives actually work with silos, tanks, filters and frames as products 

to be subcontracted, where EN 1090-2 should be applied. Comparing to Rejlers’ 

responses, it can be seen that manufacturers mostly work with silos, filters, 

pipes/pipelines, tanks, cranes and vehicles. Sometimes they work only with parts of 

equipment or machine but not the whole equipment or machine. Due to some matches 

between products, it can be concluded that probably different people among 

manufacturers should have been asked. 

 

When Rejlers’ respondents were asked to rate how familiar they are with EN 1090-2, it 

was found that maximum level of knowledge is 3 out of 5, and the average level is 1.8 out 

of 5. Attempt to check how they are actually aware of execution classes, failed, as only 1 

out of 6 respondents could demonstrate this knowledge. They account for inability to 

classify steel structures according to EN 1090-2. However, respondents both from Rejlers 

and manufacturing companies shared their opinion about the person who has to be 

responsible for applying EN 1090-2. Mostly they think that there should be either product 

or project manager, director of department or expert in their company, and there were only 

design managers, designers or department managers of mechanical engineering among 

interviewees. Manufacturing companies’ representatives explain that projects are usually 

designed case by case, and engineering side handles technical solutions, as well as 

considers applicable standards. That is why they mostly rely on the mentioned job titles to 

be responsible for applying EN 1090-2.  

 

Design managers from Rejlers explained the difficulties in understanding between them 

and their clients related to request orders. They report that the standard is not being used 

often, and in some cases they have opinion, that Rejlers’ customers do not know about 

CE marking. The requests are not clear at the first stage of design projects, and more 

requests appear after the start of a project. This situation could have been caused by poor 

project management. However, the largest limitation for design managers in Rejlers is an 

existing of customer’s own standards, which Rejlers should follow. Rejlers as a 
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subcontractor does not have time to read and study new standards brought from 

customers. 

 

These difficulties have been compared with responses received from the manufacturing 

company’s representatives, which were asked to share their experience in communicating 

with subcontractors. It was found that following project schedule has usually difficulties, as 

well as some minor technical aspects. Moreover, in some cases subcontractors do not 

know customer specification, and they do not have knowledge related to equipment 

functions.  

 

In both sides it was found that some manufacturing companies have their own standards 

for assembly and design, which are difficult to study due to limited time of project. While 

one standard could solve the problem of understanding and time management, Rejlers 

assumes that EN 1090-2 is not widely used in practice at the moment. At the same time, 

manufacturing companies require high quality work to be done by their subcontractors. 

There is always a demand to follow a project schedule, high technical level, affordable 

price, and design quality. Additionally, some respondents mentioned that if European 

standard is required for the design, a subcontractor should have knowledge of it. 
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4 EXECUTION CLASS ANALYSIS 

 

 

The topic of this research is important for design and manufacturing companies, which 

have difficulties in applying EN 1090-2 and the developed guideline contributes to the 

common understanding of this standard. A family of design and manufacturing companies 

includes the area of Rejlers’ design projects, as they specialise only on limited amount of 

structural steelwork design, such as pipelines, silos, tanks, and frames. Though this 

guideline targets on Rejlers’ area of interest, it was still decided to include parts of 

guideline for other steel structures, because this information is not presented in other 

sources.  

 

Based on the research conducted, analysed questionnaires and text of standards, the 

desirable guideline for EN 1090-2 standard for execution class assignment was created. 

The developed guideline is a document, which contains tables, figures and infographics. It 

can also be presented in a form of software application, a large table, or in other form. An 

engineer should assign the execution class according to EN 1090-2 for structures, 

components and parts. In some cases components of a structure can have different 

execution class than the whole structure. Four-step process follows to assignment of 

execution class of any component or the whole steel structure (see figure 11) [35]:  

 Step 1. Assign the consequence class. Apart from using EN 1090-2 there is a 

need to use EN 1993-4-1, EN 1993-3-1, EN 1993-3-3, EN 1993-4-2, EN 1998-4 

and EN 1998-1. 

 Step 2. Assign the service category. Apart from using table B1 of EN 1090-2 [27], 

there is need to use EN 1998-1 [36], table B1 of EN 1991-3 [37], EN 1998-6 [38]. 

 Step 3. Assign the production category by using table B2 of EN 1090-2. 

 Step 4. Assign the execution class by using table B3 of EN 1090-2. 

 

 

Figure 11. Four-step process of execution class assignment for steel structures according 

to EN 1090-2. Detailed description of each step is discussed below. [27] 
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4.2 Consequence class assignment 

According to EN 1990 [17], measures, which are aimed to minimization of the resources 

from social and financial point of view, for construction considering its expected 

consequences of failures, are called reliability differentiation. Three reliability classes (RC) 

are given in EN 1990 [17], can correspond to three consequence classes (CC) 

respectively. According to [39], the definition and classification of consequence classes 

are the following: 

 Consequence class 1 (CC1) means that “no specific consideration is necessary for 

accidental actions except to ensure that the robustness and stability rules given in 

EN 1990 to EN 1999, as applicable, are met”. 

 Consequence class 2 (CC2) means that “depending on the specific circumstances 

of the structure, a simplified analysis by static equivalent action models may be 

adopted, or prescriptive design/detailing rules may be applied”. 

 Consequence class 3 (CC3) requires that “an examination of the specific case 

should be carried out to determine the level of reliability and the depth of structural 

analysis is required. This may require a risk analysis to be carried out and the use 

of refined methods such as dynamic analyses, non-linear models and interaction 

between the load and the structure”. 

 

Quality control of the manufacturing process should have a certain level of quality control 

(see table 6). This is the reason why consequence classes have been categorised. Parts 

of a steel structure can have different consequence classes. [27]. 

 

Table 6. General consequence classes assignment [mod. 27]. 

Consequence 

class 

Description 

1 
Low consequence for loss of human life and economic, social or 

environmental consequences are small or negligible 

2 
Medium consequence for loss of human life; economic, social or 

environmental consequences are considerable 

3 
High consequence for loss of human life or economic, social or 

environmental consequences are large 

 

Tables 7-11 help to define the consequence classes for steel structures like silos, towers, 

masts, chimneys, tanks and pipelines. They were described in European standards as a 

base for other steel structures, excluding buildings and bridges. Silos, tanks and pipelines 

are the most common Rejlers’ design orders. Though chimneys and masts do not belong 

to this category of Rejlers’ design area, this work still includes the information about that. 
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This aspect enlarges the knowledge for other companies, which have to deal with EN 

1090-2 standard. 

 

Table 7. Consequence classes assignment for silos [mod. 40]. 

Consequence 

class 

Description 

1 Silos with capacity between 10 tons* and 100 tons 

2 Silos not placed in another class 

3 

Ground supported silos or silos supported on a complete skirt 

extending to the ground with capacity in excess of 5000 tons  

Discretely supported silos with capacity in excess of 1000 tons  
Silos with capacity in excess of 200 tons in which any of the following 

design situations occur:  

a) Eccentric discharge  

b) Local patch loading  

c) Unsymmetrical filling 

*Silos with capacity less than 10 tons are not covered by [40]. 

 

Table 8. Consequence classes assignment for towers and masts [mod. 41]. 

Consequence 

class 

Description 

1 

Towers and masts built on unmanned sites in open countryside; 

towers and masts, the failure of which would not be likely to cause 

injury to people 

2 Towers and masts that are not covered in classes 1 or 3 

3 

Towers and masts erected in urban locations, or where their failure is 

likely to cause injury or loss of life; towers and masts used for vital 

telecommunication facilities; other major structures where the 

consequences of failure would likely to be very high 

 

Table 9. Consequence classes assignment for chimneys [mod. 42]. 

Consequence 

class 

Description 

1 
Chimneys built in open countryside, whose failure would not cause 

injury. Chimneys less than 16m high in unmanned sites 

2 
Normal chimneys at industrial sites or other locations that cannot be 

defined as classes 1 or 3 

3 

Chimneys erected on strategic locations, such as nuclear power 

plants or in densely populated urban locations. Major chimneys in 

manned industrial sites, where the economic and social 

consequences of their failure would be very high 
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Different levels of reliability can be adopted for different types of pipelines (see table 10), 

depending on possible economic and social consequences of their collapse [43]. Pipeline 

systems shall be ensured by certain protection, depending on the possibility of causing 

harm to a number of people at risk and causing financial damage associated with pipeline 

system operation parameters being not fulfilled. Additional classification can be 

implemented in every importance class introduced in [44], based on the utilisation of the 

structure and its possible public safety concerns. 

 

Table 10. Consequence classes assignment for pipelines [mod. 44]. 

Consequence 

class 

Importance 

class 
Definition 

1 1 

Situations where the risk to life is low and the 

economic and social consequences of failure are 

small or negligible 

2 2 
Situations with medium risk to life and local economic 

or social consequences of failure  

3 

3 
Situations with a high risk to life and large economic 

and social consequences of failure 

4 
Situations with exceptional risk to life and extreme 

economic and social consequences of failure 

 

A large pipeline network generally affected by wide range of seismic dangers and soil 

special features. Moreover, its subsystems can possibly be placed longitudinal to a 

pipeline transmission system. The subsystem can be any associated facility, such as 

storage reservoirs, tanks or pumps [44]. 

 

Part 6 [38] of Eurocode 8 (family of EN 1998 standards) also classifies towers, masts and 

chimneys into four importance classes depending “on the consequences of collapse” or 

damage, on public safety importance and economic effect. The same classification is 

provided by EN 1998-1 standard for buildings and EN 1998-4 standard for pipelines. It is 

noted that importance classes 1, 2 and 3 or 4 correspond roughly to consequence classes 

CC1, CC2 and CC3 respectively [36]. 
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Table 11. Consequence classes assignment for tanks [mod. 45]. 

Consequence 

class 

Description 

1 Agricultural tanks or tanks containing water 

2 
Medium size tanks with flammable or water-polluting liquids in urban 

areas 

3 

Tanks storing liquids or liquefied gases with toxic or explosive 

potential and large size tanks with flammable or water-polluting 

liquids in urban areas. Emergency loadings should be taken into 

account for these structures where necessary 

 

Designers and their clients should agree on the correct choice of an appropriate 

consequence class in advance. If the designer is not fully aware how to define the 

consequence class, it is easy to follow the steps one by one. For instance, the task is to 

design a stadium for 10000 places in a populated zone. As parts of the stadium can be 

identified as towers and masts, according to table 8, the stadium should be assigned to 

CC3. In case the task is designing a billboard on the highway far from a populated area, 

consequence class should be CC1. The designation of the consequence class is the first 

step of the four-step-process of the execution class assignment. The data from tables 6-

11 can be presented in one common table (see table 12) for better understanding of the 

whole procedure of the consequence class assignment. 

 

  



41 
 

Table 12. Description of consequence classes for various steel structures [mod. 27, 40–

42, 44, 45]. 

Types of 

steel 

structure 

Consequence  

class 3 

Consequence  

class 2 

Consequence  

class 1 

General 

description 

High consequence for loss of 

human life or economic, social 

or environmental 

consequences are very large 

Medium 

consequence for loss 

of human life; 

economic, social or 

environmental 

consequences are 

considerable 

Low consequence for 

loss of human life and 

economic, social or 

environmental 

consequences are small 

or negligible 

Silos  

Ground supported silos or silos 

supported on a complete skirt 

extending to the ground with 

capacity in excess of 5000 

tons. 

Discretely supported silos with 

capacity in excess of 1000 

tons. 

Silos with capacity in excess of 

200 tons in which any of the 

following design situations 

occur:  

a) Eccentric discharge  

b) Local patch loading  

c) Unsymmetrical filling 

All silos not placed in 

another class 

Silos with capacity 

between 10 tons and 

100 tons  

(Silos with capacity less 

than 10 tons are not 

covered by EN 1993-4-1 

standard) 

Towers 

and masts 

Towers and masts erected in 

urban locations, or where their 

failure is likely to cause injury 

or loss of life; towers and 

masts used for vital 

telecommunication facilities; 

other major structures where 

the consequences of failure 

would be likely to be very high. 

All towers and masts 

that cannot be 

defined as classes 1 

or 3 

Towers and masts built 

on unmanned sites in 

open countryside; 

towers and masts, the 

failure of which would 

not be likely to cause 

injury to people 

Chimneys 

Chimneys erected on strategic 

locations, such as nuclear 

power plants or in densely 

populated urban locations. 

Major chimneys in manned 

industrial sites where the 

economic and social 

consequences of their failure 

would be very high. 

Normal chimneys at 

industrial sites or 

other locations that 

cannot be defined as 

classes 1 or 3 

Chimneys built in open 

countryside whose 

failure would not cause 

injury. Chimneys less 

than 16m high in 

unmanned sites. 
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Table 12 continues. Description of consequence classes for various steel structures [mod. 

27, 40–42, 44, 45]. 

Types of 

steel 

structure 

Consequence  

class 3 

Consequence 

class 2 

Consequence  

class 1 

Pipelines 

Situations with high or 

exceptional risk to life and large 

or extreme economic and social 

consequences of failure 

Situations with 

medium risk to life 

and local economic or 

social consequences 

of failure 

Situations where the 

risk to life is low and the 

economic and social 

consequences of failure 

are small or negligible 

Tanks 

Tanks storing liquids or liquefied 

gases with toxic or explosive 

potential and large size tanks 

with flammable or water-polluting 

liquids in urban areas. 

Emergency loadings should be 

taken into account for these 

structures where necessary. 

Medium size tanks 

with flammable or 

water-polluting liquids 

in urban areas 

Agricultural tanks or 

tanks containing water 

 

4.3 Service category assignment 

The second step of the execution class assignment is the evaluation of the service 

category (SC). The service category is assigned based on hazards associated with the 

use of steel structure (see Error! Reference source not found.) [27]. 

 

Table 13. Criteria for defining the service category [mod. 27]. 

Service 

Categories 

Criteria 

1 

• Structures and components designed for quasi-static actions only 

(such as buildings)  

• Structures and components with their connections designed for 

seismic actions in regions with low seismic activity and in ductility class 

low (DCL)*  

• Structures and components designed for fatigue actions from cranes** 

2 

• Structures and components designed for fatigue actions according to 

EN 1993 (for example, road and railway bridges, cranes**, structures 

susceptible to vibrations induced by wind, crowd or rotating machinery)  

• Structures and components with their connections designed for 

seismic actions in regions with medium or high seismic activity and in 

ductility class medium (DCM)* and ductility class high (DCH)* 

* Ductility classes according to EN 1998-1 

** See table 14 for cranes below 
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It can be seen that service category low includes ductility class 1, as well as some 

categories of cranes. Moreover, it relates to steelwork designed for quasi-static actions. 

Service category 2 is stricter and describes steelwork designed for fatigue actions and 

also for ductility classes medium and high. Table 14 gives recommendations for fatigue 

classification of cranes and related Service category, according to [37].  
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Table 14. Crane classification for fatigue according to [mod. 37] and related service 

category [mod. 27]. 

Service 

category 
Crane type 

1 
Hand-operated cranes 

Assembly cranes 

2 

Powerhouse cranes 

Storage cranes with intermittent operation 

Storage cranes, spreader bar cranes, scrap yard cranes - with continuous 

operation 

Workshop cranes 

Overhead travelling cranes, ram cranes – with grab or magnet operation 

Casting cranes 

Soaking pit cranes 

Stripper cranes, carrying cranes 

Forging cranes 

Transporter bridges, semi-portal cranes, portal cranes with trolley or 

slewing cranes – with hook operation 

Transporter bridges, semi-portal cranes, portal cranes with trolley or 

slewing cranes – with grab or magnet operation 

Travelling belt bridge with fixed or sliding belt(s) 

Dockyard cranes, slipway cranes, fitting-out cranes with hook operation 

Wharf cranes, slewing, floating cranes, level luffing slewing - with hook 

operation 

Wharf cranes, slewing, floating cranes, level lifting slewing - with grab or 

magnet operation 

Heavy duty floating cranes, gantry cranes 

Shipboard cargo cranes - with hook operation 

Shipboard cargo cranes - with grab or magnet operation 

Tower slewing cranes for the construction industry   

Erection cranes, derrick cranes - with hook operation 

Rail mounted slewing cranes with hook operation 

Rail mounted slewing cranes with grab or magnet operation  

Railway cranes authorized on trains   

Truck cranes, mobile cranes - with hook operation 

Truck cranes, mobile cranes - with grab or magnet operation   

Heavy duty truck cranes, heavy duty mobile cranes - with grab or magnet 

operation  

 

Apart from crane classification mentioned above, service category is also influenced by 

parameter called ductility class, which is connected with the seismic resistance of steel 

structures. Later the ways of ductility class assignment have been described. 
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4.3.1 Ductility class assignment 

As it was mentioned above, Finland has no seismically active regions on its territory. As 

the service category supports full assignment of ductility classes, it is still important to pay 

attention on this part. Moreover, as it was previously agreed, the current research work 

does not focus on a certain design company in a certain country. Enlarging the guideline 

application area, other European countries, including those with the seismically active 

regions, could be covered in this work. 

 

In the event of earthquake, steel structures generally behave better than structures made 

from other materials. Steel is ductile, and a steel structure has different structural 

members with rather small cross-sections and reliable geometric properties. This 

behaviour differs from concrete, because concrete structures are usually made of 

sufficiently larger sections that are only subject to elastic stresses. Concrete structures are 

heavier and behave like rigid bodies, while steel structures are more flexible [46].  

 

It is important to clarify ductility class in details, which has been mentioned in the standard 

for steel structures. Ductility is a capacity of structure or its parts to maintain excessive 

deformations just before the yield point without breaking. Demand and availability are two 

terms, which help to express ductility. The demand is defined as a maximum ductility level 

that steel is able to reach during seismic action. This level depends on both the structure 

and the earthquake. A highest ductility level that steel structure can sustain without 

damage, defines availability [47]. Steel structures have different behaviour depending of 

seismic design and the design of the structure itself. The structural behaviour can be low 

dissipative and dissipative. When designed according to Eurocode 8, the ductile 

behaviour of steel structure has an impact upon the different levels of its design [46]. At 

the beginning of the project, an engineer has to choose the ductility class of the structure 

[48]: 

1. Ductility Class Low (DCL) conforms to steel structures, which have been 

designed in compliance with Eurocode 2 (family of EN 1992 standards), 

completed by the specific rules to enhance ductility; 

2. Ductility Class Medium (DCM) conforms to steel structures, which have 

been designed in compliance with records of previous earthquakes. This 

class allows the structure to work in the inelastic domain under cyclic 

actions, without brittle failures; 
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3. Ductility Class High (DCH) conforms to steel structures, whose structural 

reaction to seismic load corresponds to the related fail8ure mechanism with 

a large quantity dissipated energy. 

 

The choice of ductility class only follows technical and economic reasons, except for 

contingent geographical restrictions on the assignment of the ductility classes M and H, 

which can be referenced from the relevant National Annex. EN 1998-1 standard [36] 

states that earthquake resistant buildings and structures can be manufactured in 

compliance with stated below approaches: 

 “Low dissipative structural behaviour 

 Dissipative structural behaviour”. 

 

Structures designed in accordance with the concept of dissipative behaviour should 

usually conform to DCM or DCH. Along the lines of the design procedure, the choice of 

the ductility class of a dissipative steel structure has an influence on [46]: 

 Quality of the material for structural members, including their connection elements 

 Structural type and value of the behaviour factor 

 Cross-sectional class of the structural members 

 Type and behaviour of the connections 

 Table 15 below presents differences in ductility classes. Eurocode 8 does not give 

strict recommendations for the right choice of two higher ductility classes. 

Therefore, only state-member of even designer should define what areas and 

structural types to connect with a certain ductility class [47]. 

 

In case of guideline for Rejlers Oy, as this company specialises mostly on products made 

for Finland, DCM and DCH can be left aside, using DCL only. This assumption is done 

due to absence of seismically active regions in Finland. 
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Table 15. Different features of ductility classes [47, 49, 50]. 

DCL DCM DCH 

1. Requires the largest 

lateral strength but no 

special seismic rules 

Both classes relate to dissipative structural behaviour. 

They are the same regarding the performance of the 

structure under the design seismic action 

2. May only resist seismic 

forces in area of low 

seismicity (for example, 

areas with maximum 

ground design acceleration 

< 0.1 g) 

DCM and DCH differ in: 

 Geometrical restrictions and materials (steel strain) 

 The design loadings 

 The rules of capacity design and local ductility 

3. Does not require 

delayed ductility 

Design with DCM is easier 

to be executed on the spot, 

and it can have a better 

result in medium seismic 

actions 

Design with DCH seems to 

provide higher protection 

from DCM against total 

collapse under earthquakes 

larger than design seismic 

action 

4. Resistance to seismic 

loading is achieved 

through the capacity of the 

structure 

5. Design of parts is 

predicted with seismic 

loading, design seismic 

action is up to 475 years 

6. Reinforcement 

calculations in case of 

usual exploitation have 

some material restrictions 

(the minimum concrete 

class (according to EN 

1992-1-1) that can be used 

is C16/20 etc.) 

 

4.3.2 Behaviour factor assignment 

Term ductility class associates with another term: the behaviour factor. In order to stay 

away from express inelastic structural analysis during the manufacturing process, 

structural capacity of energy dissipation, via basic ductile behaviour is considered by 

carrying out an elastic analysis focused around a response spectrum decreased 

concerning the elastic one, is called the "design spectrum". This diminishment is refined 

by presenting the behaviour factor q [36]. 

 

EN 1998-1 [36] on “design of structures for earthquake resistance” defines the behaviour 

factor q as “an approximation of the ratio of the seismic forces that the structure would 

experience if its response was completely elastic with 5% viscous damping, to the seismic 

forces that may be used in the design, with a conventional elastic analysis model, still 
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ensuring a satisfactory response of the structure”. The behaviour factor undermines the 

influence of the viscous damping, so as is a material has viscosity over 5%, the 

corresponding values of the behaviour factor are provided in EN 1998 [51]. The behaviour 

factor values are given in both dimensions of a structure – vertical and horizontal, the 

value might be different in different dimensions [36]. 

 

Eurocode 8 [46] provides a design classification, or design concept for “structural ductility 

classes” (see table 16). Regarding their ductility, structures assigned to the DCL, are to be 

calculated with a lower value of q than those in DCM or DCH [46]. 

 

Table 16. Classification of ductility classes according to structural behaviour [mod. 36]. 

Design concept Structural ductility class 

Range of the reference 

values of the behaviour 

factor q 

Concept a) Low dissipative 

structural behaviour 
DCL q1.5-2* 

Concept b) Dissipative 

structural behaviour 

DCM 1.5<q4 

DCH q>4 

* For Finland q1.5 is recommended 

 

For towers, masts and chimneys the behaviour factor q is calculated as (1) [38]: 

𝑞 = 𝑞0𝑘𝑟 ≥ 1.5        (1) 

, where qo is the basic value of the behaviour factor, reflecting the ductility of the lateral 

load resisting system, for each type of the structure; kr is the modification factor reflecting 

departure from regular distribution of mass, stiffness and strength with values defined 

below. The value of kr shall be taken equal to 1.0, unless modified due to the existence of 

the some irregularities in the structure, given below (see table 17). 
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Table 17. Value of modification factor according to the construction type [mod. 36]. 

Modification 

factor kr 
Description of the structure regularity 

0.8 

Horizontal eccentricity of the mass at a horizontal level with respect to the 

centroid of the stiffness of the elements at that level, exceeding 5% of the 

parallel dimension of the structure 

0.8 
Openings in a shaft or structural shell causing a 30% or larger reduction 

of the moment of inertia of the cross-section 

0.7 
Concentrated mass within the top third of the height of the structure, 

contributing by 50% or more to the overturning moment at the base 

0.9*min(kr) When more than one of the above irregularities are present 

 

As it can be seen from EN 1090-2, EN 1998-1 and EN 1998-4, service category depends 

on a certain ductility class, and the ductility class defines the value of the behaviour factor. 

Meanwhile the behaviour factor depends on the steel structure type. An algorithm (see 

figure 12) can be applied to assign the service category for a steel structure. Basically, the 

behaviour factor has no impact on execution class, but depending on the steel structure 

type (for example, steel frames and towers with concentric bracings), its value can provide 

information to determine the ductility class. 

 

Figure 12. Algorithm for the service category assignment. 

 

Design of different types of silos is influenced by concepts of dissipative and non-

dissipative structural behaviour. Silos, which are non-isolated, should be designed in 

accordance with one of the concepts of low-dissipative (concept a) or dissipative (concept 

b) structural behaviour [44]. Dissipative structural behaviour applies to elevated silos, 

and behaviour factor can be larger than 1.5. Silos directly supported on the ground or 

foundation should be constructed according to concept a). For skirt-supported silos, if 

the skirt is not detailed for dissipative behaviour, concept a) applies. Though concrete 

structures are out of area of the present research work, some steel constructions still have 

supports made of concrete, and it is also important to define behaviour factor for them. 

Part 4-1 “Silos” of Eurocode 3 [40] states that for “silos supported on moment resisting 

frames” or on “frames with bracings”, and for “cast-in-place concrete silos supported 

1. Assign 
ductility class 

2. Define 
type of steel 
structure 

3. Define value 
of behaviour 
factor 

5. Assign 
service 

category 

4. Apply 
tables 16 
and 17 
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on concrete walls, which are continuous to the foundation”, value of behaviour factor of 

0.7 can be applied, for irregularity in elevation. 

 

Likewise silos, tanks have been classified into two large groups according to concept a) 

and concept b). Therefore, concept b) relates to unanchored tanks (behaviour factor q = 

2, as for the bottom plate thickness, it should be less comparing to the thickness of the 

lower part of the shell) and tanks with specially designed ductile anchors (behaviour 

factor q = 2.5, permitting increasing the anchor length without rupture equal to R/200, R is 

the radius of the tank). Tanks of other type are related to concept a) as well as elevated 

tanks on a single pedestal [45]. 

 

Pipelines design has also been influenced by concepts a) and b). Pipelines systems can 

be classified into two main branches: single lines and redundant networks. A pipeline is 

characterised as a stand-alone structure if its actions during or afterwards seismic 

occasion is not impacted by other pipelines in the region, and when the outcomes of its 

collapse are connected just to the features required from it [43].  

 

Aboveground pipeline system should be designed with keeping the seismic activity in 

mind. There are several major factors that have to be considered from that viewpoint; 

most prominent of them are the position and technical specifications of the supports. 

Supports should possess enough strength to reduce the strain in the pipeline and to be 

able to carry the weight of machinery, which is installed on the pipeline, such as tanks, 

pumps, valves and other equipment. The studied standards, however, do not provide 

guidance to the support design criteria for pipeline with additional machinery. 

Nevertheless, the weight and parameters of additional equipment, installed in the pipeline 

system, have to be considered while seismic design of the pipeline system [43]. 

 

Thickness of the welded steel pipelines is sufficient, because they demonstrate large 

deformation and dissipation capacity. For non-seismically isolated pipelines, having a 

radius over thickness ratio (r/t) of less than 50, the behaviour factor 𝑞 = 3. If r/t < 100, 

behaviour factor 𝑞 = 2. In other cases the behaviour factor should be taken as q ≤ 1.5. In 

order to verify the supports of pipelines, the seismic action effects are calculated [43]: 

𝑞𝑠 =
1+𝑞𝑝

2
         (2) 

, where qs is a behaviour factor of support, qp is a behaviour factor of the pipeline. 
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Concrete chimneys may be designed for dissipative behaviour with a basic value of 

behaviour factor 𝑞0 = 2.5 [38]. Equation (1) and table 17 should be applied. 

 

Steel frame or truss structures, which provide lateral support to flue gas ducts of 

chimneys, may be designed for dissipative behaviour. Steel chimneys consisting of a 

structural shell designed for dissipative behaviour should have value 𝑞0 = 2.5 [38]. 

 

Though steel towers are not mainly designed by Rejlers, the information on them can still 

be useful for common theory of steel structures. Moreover, steel towers have been often 

used in civil engineering, where EN 1090-2 should also be applied. Design of steel 

towers for dissipative behaviour should be in conformity with the relevant requirements of 

EN 1998-1. Seismic-resistant dissipative structures are represented in three main 

topologies. They can be classified in accordance with the number and type of dissipative 

zones [38]. 

(a) Moment resisting frames (see figure 13) 

(b) Eccentrically braced frames (see figure 14) 

(c) Concentrically braced frames (see figures 15-23). 

According to [52] and Eurocode 8, rigid moment-resisting frames have design value [38]: 

𝑞 = 5𝑘𝑟          (3) 

Moment resisting frames are also influenced by equation (1) and table 17. 

 

Figure 13. Moment resisting frames [52]. 

 

Common types of eccentrically braced frames are D-braced, K-braced and V-braced 

structures (see figure 14). That chain of dissipative structures is similar to moment-

resisting frames in terms of providing a ductility and energy dissipation. For this reason 

eccentrically braced frames have the same q-factor 𝒒 = 5𝒌𝒓 [52]. 
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a   b    c 

Figure 14. Eccentrically braced frames, a) – D-braced, b) – K-braced, c) – V-braced [52]. 

 

Mazzolani&Pilluzo [52] state that concentrically braced frames can usually be of four types 

(see figure 15):  

1. “X-braced frame 

2. V-braced frame 

3. Inverted V-braced frame 

4. K-braced frame” 

 

X braced system usually has a diagonal brace in tension mode and the other braces in 

compression load, so the tension diagonal dissipates earthquake input energy. The q-

factor is equal to  

𝑞 = 4𝑘𝑟         (4) 

Similar construction is presented in V-braced and inverted braced systems, having one 

tension and one compression diagonal. Behaviour factor is assigned as: 

𝑞 = 2𝑘𝑟          (5) 

K-bracings have behaviour factor 𝑞 = 1 [52]. Other possible but seldom used concentric 

bracing systems are shown in figures 16-23. 

 

 

 

 

 a    b            c          d 

Figure 15. Concentrically braced frames a) – X-braced, b) – V-braced, c) – Inverted V-

braced, d) – K-braced [52]. 
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In case if trussed tubes are used in the major diagonals of the tower, 𝑞0 = 2 [38]. 

 

Figure 16. Concentrically based structure with the behaviour factor q0 =1.5 [53]. 

 

 

Figure 17. Concentrically based structure with the behaviour factor q0 =1.5 [54]. 

 

 

 

Figure 18. Concentrically based structure with the behaviour factor q0 =1.5 [55]. 

 



54 
 

 

Figure 19. Concentrically based structure with the behaviour factor q0 =2 [56]. 

 

 

Figure 20. Concentrically based structure with the behaviour factor q0 =3 [57]. 

 

 

 

Figure 21. Concentrically based structure with the behaviour factor q0 =4 [58]. 
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Figure 22. Concentrically based structure with the behaviour factor q0 =4 [59]. 

 

 

Figure 23. Concentrically based structure with the behaviour factor q0 =2 [60]. 

 

Figures 16-23 demonstrate basic values of the behaviour factor for configurations of steel 

frames with concentric bracings [38]. For instance, figure 23 gives an example of a cell 

phone transmission tower. Various types of transmission towers are also shown in figures 

17-20 and 22. Buildings and trading centres are presented with figures 16, 19 and 21.  

 

Design for dissipative behaviour is not allowed in guyed masts. They should be designed 

for low dissipative behaviour with 𝑞 = 1.5 [38]. 

 

Analysing the rules of distinguishing dissipative and non-dissipative behaviour for a 

certain structures, a simple logic can be applied: if the ductility class for a steel structure is 

other that DCL (Low), then the service category 2 should be chosen. Otherwise the 

service category 1 is applied. Following this rule allows a designer to simplify the process 

of assigning the execution class. In case the designer still needs to learn the various 
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structure types, which do not relate to execution class, the behaviour factor can be 

defined. 

 

In case a construction or its part is not a frame with concentric bracings, the following 

graph (see figure 24) helps to define its behaviour factor. The scale of q rises from 0.7 to 

5. Value of q could rise up to 8, but values higher than 5 are out of the scope of this 

research [36]. 

 

Figure 24 is appropriate when exact requirements for steel structure are known (like 

design of bracing systems or crane type). However, according to practice, requirements 

are not known in the beginning of the project, and design engineer has to decide what 

ductility class and behaviour factor to choose.  
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Figure 24. Different basic values of behaviour factor q for steel structures [61]. 
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4.4 Production category assignment 

EN 1090-2 provides an algorithm, which defines the production category (PC) (see table 

18). It is found that production category is not influenced by the structure type but is 

influenced only by existing welding parts, manufactures method and used steel grades. 

 

Production category 1 includes components, which are non-welded and being made of 

any steel grade, or welded components produced from steels below S355 grade. Welded 

parts made from S355 steel grade or higher are included to production category 2. 

Additionally, the second category includes components like: parts, which are essential to 

structural integrity and being welded on a development site; parts with hot framing 

assembling or thermally treated; and parts of Circular Hollow Section (CHS) lattice 

girders, which are obliging end profile cuts. 

 

Table 18. Criteria for production category assignment. This information is important to 

design and consulting companies on the way of execution class assignment. The 

following categories should be taken into account during design process by Rejlers [mod. 

27].  

Production 

category 
Criteria 

1 

 Non-welded components manufactured from any steel grade 

products 

 Welded components manufactured from steel grade products 

below S355 

2 

 Welded components manufactured from steel grade products from 

S355 and above 

 Components essential to structural integrity that are welded on the 

construction site 

 Components with hot forming manufacturing or receiving treatment 

during manufacturing 

 Components of CHS lattice girders requiring end profile cuts 

 

Steel S355 is widely used and has applications in almost every facet of structural 

fabrication. This grade is applied for structural steelworks like components of bridges, 

offshore structures components, power plants, load-handling equipment, mining, earth-

moving equipment and wind tower components. There are various ways of structural steel 

usage, and their application can be diverse. Structural steels provide unique combination 

of high strength and good welding properties. Moreover, decreasing weight of steel 

structure makes it possible to increase the strength of structure. This fact proves that 

structural steel is a highly adaptable product [62]. 
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4.5 Execution class assignment 

The standard EN 1090-2 presents the concept of the execution class. Recommendation 

matrix for four execution classes (EXC), which was introduced in EN 1090-2 [27], bases 

on chosen “consequence class, service category and production category” (see table 19). 

 

A certain level of reliability against failure has to be reached, and this level matches to the 

consequence of failure of structural member. This is the main idea why four execution 

classes have been introduced [63]. 

 

Table 19. Matrix for execution class assignment. Execution classes defined by Rejler’s 

design engineers are the actual results of EN 1090-2 application. Information on a certain 

EXC should be used by manufacturing company after the design process [mod. 27] 

Consequence classes CC1 CC2 CC3 

Service categories SC1 SC2 SC1 SC2 SC1 SC2 

Production 

categories 

PC1 EXC1 EXC2 EXC2 EXC3 EXC3a EXC3a 

PC2 EXC2 EXC2 EXC2 EXC3 EXC3a EXC4 
a EXC4 should be applied to special structures or structures with extreme consequences 

of a structural failure as required by national provisions 

 

As it can be seen, table 19 contains EXC3a = EXC4 in some particular cases. There is a 

need of deeper investigation of those cases. The present work leaves behind this 

information, as they do not directly relate to the limited area of the research. 
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5 RESULTS AND CONCLUSION 

 

 

The guideline for steel structures’ execution class assignment, according to recently 

introduced EN 1090-2 standard, has been created specifically for Rejlers Oy. The 

research particularly focuses on the main design projects of Rejlers, which include silos, 

tanks and pipelines. Additionally, other steel structures such as cranes, towers, frames, 

chimneys and masts have been added to the guideline. 

 

The relationship picture of steps needed of execution class assignment is presented in 

figure 25. It can be seen that consequence class, service category and production 

category assign execution class, but they do not depend on each other. Hence those 

steps can be followed in any order. In case of consequence class, there are five types of 

steel structure, which are also not influenced by each other. In other words, those types 

assign the consequence class separately. Service category of a steel structure depends 

on ductility class, steel structure type and on behaviour factor. In certain cases it is 

enough to assign ductility class only, in other times behaviour factor and steel structure 

type also play an important role. As it was mentioned before, depending on design 

requirements, service category assignment can be started with the behaviour factor 

assignment or with ductility class assignment.  The yellow part in figure 25 is the novelty 

of the present work. In previous literature, related to implementation of EN 1090-2 

standard, it was never said how to define service category in details. Deep study of 

European standards added the missing information. The third part, which is marked in 

blue in figure 25, shows that production category assignment depends on two 

independent factors: steel grades and presence of welded or non-welded components 

during design and manufacturing process.  
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Figure 25. Relationship picture of execution class assignment. 

 

When a certain execution class for a steel structure is assigned, it is required to know 

specific demands and features. European standard on execution of steel structures EN 

1090-2 gives the list of requirements (see appendix 1), which should be applied to each of 

four execution classes. It includes:  

 Specification and documentation, including quality documentation; 

 Constituent products, including details regarding inspection documents and 

traceability as well as structural steel products; 

 Preparation and assembly part including cutting, shaping and holing requirements; 

 Welding, which defines details of welding procedures and welding personnel 

qualification; 

 Erection specification; 

 Inspection, testing and repair procedures. 

 

It was found that these requirements are not being widely used in Rejlers Oy, because 

this is a part of manufacturer’s work and responsibility. However, despite Rejlers Oy is a 

consulting and design company, sometimes they still take large manufacturing and 

designing projects, which certainly demand knowledge of execution class requirements.  
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When a designer or a project manager in Rejlers completes a steel structure design, 

which can be one stage of a large project, there is a requirement to fill an official 

document named execution specification. Example of an execution specification 

document created for Rejlers Oy can be seen in figure 26. The document form contains 

client’s name and contact data, project data and up to three design tasks. Each task can 

have different execution class. It is important to enter data of a person in charge for the 

project and to put his/her signature. This person should be Rejlers’ representative. 
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Figure 26. Example of execution specifications document for Rejlers Oy [64]. 

 

At the initial stage of the research four questions were formulated, and the answers to 

these questions were found and presented below.  

 

How should Rejlers Oy adjust their steel structures consulting and design activities 

to be aligned with EN 1090-2 standard requirements? According to standards and the 

interviews, it is clear that design and consulting company’s design engineers should 
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educate their staff on using EN 1090-2 in order to reduce possible losses. Staff can be 

educated using the developed guideline. 

 

What information from EN 1090-2 standard and other related standards should 

Rejlers Oy take into consideration while designing steel structures or its parts and 

why? The essential information for Rejlers Oy relates to: consequence class assignment 

for certain type of steel structures; solid understanding of ductility classes, which indicate 

the seismic activity of the region; structural design of a steel structure, which is defined by 

the behaviour factor; and correct assignment of service and production categories. Finally, 

the execution class can be assigned based on the prerequisite parameters of a steel 

structure. European standards and the created guideline do not describe minor aspects of 

design, leaving choice for a designer. For instance, in particular cases both execution 

classes 3 and 4 can be applied to a steel structure. 

 

How will EN 1090-2 guideline help the manufacturers and designers to define the 

execution class? The guideline gives clear perspective on the importance of execution 

class assignment. The proposed four steps of execution class assignment process, which 

are paying attention to details such as ductility class and behaviour factor, will help Rejlers 

design engineers to understand the standard better. 

 

What are possible future trends of the standard development and what mitigation 

measures can be taken to address them? A discussion related to topics of the future of 

standardisation is ongoing among German Institute of Standardisation (DIN) 

representatives. European Parliament’s report about future of European standardisations 

states, that it is important to simplify the procedure of establishing standards and facilitate 

access to standards. It had been a problem for small and medium-sized European 

enterprises to understand the importance of their involvement in the standardisation 

process. Therefore, the cost of standards should drop and access to them should be 

easier. The same report states that standards should become more comprehensive so 

that users could easily implement them. Additionally, where possible, the excessive 

number of cross-references between standards should be reduced, as it is complicated to 

understand the document. Hence, some user-friendly guidelines will appear, provided by 

European Committee of Standardisation. One more observation point related to the 

interests of the present research, indicates the possibility of SMEs taking part in the 

development of standards and having easier, less costly access to them [65]. 
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Additionally, the main findings of the research were defined and are presented below:  

1) Low level of EN 1090-2 understanding and awareness. Since CE marking for 

steel structures designed according to EN 1090-2 standard has become obligatory 

in June 2014, large discussion related to CE marking appeared in the Internet. As 

conducted interviews showed, both Rejlers’ representatives and their 

subcontractors have rather low level of the standard’s knowledge. The major 

change brought by EN 1090-2 standard is the obligatory execution class 

assignment for steel structures. The assignment of the execution class for a steel 

structure is a challenging task that requires in-depth understanding of EN 1090-2 

and related standards. Some companies tried to implement their own guidelines; 

others found necessary to get the guideline by ordering bachelor or Master’s thesis 

topics. Some companies, including professional organisations decided to organise 

their own educational programs on commercial basis, which become popular 

among design and manufacture companies.  

2) Peculiarities of the execution class assignment. Based on the studied literature 

and brief guidelines given in EN 1090-2, the research focuses on design details for 

determination of the execution classes. Three main parameters, which influence 

execution class of a steel structure, were assigned: the way of manufacturing, or 

the production category, the safety level of consequences, or the consequence 

class, and terms of exploitation, or the service category. Guideline provides 

several tables, which allow easy definition of consequence classes for a certain 

steel structure. Earlier there were no detailed instructions on every type of steel 

structure to assign consequence class. Then the service category was studied, 

where the work deepens into knowledge of cranes’ design, ductility classification 

and behaviour factor classification. This knowledge has been gathered from other 

European standards and carefully analysed. It can be called a novelty of the 

present research work. After that, production category have been discussed, the 

determining matrix for execution classes has been studied. Guideline concludes 

with the list of requirements for each execution class. 

3) Results generalisation and dissemination. The guideline has been created by 

Rejlers’ request. It contains information not only for silos, tanks and pipelines, 

which are the most common orders of this company, but also for cranes, towers, 

frames, chimneys and masts. It is obvious that the same guideline could be 

applied to other Finnish design companies, which specialise on steel structure 

design. Moreover, the guideline can be completed with additional information 

regarding consequence classes and service categories for bridges, buildings and 
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concrete steel structures. It should be noted that in the majority of European 

standards and published articles there is more information about buildings and 

concrete structures than about steel structures. Another generalising result is that 

the guideline can be translated into other languages and tuned to other European 

countries. In this case National Annexes for a certain countries should be created 

as well.  
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6 SUMMARY 

 

 

The focus of this Master’s thesis is European standard EN 1090-2, which describes 

technical requirements for the execution of steel structures. The main objective is to make 

an EN 1090-2 guideline so that design company Rejlers Oy could easily assign the 

execution class of steel structures. Previously design engineers had troubles in using the 

standard, because of its complexity and large number of references to other standards. 

The research was supervised by Rejlers Oy in terms of providing company requirements, 

its common orders and knowledge about the standard.  

 

In the beginning of the research several questions have been formulated. They were 

dealing with the information the guideline should include, with the profit that guideline 

implementation can bring to the design company Rejlers, as well as with possible 

extensions for guideline to other consulting companies, and finally with future trends of 

European standardisation development.  

 

Analysis of literature on the present situation of EN 1090-2 standard awareness showed 

that some general information is presented in educational institutes, working handbooks 

created by companies specializing in CE marking,  and sometimes in guidelines created 

by manufacturing companies. Similar guidelines from open sources include only most 

general information without going into details.  

 

Literature review showed the way EN 1090-2 appeared and developed over time, based 

on various European standards of design rules for steels structures. General design rules 

for constructions have been discussed, and it was noticed that Finland does not have any 

specific requirements for steel grades except those, which allowed adapting to cold 

temperatures and strong winds. 

 

Before July 2014, manufacturing companies used to request from designers the execution 

class to apply. After that time, CEN required structural steelwork manufactured in Europe 

to be CE marked. For steel structures it means that EN 1090-2 should be applied, and the 

execution class of steel structures should be defined. This became a function of design 

companies. In the first chapters’ general design rules have been discussed, especially 

those, which relate to European steel standards. Important information was learned about 

the family of European standards, which are connected to EN 1090-2: EN 1990 (general 
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design rules and structural safety, serviceability and durability), EN 1991 (actions on 

structures like snow, wind loads, temperature, actions from cranes and self-weight 

imposed loads), EN 1993 (rules of certain steel structures like masts and towers, silos, 

tanks, chimneys, pipelines, buildings and bridges, and crane supportive structures) and 

set of standards EN 1997 and EN 1998 (geotechnical and seismic design). 

 

The research work evaluates the level of EN 1090-2 awareness of Rejlers’ 

representatives and their customers. Series of interviews showed that only a few people 

really know how to apply this standard. The overall picture including literature review 

made the present research go deeper into the standard, and to get more details about 

structural steelwork in general.  

 

The guideline, which was created based on literature review of standards and interviews, 

consists of four main steps of the execution class designation. First step defines class of 

consequences for human life. There are several types of studied steel construction: tanks, 

pipelines, masts and chimneys, steel towers and masts, silos. Second step relates to the 

determination of service category. This part is connected with cranes classification, and 

ductility classification. In case a structure is not a crane, designer according to seismic 

area activity should determine the ductility class of a structure where the steel structure is 

going to be exploited. Additionally, the ductility class is connected with the behaviour 

factor. Several equations allow to determine the behaviour factor and to know structural 

design details, such as bracing system type for steel towers. The third guidance step is 

determining of the production category, which connects manufacturing types with the 

execution. On the last stage the execution class is assigned using the matrix provided by 

EN 1090-2. 

 

The execution class specification is not the only part of EN 1090-2. It also includes various 

design details and rules, guidelines for joints, welding procedure specifications and rules 

for manufacturing methods. Meanwhile the present research focuses only on the 

execution classes. This research does not cover buildings and bridges, as they are out of 

Rejlers’ business area. However, the guideline still includes some design details 

applicable for steel buildings and bridges. Each reference in EN 1090-2 to other standards 

have been checked, and compared to national annexes of Finland, which apply to majority 

of European standards for steel structures. The thesis work finishes with discussion about 

drawbacks and improvements of European standards. 
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APPENDIX 1, 1 

Requirements for execution classes 

The following list (see table 20) of demands should be applied to each of a defined 

execution class during the design work [27]. 

 

Table 20. Requirements for each execution class [mod. 27]. 

Clauses EXC1 EXC2 EXC3 EXC4 

Specifications and documentation 

Quality 

documentation 

No 

requirements 

Yes Yes Yes 

Constituent products 

Inspection 

documents 

See table 21 See table 21 See table 21 See table 21 

Traceability No 

requirements 

Yes (partial) Yes (full) Yes (full) 

Marking Yes Yes Yes Yes 

Constituent products. Structural steels products 

Thickness 

tolerances 

Class A Class A Class A Class B 

Surface 

conditions 

Flat - class A2 

Long – class 

C1 

Flat - class A2 

Long – class 

C1 

More stringent 

conditions if 

specified 

More stringent 

conditions if 

specified 

Special 

properties 

No 

requirements 

No 

requirements 

Internal 

discontinuity 

quality class S1 

for welded 

cruciform joints 

Internal 

discontinuity 

quality class S1 

for welded 

cruciform joints 

  



 
 

APPENDIX 1, 2 

Table 20 continues. Requirements for each execution class [mod. 27]. 

Clauses EXC1 EXC2 EXC3 EXC4 

Preparation and assembly 

Identification No 

requirements 

No 

requirements 

Finished 

components / 

Inspection 

certificates 

Finished 

components / 

Inspection 

certificates 

Cutting. 

Thermal 

cutting 

Free form 

significant 

irregularities 

hardness 

according to 

table 22, if 

specified 

EN ISO 9013, u 

= range 4, Rz5 

= range 4, 

hardness 

according to 

table 22, if 

specified 

EN ISO 9013, u 

= range 4, Rz5 

= range 4, 

hardness 

according to 

table 22, if 

specified 

EN ISO 9013, u 

= range 3, Rz5 

= range 3, 

hardness 

according to 

table 22, if 

specified 

Shaping. 

Flame 

straightening 

No 

requirements 

No 

requirements 

Suitable 

procedure to be 

developed 

Suitable 

procedure to be 

developed 

Holing. 

Execution of 

holing 

Punching Punching Punching + 

reaming 

Punching + 

reaming 

Cut-outs No 

requirements 

Min radius 15 

mm 

Min radius 15 

mm 

Min radius 10 

mm, punching 

not permitted 

Assembly Drifting: 

elongation, 

functional 

tolerance class 

1 

Drifting: 

elongation, 

functional 

tolerance class 

1 

Drifting: 

elongation, 

functional 

tolerance class 

2 

Drifting: 

elongation, 

functional 

tolerance class 

2 

  



 
 

APPENDIX 1, 3 

Table 20 continues. Requirements for each execution class [mod. 27]. 

Clauses EXC1 EXC2 EXC3 EXC4 

Welding 

General EN ISO 3834-4 EN ISO 3834-3 EN ISO 3834-2 EN ISO 3834-2 

Qualification 

of welding 

procedures 

No 

requirements 

See table 23 

and table 24 

See table 23 

and table 24 

See table 23 

and table 24 

Qualification 

of welders and 

operators 

Welders: EN 

287-1, 

operators: EN 

1418 

Welders: EN 

287-1, 

operators: EN 

1418 

Welders: EN 

287-1, 

operators: EN 

1418 

Welders: EN 

287-1, 

operators: EN 

1418 

Welding 

coordination 

No 

requirements 

Technical 

knowledge 

according to 

table 25 or 

table 26 

Technical 

knowledge 

according to 

table 25 or table 

26 

Technical 

knowledge 

according to 

table 25 or table 

26 

Joint 

preparation 

No 

requirements 

No 

requirements 

Prefabrication 

primers are not 

allowed 

Prefabrication 

primers are not 

allowed 

Temporary 

attachments 

No 

requirements 

No 

requirements 

Use to be 

specified. 

Cutting and 

chipping are not 

permitted 

Use to be 

specified. 

Cutting and 

chipping are not 

permitted 

Tack welds No 

requirements 

Qualified 

welding 

procedure 

Qualified 

welding 

procedure 

Qualified 

welding 

procedure 

Butt welds. 

General 

No 

requirements 

Run on/run off 

pieces if 

specified 

Run on/run off 

pieces 

Run on/run off 

pieces 
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Table 20 continues. Requirements for each execution class [mod. 27]. 

Clauses EXC1 EXC2 EXC3 EXC4 

Butt welds. 

Single side 

welds 

No 

requirements 

Run on/run off 

pieces if 

specified 

Permanent 

backing 

continuous 

Permanent 

backing 

continuous 

Execution of 

welding 

  Removal of 

spatter 

Removal of 

spatter 

Acceptance 

criteria 

EN ISO 5817 

Quality level D 

EN ISO 5817 

Quality level C 

EN ISO 5817 

Quality level B 

EN ISO 5817 

Quality level B+ 

Erection 

Handling and 

storage on site 

No 

requirements 

Documented 

restoration 

procedure 

Documented 

restoration 

procedure 

Documented 

restoration 

procedure 

Fit up and 

alignment 

No 

requirements 

No 

requirements 

Securing shims 

by welding 

subject to 

requirements of 

part 7 of [27] 

Securing shims 

by welding 

subject to 

requirements of 

part 7 of [27] 

Inspection, testing and repair 

Inspection 

after welding. 

Scope of 

inspection 

Visual 

inspection 

Non-destructive 

tests (NDT): 

see table 27 

NDT: see table 

27 

NDT: see table 

27 

Inspection 

after welding. 

Correction of 

welds 

No Welder 

Performance 

Qualification 

(WPQ) required 

According to 

WPQ 

According to 

WPQ 

According to 

WPQ 

Production 

tests 

No 

requirements 

No 

requirements 

If specified If specified 
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Table 20 continues. Requirements for each execution class [mod. 27]. 

Clauses EXC1 EXC2 EXC3 EXC4 

Inspection of 

preloaded 

bolts 

connections 

No 

requirements 
As follows As follows As follows 

Table 21. Inspection documents for metallic products [mod. 27]. 

Constituent product Inspection documents 

Structural steels table 2 and 3 of EN 1090-2 According to table B.1 of EN 10025-
1:2004ab 

Stainless steels table 4 of EN 1090-2 3.1 

Steel castings According to table B.1 of EN 10340:2007 

Welding consumables (table 5 of EN 1090-
2) 

2.2 

Structural bolting assemblies 2.1c 

Hot rivets 2.1c 

Self-tapping and self-drilling screws and 
blind rivets 

2.1 

Studs for arc studs welding 2.1c 

Expansion joints for bridges 3.1 

High strength cables 3.1 

Structural bearings 3.1 
a For structural steel grade s355 JR or J0 inspection document 3.1 is required for EXC2, 
EXC3 and EXC4. 
b EN 10025-1 requires that the elements included in the carbon equivalent value (CEV) 
formula shall be reported in the inspection document. The reporting of other added 
elements required by EN 10025-2 should include Al, Nb and Ti. 
c If 3.1 certificate is required, this may be substituted by a manufacturing lot identification 
mark. 
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Table 22. Permitted maximum hardness values (HV 10) [mod. 27]. 

Product standards Steel grades Hardness values 

EN 10025-2 to -5 
S235 to S460 380 

EN 10210-1, EN 10219-1 

EN 10149-2 and EN 10149-3 S260 to S700 
450 

EN 10025-6 S460 to S690 

Note: These values are in accordance with EN ISO 15614-1 applied to steel grades listed 

in ISO/TR 20172 

Table 23. Methods of qualification of welding procedures for the processes 111, 114, 12, 

13 and 14 [mod. 27]. 

Method of qualification  EXC2 EXC3 EXC4 

Welding procedure test EN ISO 15614-1 x x x 

Pre-production welding test EN ISO 15613 x x x 

Standard welding procedure EN ISO 15612 xa - - 

Previous welding experience EN ISO 15611 
xb - - 

Tested welding consumables EN ISO 15610 

x     Permitted 

-      Not permitted 

a    Only for materials ≤ S355 and only for manual or partly mechanized welding 

b    Only for materials ≤ S275 and only for manual or partly mechanized welding 
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Table 24. Methods of qualification of welding procedures for the processes 21, 22, 23, 24, 

42, 52, 783 and 784 [mod. 27]. 

Welding processes (according to EN ISO 

4063) 

Welding 

procedure 

specification 

(WPS) 

Qualification of 

the welding 

procedure Reference 

number 

Nomenclature 

21 

22 

23 

Spot welding 

Seam welding 

Projection welding 

EN ISO 15609-5 EN ISO 15612 

24 Flash welding EN ISO 15609-5 EN ISO 15614-13 

42 Friction welding EN ISO 15620 EN ISO 15620 

52 Laser welding EN ISO 15609-4 EN ISO 15614-11 

783 

 

784 

Drawn arc stud welding with 

ceramic ferrule or shielding gas 

Short-cycle drawn arc stud 

welding 

EN ISO 14555 EN ISO 14555a 

a For EXC2, welding procedure qualification based on previous experience is permitted. 

For EXC3 and EXC4, welding procedure qualification shall be carried out by welding 

procedure test or pre-production test. 
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Table 25. Technical knowledge of the coordination personnel Structural carbon steels 

[mod. 27]. 

EXC Steel (steel 

group) 

Reference standards Thickness (mm) 

t<25a 25<t≤50b t>50 

EXC2 S235 to S355 

(1.1, 1.2, 1.4) 

EN 10025-2, EN 10025-3, EN 10025-

4, EN 10025-5, EN 10149-2, EN 

10149-3, EN 10210-1, EN 10219-1 

B S Cc 

S420 to S700 

(1.3, 2, 3) 

EN 10025-3, EN 10025-4, EN 10025-

6, EN 10149-2, EN 10149-3, EN 

10210-1, EN 10219-1 

S Cd C 

EXC3 S235 to S355 

(1.1, 1.2, 1.4) 

EN 10025-2, EN 10025-3, EN 10025-

4, EN 10025-5, EN 10149-2, EN 

10149-3, EN 10210-1, EN 10219-1 

S C C 

S420 to S700 

(1.3, 2, 3) 

EN 10025-3, EN 10025-4, EN 10025-

6, EN 10149-2, EN 10149-3, EN 

10210-1, EN 10219-1 

C C C 

EXC4 All All C C C 
a Column base plates and endplates ≤50 mm 
b Column base plates and endplates ≤75 mm 
c For steels up to and including S275, level S is sufficient 
d For steels N, NL, M and ML level S is sufficient 

Table 26. Technical knowledge of the coordination personnel Stainless steels [mod. 27]. 

EXC Steel (steel group) Reference standards Thickness (mm) 

t<25 25<t≤50 t>50 

EXC2 

Austenitic (8) 

EN 10088-2:2005, table 3 

EN 10088-3:2005, table 4 

EN 10296-2:2005, table 1 

EN 10297-2:2005, table 2 

B S C 

Austenitic-ferritic (10) 

EN 10088-2:2005, table 4 

EN 10088-3:2005, table 5 

EN 10296-2:2005, table 1 

EN 10297-2:2005, table 3 

S C C 
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Table 26 continues. Technical knowledge of the coordination personnel Stainless steels 

[mod. 27]. 

EXC Steel (steel group) Reference standards Thickness (mm) 

t<25 25<t≤50 t>50 

EXC3 

Austenitic (8) 

EN 10088-2:2005, table 3 

EN 10088-3:2005, table 4 

EN 10296-2:2005, table 1 

EN 10297-2:2005, table 2 

S C C 

Austenitic-ferritic (10) 

EN 10088-2:2005, table 4 

EN 10088-3:2005, table 5 

EN 10296-2:2005, table 1 

EN 10297-2:2005, table 3 

C C C 

EXC4 All All C C C 

Table 27. Extent of supplementary NDT [mod. 27]. 

Type of weld Shop and side welds 

EXC2 EXC3 EXC4 

Transverse butt welds and partial penetration 

welds in butt joints subjected to tensile stress: 

U≥0.5 

U<0.5 

 

 

10% 

0% 

 

 

20% 

10% 

 

 

100% 

50% 

Transverse butt welds and partial penetration 

welds 

In cruciform joints 

In T-joints 

 

 

10% 

5% 

 

 

20% 

10% 

 

 

100% 

50% 

Transverse fillet welds in tension or shear 

With a > 12 mm or t > 20mm 

With a ≤ 12 mm or t ≤ 20mm 

 

5% 

0% 

 

10% 

5% 

 

20% 

10% 

Longitudinal welds and weld to stiffeners 0% 5% 10% 

  



 
 

APPENDIX 1, 10 

Table 27 continues. Extent of supplementary NDT [mod. 27]. 

Note1: Longitudinal welds are those made parallel to component axis. All the others are 

considered as transverse welds. 

Note2: U is a utilisation grade for welds for quasi-static actions. U=Ed/Rd, where Ed is the 

largest action effect on the weld and Rd is the resistance of the weld in the ultimate limit 

state. 

Note3: Terms a and t refer respectively to the throat thickness and the thickest material 

being joined. 
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Questionnaire for Rejlers’ design engineers 

This kind of questions represents the part of an academic study (Master’s thesis) about 

execution classes (Fin. - toteutusluokka) of European standard EN-1090-2. The query is 

aimed to get clearer picture about the Rejlers’ awareness about this standard. The 

following questions are dealing with types of structures, requirements for orders, 

frequency of requests to apply the European standard and other aspects of the design 

and consulting company. 

Some of the questions have multiple answers, other have only single answer. After every 

question I also ask to explain the answer in a few words. This is needed to apply the 

Delphi method during my research work. After some time I will contact you again for 

revision of your answers, that is why I also ask to give your name and the email address. 

Your answers can be in English or Finnish. 

* Required 

What is your name? *  

What is your contact email? * 

I need this for contacting you later.  

What is your current position in this company? *  

How long do you work in this company? * 

Please give your answer in months or years  

QUESTION 1 

What are the most popular orders in Rejlers’ practice? * 
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Appendix 2 continued 

You can choose more than 1 variant 

  Buildings (Fin. - rakennukset) 

  Bridges (Fin. - sillat) 

  Towers (Fin. - tornit) 

  Water tanks (Fin. - vesisäiliö) 

  Silos (Fin. - siilot) 

  Filters (Fin. - suodattimet) 

  Pipes/pipelines (Fin. - putket/putkistojen) 

  Chimneys (Fin. - savupiiput) 

  Tanks (Fin. - säiliöt) 

  Other: please specify  

QUESTION 2 

Do the Rejlers’ clients require determining the execution class (Fin. - toteutusluokka)? If 

so, how often?* 

  It is required in 0-25% of all orders 

  It is required in 26-50% of all orders 

  It is required in 51-75% of all orders 

  It is required in 76-100% of all orders 

  I am not sure how much 

Please explain why, according to your opinion, the rates stay on this level and why 

they are not higher or lower? *  
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QUESTION 3 

Please rate how familiar you are with the EN-1090-2 standard using the scale. * 

#1 means "I am not familiar at all", #5 means "I am familiar very well" 

 
1 2 3 4 5 

 

 
          

 

Are you aware of standard’s definition of consequence class (Fin. - seuraamusluokka)? If 

so, are you able to classify the following steel structures according to consequence 

class: * 

Chimneys (Fin. - savupiiput) less than 16m high in unmanned sites, Agricultural tanks 

(Fin. - maatalous- säiliöt), Discretely supported silos (Fin. - huomaamattomasti tuettu 

siilot) with capacity in excess of 1000 tons  

QUESTION 4 

What difficulties of understanding client requests concerning execution of design 

do you face? *  

QUESTION 5 

How do you usually classify the requests? *  

QUESTION 6 

Are there any common requirements for Rejlers’ orders? Please make a list of 4 

most important ones in order of priority. *  
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QUESTION 7 

Who do you think should be responsible for EN-1090-2 applying procedure in your 

company? * 

You can choose more than 1 variant 

  Project/Product manager (Fin. - Tuotepäällikkö) 

  Director of department (Fin. - Osastonjohtaja) 

  Experts (Fin. - Asiantuntijat) 

  Director of company (Fin. - Johtaja yhtiö) 

  Other: please specify 
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Questionnaire for Rejler’s clients manufacturing engineers  

This kind of questions represents the part of an academic study (Master’s thesis) about 

execution classes of European standard EN-1090-2. The query is aimed to get clearer 

picture about your company's awareness about this standard. The following questions are 

dealing with types of structures, requirements for orders, frequency of requests to apply 

the European standard and other aspects of the manufacturing company. 

Some of the questions have multiple answers, others have only single answer. After every 

question I also ask to explain the answer in a few words. This is needed to apply the 

Delphi method during my research work. After some time I will contact you again for 

revision of your answers, that is why I also ask to give your name and the email address. 

* Required 

What is your name? *  

What is your contact email? * 

I need this for contacting you later.  

What is your current position in this company? * 

How long do you work in this company? * 

Please give your answer in months or years 

QUESTION 1 
Please explain how much the European standard EN-1090-2 is being required in your 

products? * 

  It is required in 0-25% of all orders 

  It is required in 26-50% of all orders 

  It is required in 51-75% of all orders 

  It is required in 76-100% of all orders 

  I am not sure how much 
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Please explain why, according to your opinion, the rates stay on this level and why 

they are not higher or lower? *  

QUESTION 2 
What are the most popular structures among your orders where European standard EN-

1090-2 should be applied? * 

You can choose more than 1 variant 

  Buildings 

  Bridges 

  Towers 

  Water tanks 

  Silos 

  Filters 

  Pipes/pipelines 

  Chimneys 

  Tanks 

  Other:   

QUESTION 3 
Please specify what grades of steel are being used for steel structures in your company? * 

You can choose more than 1 variant 

  Steels below S355 

  Steels equal or above S355 

  I am not sure 

  Other: please specify  
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What are the most popular? If you have chosen variant 3, please explain why is it 

so that you are not sure? *  

QUESTION 4 
Does your company care about recycling? In what way? *  

QUESTION 5 
What difficulties do your subdesigners have in understanding your requests 

concerning execution of design? *  

QUESTION 6 
How do you usually classify the orders for your subdesigners? *  

QUESTION 7 
Are there any common requirements for your subdesigners’ orders? Please make a list of 

4 most important ones in order of priority. *  

QUESTION 8 
Who do you think should be responsible for EN-1090-2 applying procedure in your 

company? * 

You can choose more than 1 variant 

  Project/Product manager 

  Director of department 

  Experts 

  Director of company 

  Other: please specify  

Please explain your choice in a few words * 

 


