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Overview

EN 1990 towards the Eurocodes 2G
EN1990-1 Design of new structures mmEd  This presentation

Concluding remarks

EN1990-2 Assessment of existing structures _ _
— Following presentation
by Thomas Lang

Concluding remarks
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EN 1990 towards the Eurocodes 2G

EUROPEAN STANDARD EN 1990:2002+A1

NORME EUROPEENNE

EUROPAISCHE NORM December 2005

1CS 91.010.30 Supersedes ENV 1991-1.1004

Incorporating corrigenda December 2008
and April 2010

English version

Eurocode - Basis of structural design

Management Centre: rue de Stassart, 36  B-1050 Brussels

2002 Publication of EN1990 main text + Annexes (except A2)
2005 Al, including Annex A2 (BoD for Bridges)
2007 end of 5 years enquiry, establishment of an Expert

Group, active under TC250, CEN/TC agrees to the
formation of an Expert Group to prepare the first
revision of EN 1990.

— Short term corrigenda revision by April 2010

|, Report providing suggestions for
medium/long term technical revision

Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSl). No other use of this
material is permitted. British Standards can be obtained from BSI Knowledge knowledge.bsigroup.com
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EN 1990 towards the Eurocodes 2G

Phase 1 I I I I I I I — EN1990 Main parts

Phase 2 IIIII s d EN1990 Bridge related
CEN/TC 250 Phase 3 I I I I
Response to Mandate M/515 Ph ase 4 I I
e (@) >

‘Towards a second generation of EN Eurocodes’
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CEN/TS - Assessment

and Retrofitting of
Existing Structures

CEN/TC 250 - N 993

B2 CeNeLEC| 2013 EN - Assessment and

4 Retrofitting of Existing
Structures

The second generation Eurocodes: key changes and benefits through design examples
Online workshop, 3-5 June 2025



EN1990’s revision under M/515

EUROPEAN STANDARD EN 1990:2002+A1

NORME EUROPEENNE

EUROPAISCHE NORM December 2005

ICS 91.010.30 Supersedas ENV 1831-1:1984
Incorporating comgenda December 2008

and April 2010
English version
Eurocode - Basis of structural design
Eurocodas strucluraux - Eurocodes: Bases de calcul des Eurocote Grundlagen der Tragwarksplanung
Structuros

This Eusropean Standard was appeoved by CEN an 28 Navember 2001

CEN members are bound to comply wilh the CENICENELEC whvch stpulale for

Standaro e sk ofaaorl sandard wihout sy seaion, Up--Sate s and bographical efeences cancaming such naonal

any CEN member.

This European Standard exists in three official varsions (English. French, Garman). A version in any other lsnguags mads oy ransiotn
undar the responsiity of a its own language Cantre 0 oficial

CEN members are the national standards bodies of Austia, Beigium, Casch Repubic, Denark, Finiand, France, Germany, Greecs,
teslend, Ireland, sy, Luxembourg, Met, Netherlands, Norway. Pougal, Spain, Sweden, Switzerand and Unted Kingdor,

-
EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FOR NORMUNG

Management Centre: rue de Stassart, 36 B-1050 Brussels

©32002 CEN  Allights of axploitation in any form and by any means reserved Rlaf. No. EN 1980:3002
woridhwice for CEN national Members.

1st Generation - 2002 ’

CEN/TC 250
Date: 2024-12-17
FprEN 1990-1

Secretariat: BSI

Eurocode — Basis of structural and geotechnical design — Part 1: New structures

Bauwerken —
Teil 1: Neue Tragwerken

Eurocode — G der Tragwer und

Euracode — Bases de calcul des structures et gé i —Partie 1:
structures

ICs:

EN1990-1
New structures

CEN/TC 250
Date: 2024-12-19
FprEN 1990-2:2024

Secretariat: BSI

Eurocode — Basis of structural and geotechnical design — Part 2: Assessment of
existing structures

Eurocode — Grundlagen der Planung von Trag und g
— Teil 2: Bewertung von bestehenden Tragwerken

Eurocodes — Bases de calcul des structures et gé i —Partie 2: ion des
structures existantes

Ics:
CCMC will prepare and attach the official title page.

EN1990-2
Assessment of
existing
structures

2nd Generation - 2027
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EN1990’s revision under M/515
18 mandated sub-tasks

Key objectives:
Enhanced Ease of Use
Evolution of management of structural reliability of construction
Treatment of Robustness
Sustainability
ULS (Better guidance and increased clarity on EQU-STR-GEO ULS verification)
Serviceability of buildings
Fatigue verification
Alignment with EN 1997
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EN1990’s revision under M/515
Assessment of Existing Structures

New Annex A parts
Annex A.3 - Application for towers, masts and chimneys
Annex A.4 - Application for silos and tanks
Annex A.5 - Application for structures supporting cranes and other machines

Annex A.6 - Application for coastal structures

The second generation Eurocodes: key changes and benefits through design examples
Online workshop, 3-5 June 2025



EN1990-1 Design of new structures

O Main Text Annex B Technical management )
Inf i measures for design and execution E
nformative g
Annex C Reliability analysis and code
New content ildi -
Annex A.1l Buildings o calibration S g
= =
; @© = O
Annex A.2 Bridges c Annex D Design assisted by testing = =
<35 = <
Annex A.3 Towers and Masts x Z Annex E “Robustness” g
c © )
Annex A.4 Silos and Tanks S S Annex F Rain-flow and reservoir counting (%
< = methods
©
Annex A.5 Cranes supporting Structures 5
o : : . O
Annex A.6 Coastal Sructures o) Annex G Basis of design for bearings % “LE)
.: q)
Annex H verifications concerning vibration m <
of footbridges due to pedestrian traffic @
Key benefit: enhanced Ease of Use
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EN1990-1 Design of new structures

1. Scope

1.1 Scope of prEN 1990-1

(1) This document establishes principles and requirements for the safety, serviceability, robustness
and durability of structures, including geotechnical structures, appropriate to the consequences of
failure.

(2) This document is also applicable for existing structures as specified in prEN 1990-2.

(3) This document is intended to be used in conjunction with the other Eurocodes for buildings and
civil engineering works, including temporary structures.

(4) This document describes the basis for structural and geotechnical verification according to the
limit state principle.

(5) The verification methods in this document are based primarily on the partial factor method.
NOTE 1 Alternative methods are given in the other Eurocodes for specific applications.
NOTE 2 The Annexes to this document also provide general guidance concerning the use of alternative methods.

The second generation Eurocodes: key changes and benefits through design examples
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Key revisions:

* Robustness explicitly mentioned

* Inclusion of “geotechnical
structures”

e Link to new part EN1990-2 on
assessment

e Partial factor method is the
“default method”



Definitions

EN990:2002+A1:2005 (15t Generation) EN1990-1 (24 Generation)

-- 3.1.1.9
elements other than structural
completion and finishing elements connected with the
structure that are not classified as structural members and
that have the lowest consequence of failure

Note 1 to entry: See 4.3 for the classification of consequences of
failure.

EXAMPLE Roofing; surfacing and coverings; partitions and linings;
kerbs; wall cladding; suspended ceilings; thermal insulation; bridge
furniture, road surfacing; services fixed permanently to, or within, the
structure such as equipment for lifts and moving stairways; heating,
ventilating and air conditioning equipment; electrical equipment;
pipes; cable trunking and conduits.

Key benefit:

I”

e (Clarification of the classification of elements as “structural” or “other than structura
depending on their consequences of failure

12 The second generation Eurocodes: key changes and benefits through design examples
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4. General Rules

4 General rules
4.2 Structural reliability

(1) The reliability required for structures within the scope of this document shall be achieved by design in

accordance with the Eurocodes. Key revisions:

(2) Appropriate measures should be taken to avoid gross human errors and omissions and to limit their effects on * New Annex B

the structural reliability. * Improved guidance
NOTE 1 This document does not make allowance for gross human errors. in Annex C to assist
NOTE 2 Guidance on appropriate measures to limit the probability of occurring of gross human errors and omissions is given in NSBs setting

Annex B. reliability targets

(3) The choice of an appropriate level of reliability for the structure should take account of the following:
— possible consequences of failure in terms of risk to life, injury, and potential economic losses, see 4.3;
— the possible cause and mode of attaining a limit state;

NOTE 1 Examples of modes of attaining a limit state are failure modes with or without warnings, e.g. ductile or brittle failure.
— public aversion to failure;

— the expense and procedures necessary to reduce the risk of failure.

NOTE 2 Reliability levels can be set by the National Annex. Further guidance is given in Annex C.
NOTE 3 Different levels of reliability are commonly adopted for limit states relating to structural failure, serviceability, and
durability.

13 The second generation Eurocodes: key changes and benefits through design examples
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Structural reliability

Code calibration gamma values (two steps)

Human Safety

Socio-economic

Design according to
rules of the past

ALARP optimization
Independent of
-material l'

Pi=® (-p) ~ 10P

7 |

V4

Possibly dependent of
-loading type

-temporary or permanent
-existing or new

Reliability background of the Eurocodes, Vrouwenvelder, T. et al., 2024 — JRC publication (https://eurocodes.jrc.ec.europa.eu/publications/reliability-

background-eurocodes)
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Structural reliability

Table C.3 (NDP) — Target values for reliability index g for different consequence classes (for
persistent and transient (fundamental) and fatigue design situations in ULS) relevant to
structures in the scope of Clauses A.1 and A.2

1 50-year reference
-year reference .
Consequence period period
class? g p

Responsibility to decide on B 1,50
the target reliability resides CC3 5,2 43 ~ 105
on the National Authorities

CC2 4,7 .@ ~ 104

(NDP)
CC1 4,2 3,3 ~10-3
2 Regarding CCO and CC4, see also 4.3(2) and 4.3(3).

P;= @ (-p) ~ 10°F

B = 3,8 “central” reference value in the Eurocodes

15 The second generation Eurocodes: key changes and benefits through design examples
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Bsoa

Structural reliability

Reliability Benchmark

5.5
_— “...on average a design according to the rules of the
4.5 Eurocode (including the values 1,35 and 1,50 for the
4.0 f partial factors for permanent and variable actions)
3.5 Rt s meets the target reliability level g = 3,8 for a design
3407 lifetime of 50 years with sufficient accuracy.
2.5 A
20 T T T T T T T T T T T T )/G — 1.35 ]/Q — 1- 50
GE) GE) GE) o) o © ° ° e o o o
c E C c = c { ot = j <
g 2 2 g s 2 28 8 3 & 32 3
¢ & ¢ 3 = £ E § = E o = :
2 8 8 © 5§ g 2 E E % 3 ...the values were considered as a good and acceptable
2 % % § & E 7 .
s 5 g = compromise.”
E
Reliability background of the Eurocodes, Vrouwenvelder, T. et al., 2024 — JRC publication (https://eurocodes.jrc.ec.europa.eu/publications/reliability-
background-eurocodes)
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Structural reliability

Figure B.1. Violin plots for the scatter in resulting B-values

Effect of calibration

5.5

5.0 A

Bsoa

Existing gamma

Calibrated with target 3.8|

2.0

T T T T T T T T T T T T
1} v ) : 2 € : : - : :
=] a o ° -] =] o o
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= »v g
E

Optimization method (see Annex C to EN1990:2023)

“...The result can be summarised as a drastic increase of the partial
factor of the variable loads and some decrease of the partial factors

for the permanent loads.”

7 = 1,20; yo = 1,94 for wind; o = 2,35 for snow and y, = 1,60 for

imposed loads
or 5 = 1,20; 5 = 1,75 (single partial factor for variable actions)

‘But for several reasons one should be careful with such a jump

in dimensions in a new code:
(1) one may question the theoretical basis;

(2) there seems to be no urgent need from an unsatisfactory

track record and

(3) one should also consider possibly far stretching economic

consequences.”

Reliability background of the Eurocodes, Vrouwenvelder, T. et al., 2024 — JRC publication (https://eurocodes.jrc.ec.europa.eu/publications/reliability-

background-eurocodes)
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JRC Report ‘Reliability Background of the Eurocodes’

ISSN 1831-9424

The report (200 pages) can be freely accessed and downloaded at:

Publication Office of the European Union:
https://data.europa.eu/doi/10.2760/9482837

Reliability background of the Eurocodes

Support to the implementation,
harmonization and further development of the Eurocodes

JRC Publications Repository:
https://publications.jrc.ec.europa.eu/repository/handle/JRC139110

. Knippe: L, M., Andre,
R., Kohler, J., Bakeer, T., Maljaars, J., Allaix,

JRC Eurocodes website ‘Learning Corner’:
https://eurocodes.jrc.ec.europa.eu/publications/reliability-background-
eurocodes

EUR 40072

entre
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Conseguence Classes

1st Generation 2nd Generation

Table B1 - Definition of consequences classes

Table 4.1 (NDP) — Qualification of consequence classes

Consequences Description Examples of buildings and  civil Consequence Indicative qualification of consequences
Class engineering works
CC3 High consequence for loss. of human life, | Grandstands, pu!}lig building§ where class ] Economic, social or
or economic, social or environmental consequences of failure are high (e.g. a Loss of human life .
consequences very great concert hall) or personal injurya environmental
cC2 Medium consequence for loss of human | Residential and office buildings, public consequencesa
life, economic, social or environmental buildings where consequences of failure
consequences considerable are medium (e.g. an office building) CC4 - Highest Extreme Huge
CCl Low consequence for loss of human life, | Agricultural buildings where people do " "
and economic, social or environmental | not normally enter (e.g. storage CC3 - High High Very great
consequences small or negligible buildings). greenhouses ] ]
CC2 - Normal Medium Considerable
. . . CC1 - Low Low Small
Key revisions / benefits:
CCO - Lowest Very low Insignificant
* Comprehensive definition on CCs, generally valid for all types 2 The consequence class is chosen based on the more severe of these two
of structures columns.

* Introduction of new upper (CC4) and lower (CCO) bound CCs
e Specific examples of classification are given in Annex A
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Consequence Classes Example: buildings

R Table A.1.1 (NDP) — Examples of buildings in different consequence classes
' Consequence Description of images wanw.urspish.com
Examples

class consequence

CC4a Highest Nuclear power plant, dams

CC3 High Buildings or parts of buildings where a very
large number of people could be affected by
failure, e.g. grandstands, concert halls,
high-rise buildings

CC2 Normal Buildings or parts of buildings not covered
by CC1 or CC3

CC1 Low Buildings or part of buildings where very
few people could be affected by failure, e.g.
agricultural buildings, storage buildings

CCOa Lowest Elements other than structural, see 3.1.1.7.

a  For provisions concerning CCO and CC4, see 4.3.

4.3(3) For consequence class CCO, either the Eurocodes or
alternative provisions may be used.

The second generation Eurocodes: key changes and benefits through design examples
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3.1.2.33
robustness

R O b u Stn eSS to an extent disproportionate to the original cause

ability of a structure to withstand unforeseen adverse events without being damaged

4.4 Robustness

(1) A structure should be designed to have an adequate level of robustness so that during its
design service life it will not be damaged by unforeseen adverse events to an extent
disproportionate to the original cause.

NOTE 1 Progressive collapse is an example of a damage that is disproportionate to the original cause.

NOTE 2 For most structures, design in accordance with the Eurocodes is assumed to provide an
adequate level of robustness without the need for any additional design measures to enhance structural
robustness.

(2) Design measures to enhance structural robustness should be applied when specified by
the relevant authority or, where not specified, as agreed for a specific project by the relevant
parties.

NOTE 1 Guidance on additional design measures to enhance structural robustness for buildings and
bridges is given in Annex E.

NOTE 2 Further guidance can be given in the National Annex.

21 The second generation Eurocodes: key changes and benefits through design examples
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Key revisions / benefits:

Definition of robustness
Robustness as explicit design
requirement

Most structures designed
according to the Eurocodes
exhibit “adequate levels of
robustness”

“enhanced” levels to be
reached “when specified”
Further guidance in new
informative Annex E




Robustness

L.

i ==
L= &mage:httpmv.n j "}neer.com
- ¥ f

Annex E
(informative)

Additional guidance for enhancing the robustness of buildings and bridges

E.1 Use of this annex

(1) This Informative Annex provides additional guidance to that given in 4.4, for enhancing the robustness
of buildings and bridges during execution and use.

NOTE1  National choice on the application of this Informative Annex is given in the National Annex. If the National
Annex contains no information on the application of this Informative Annex, it can be used.

NOTE 2  Although the guidance contained in this Informative Annex is for buildings and bridges, its principles can
be applied to other types of structure.

E.2 Scope and field of application

(1) The aim of enhancing the robustness in accordance with this Informative Annex is:

— either to prevent disproportionate consequences as a result of hazardous events such as the failure
or collapse of a structural member or part of a structure; or

— to provide some additional structural resistance to reduce the likelihood and extent of such an event.

NOTE Whilst the strategies and methods given in this Informative Annex enhance structural performance
regarding robustness, they are not generally associated with a target level of reliability as in structural member
design against identified actions and could involve consideration of a conditional reliability.

The second generation Eurocodes: key changes and benefits through design examples
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Design Strategies

Robustness

Table E.1 —Design for identified accidental actions and design strategies for enhanced

robustness
Design for accidental actions Design for enhanced robustness
(EN 1991 (all parts)) (EN 1990)
Explicit design of the structure Strategies based on limiting the extent of damage
(e.g. against explosion, impact)
Design structure | Preventorreduce I Alternative load Key members Segmentation
to resist the the action paths i.e. designing i.e. separation
action e.g. protective either providing | selected members | into distinct parts
measures, control sufficient to resist notional
of events ductility, action(s)
resistance and
deformation
capacity and
redundancy, or
applying
prescriptive
design rules

The second generation Eurocodes: key changes and benefits through design examples
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Guidance on the design for structural robustness

ISSN 1831-9424

Guidance on the design for structural
robustness

Support to the implementation,
harmonization and further development of the Eurocodes

Andre, 1, Anghileri, M., Belletti, B, Biondini, F., Caspeele,
R, Demonceau, J., lzzuddin, B, Martinelli, P, Molkens, T
0'Connor, A, Parisi, F, Sio, J., Sousa, M.L, Thienpont, T

Edited by: Caspeele, R, Thienpont, T, Sousa, M.L

The report (approx. 150 pages) can be freely accessed and
downloaded at:

» Publication Office of the European Union:
https://data.europa.eu/doi/10.2760/525706

» JRC Publications Repository:
https://publications.jrc.ec.europa.eu/repository/handle/JRC138689

» JRC website ‘Learning Corner’:
https://eurocodes.jrc.ec.europa.eu/publications/quidance-design-

structural-robustness
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Sustainability

4.7 Sustainability

(1) The structure should be designed to limit its adverse impact on non-renewable environmental resources, on society,
and on economy during its entire life cycle, as specified by the relevant authority or, where not specified, as agreed for a
specific project by the relevant parties.

NOTE 1 The adverse impact of a structure on its environment, on society, and on economy can be minimized by for example appropriate choice of construction
process and environmentally compatible building materials, including their manufacture, design solutions, durability, recyclability, and reusability.

NOTE 2 Supplementary requirements to account for sustainability in the design can be given in the National Annex.

o5 The second generation Eurocodes: key changes and benefits through design examples
Online workshop, 3-5 June 2025



DESIGN

Quality management

DQL

Annex B
(informative)

Technical management measures for design and execution

B.2 Scope and field of application

(1) This Informative Annex provides a framework for technical management
measures for

— design quality,

— design checking,

Z
O
|_
>
O
L
x
L

— execution quality,
— inspection during execution,

so that the intended level of structural reliability of a structure (or part of structure)
that fulfils the provisions specified in the Eurocodes is achieved and the assumptions
given in 1.2 are satisfied.

NOTE1 The implementation of this Informative Annex depends on the legal system in force in each

country. This Annex is provided as guidance to the writers of National Annexes that can enable a consistent
approach to this subject.

26 The second generation Eurocodes: key changes and benefits through design examples
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* Allow MS
implementing a
consistent approach
to quality
management




Verification by
the partial factor
method

Key revision / benefit:

e Clearer formulation of the fundamental
inequality (8.1), generally valid

* Introduction of inequality (8.2) for ULS
caused by excessive deformation (e.g. in
EN1998 the deformation criterion is used
as a mean to prevent brittle failures)

8.3 Verification of ultimate limit states (ULS)

8.3.1 General

(1) When checking ultimate limit states, the inequality given by Formula (8.1) shall be verified:
Ey <R, (8.1)
where

E4 isthe design value of the effect of actions, defined in 8.3.2;

Ry is the design value of the corresponding resistance, defined in 8.3.5.

NOTE Verification of ULS can be carried out both at member level and at system level.

(2) When checking ultimate limit states caused by excessive deformation, the inequality given by Formula
(8.2) shall be verified:

2
where, in addition to the symbols defined for Formula (8.1)

CquLs is the limiting design value for ultimate limit state of the excessive deformation that is
considered to cause an ultimate limit state.

NOTE1 InFormula (8.2), E4is a displacement or strain, rather than a force or stress.

NOTE 2 In ductile materials, in particular, an ultimate limit state of excessive deformation can occur before
rupture of the material.

(3) The design values of effects of actions and strength parameters to be used in verification of Formula
(8.2) shall be obtained such that the required reliability level for ultimate limit states is obtained.

NOTE For guidance on the selection of Cj ;5 5, see the other Eurocodes.
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E, :}/SdE{Z(yft//Fk);ad;XRd} (8.3)

Partial * linear and non-linear structural systems;

Factqrs on Ed = E{ZF ;ad;XRd} = E{Z(@WF]( );ad;XRd} (8.4) + certain types of geotechnical structure, in
Actions accordance with the relevant part of EN
¥ _ 1997
F YE =Yt Vsd
: * certain types of geotechnical structure, in
Partial accordance with the relevant part of EN
Factors on 1997;

Effects of Ed = 7EE {ZFrep ;ad;Xrep} = 75}5 {Z(WFk );adQXrep} (85) ropes, cables and membrane structures,

Actions where the application of partial factors on
= . the effects of actions is more adverse than
Ye YE= Yt Vsd the application of partial factors on actions.

(8.4) is the most widely adopted simplification in current practice E(F) ﬂ

(8.4) may be unsafe in the non-linear case, where the action effect increase less
than the actions, so-called “underlinear” load effect function - use of (8.3) or (8.5)

Using the most adverse of (8.4) and (8.5) leads to uneconomic designs

v
o
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Basic variables / Single-source principle

6.1.1 Classification of actions

(3) Actions that, owing to physical reasons, induce effects that are strongly correlated with one another, even
when they originate in, or act on, different parts of the structure, or originate from different materials, may be

treated as an action arising from a _
NOTE 1 This rule is commonly known as the ‘_'.
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Single-source principle
8.3.3 Design values of actions

8.3.3.1 Permanent actions

(3) Permanent actions that have both unfavourable and favourable effects may be considered as coming from a single-source, see 6.1.1,
provided the design is not sensitive to spatial variation of those permanent actions.

EXAMPLE  All actions originating from the self-weight of the structure, or the self-weight of different materials in the ground, are commonly considered to
come from a single-source.

(4) Except as specified in (5), permanent actions from a single-source may be multiplied by a single partial factor, using Formula (8.6) if
the resulting action-effect is unfavourable or Formula (8.7) if the resulting effect is favourable.

EXAMPLE  The self-weight of the structure or ground can produce simultaneously both unfavourable and favourable effects. For simplicity, the self-weight
can be considered as coming from a single source and therefore treated as a single action for design purposes.

(8.6) Gd — yGGk Unfavourable effects
7= 1,35 (NDP in Annex A)

G Used when the total contribution of a single permanent load source gives a
k favourable load effect

(8.7) Gd,fr':W - yG,fav
Yofav = 1,00 (NDP in Annex A)

The second generation Eurocodes: key changes and benefits through design examples
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Single-source principle
8.3.3 Design values of actions

8.3.3.1 Permanent actions

(5) When verifying limit states involving loss of static equilibrium or uplift, if a permanent action that arises from a single-source (see
6.1.1) has both favourable and unfavourable effects, the design value of that part of the permanent action that causes an unfavourable
(destabilizing) effect should be calculated from Formula (8.6), and the design value of that part of the permanent action that causes a

favourable (stabilizing) effect should be calculated from Formula (8.7), replacing y;,, with the partial factor y;, given by Formula
(8.8):

7Gstb — 7GF (8.8)

= 0,85 (NDP) Used when verifying limit states involving loss of static
P equilibrium or uplift to calculate the design value of the
Y,stp = 0,85 x1,35 ~ 1,15 permanent action arising from a single source that causes

a favourable (stabilizing) load effect

The second generation Eurocodes: key changes and benefits through design examples
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Single-source principle — Example #1

9 J2

5 1

48 48 48

Only permanent actions with spatial
variation, same mean values = charact.

u(g1) = ulg2) = ul@) = gi
ve = 1,35

VG fav = 1,00

_ 4
Single source Mg, = (— - —) Y6 " gk - a* =——-1,35-u(g) - a* = 0,1125 - g - a?

5 1 5

| 1
NO Single-source Mgy = —vc gk - a° — VG fav " Gk " 4° = (—- 1,35 ——- 1,00> + gk -a* =0,1198 - g, - a®

48 48 48

Negligible difference ~ 6% between the two values of My

Based on «Reliability background of the Eurocodes», Vrouwenvelder, T. et al., 2024 — JRC publication

32 The second generation Eurocodes: key changes and benefits through design examples
Online workshop, 3-5 June 2025

48



Single-source principle — Example #2

9 92 Only permanent actions with spatial
variation, same mean values = charact.

: u(g1) = ulg2) = ul@) = gi
/ ! 1 : : ve = 1,35

a . 0sa Vo ar = 1,00
. 1 1 2
Single source Myq = g¥e k- a? — 276" 9k (0,62)> =0,047 - g4 - a
. % 1 2 1 2 2
NO Single-source My, = g¥e 9k @ = 7Vefav " Ik (0,6a)=0,079-g, - a

Non-negligible difference ~68% between the two values of M

Based on «Reliability background of the Eurocodes», Vrouwenvelder, T. et al., 2024 — JRC publication
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Single-source principle — Example #3

a Permanent actions with spatial variation,
[ | R _
same mean values = charact.
0 9 u(gy) = n(g2) = ug) = gi
/ : 1 : : Variable action q ve = 1,35
! a 062 . = 0500, o fan = 100
: 1 1 1 5
Single source (gy) Mg, = gV6 Ik~ a® — A/ (0,6 a)* tg¥e dke a*=0,14-g;-a
i * 1 2 1 2 1 2 2
NO Single-source (g,) My, = gVc gK @ = 7Vcfav 9k (0,6 a) t3¥e qe-a” =017 g4 -a

difference ~21% between the two values of M,

difference reduces to ~13% for g, = gx

Based on «Reliability background of the Eurocodes», Vrouwenvelder, T. et al., 2024 — JRC publication
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Single-source principle — Some considerations

The “single-source” principle is introduced (it was already present in EN1990:2002) to simplify the
calculation of the unfavourable and favourable load effects induced by actions showing strong
correlation (i.e. full correlation), e.g. self-weight

Applying the “single-source” simplification requires engineering judgment as, in some specific
cases, could lead to unconservative results

The “single source” principle is not applicable to limit states involving loss of static equilibrium or
uplift

35 The second generation Eurocodes: key changes and benefits through design examples
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Limit states involving equilibrium — Example #4

91,k = 92,k = Yk
O il o

Ik
£?=0,5 A : B: :

Q
I
Ul
=
=

Q|

N
I
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Limit states involving equilibrium — Example #4

a=>5m ol Jik = 92k = 9k
b
p=" O o T
W Ik
2 _
pe =05 A B
— a i b =
R;[
~ No anchor needed at
Ra >0 support A

a
Ry = 2 [VG,stb - VG,BZ - VQX,BZ] <

L R, <0 Anchor needed at A
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Limit states involving equilibrium — Example #4

Table A.1.8 (NDP) — Partial factors on actions and effects for verification cases VC1 to VC4 for

persistent and transient (fundamental) design situations

Action or effect Partial factors yp and yg for verification cases
Type Group | Symbol | Resulting | Structural | Static equilibrium § Geotechnical
effect resistance? and upliftP design
Verification case vci1a VC2(a)® | VC2(b)P fvC3c | vC4d
Permanent | Allf Yo unfavourable 1,35kg 1,35kg 1,0 1,0
action /destabilizin
(Gy) Water! Yew g 1,2kg 1,2kg 1,0 1,0
ALl 1o Gy is not
YG,sth 1,15¢ )
stabilizings not used notd factored
Water! | YGw,stb 1,0€ 1,0 use
All YG,fav favourableh 1,0 1,0 1,0 1,0
Prestressin K
g (P e
Variable Allf YQ 1,5kg 1,5kp 1,5kg 1,3 VQ,redj
action unfavourable
1 1,35k 1,35k 1,35k,
Q) Water YQw F F F i 1,15 1,0
All YQ fav favourable 0
Effects of actions (E) YE unfavourable 1,35k
Yg is not applied
YE fav favourable 1,0

The second generation Eurocodes:

Online workshop, 3-5 June 2025

b Verification case VC2 is used for the combined verification
of strength and static equilibrium, when the structure is sensitive to
variations in permanent action arising from a single-source. Values of y;
are taken from VC2(a) or VCZ(b), whichever gives the less favourable
outcome. See 8.3.3.1(5). Formula (8.4) is used for VC2.

Ye.stb = V¢ 0,85~ 1,15

key changes and benefits through design examples
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Limit states involving equilibrium — Example #4

1,5
—\/C2a
—VC2b VC2a
1
x = 0,633
Anchor needed
0.5 at A VC2b
i3 x = 0,667
0
0 0,2 0,4 0,6 0,8 1
0,5
1
Ak
X =—
Ik

The second generation Eurocodes: key changes and benefits through design examples
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Limit states involving equilibrium — Example #4

1,5

-1,5

The second generation Eurocodes: key changes and benefits through design examples

0,2

0,4

Static equilibrium
verified according to
former EQU

Online workshop, 3-5 June 2025

v

Ak
X =—

Ik

0,6

—\VC2

Former
EQU

Static equilibrium
provided by the anchor

»
»

0,8

VC2a
x = 0,63

Former EQU
x = 0,47

Y6, sup = 1,10
Ying = 0,90



Verification of static equilibrium in EN1990 2G

The formulation given eliminates the
inconsistencies detected in the application of the

different combinations in EN1990 1G (EQU, STR, Fh
etc.), when a structural member is needed to
provide equilibrium

Ye.sep™> 1,0 may appear counter-intuitive

The former sets of partial factors for permanent
actions in EQU verifications (0,9 — 1,1) did not
follow the calibration methods for other ULS

The single-source principle shall not be applied to
permanent actions in structures sensitive to their
variations

The second generation Eurocodes: key changes and benefits through design examples
Online workshop, 3-5 June 2025

Li_‘_[ _______ Y.
c
b
A _B
'y
F.A
¥

Gk 2t Qk




A.1 General application and application for buildings

Table A.1.8 (NDP) — Partial factors on actions and effects for verification cases VC1 to VC4 for
persistent and transient (fundamental) design situations

a  Verification case VC1 is used both for structural and geotechnical design. Formula (8.4) is used for VC1.

b Verification case VC2 is used for the combined verification of strength and static equilibrium, when the
structure is sensitive to variations in permanent action arising from a single-source. Values of y; are taken from

VC2(a) or VC2(b), whichever gives the less favourable outcome. See 8.3.3.1(5). Formula (8.4) is used for VC2.

¢ Verification case VC3 is typically used for the design of slopes and embankments, spread foundations, and
gravity retaining structures. See the relevant part of EN 1997 for details. Formula (8.4) is used for VC3.

d  Verification case VC4 is typically used for the design of transversally loaded piles and embedded retaining
walls and (in some countries) gravity retaining structures. See EN 1997 (all parts) for details. Formula (8.5) is
used for VC4.

€ The values of YG,sth = 1,15 and 1,0 are based on YGinf = 1,35 p and 1,2 p with p = 0,85.

f Applied to all actions except water actions.

& Applied to the stabilizing part of an action originating from a single source.

h Applied to actions whose entire effect is favourable and independent of the unfavourable action.

J Yqred = YQ,1/ Y1 Where v 1 = corresponding value of v, from VC1 and y; ; = corresponding value of y; from
VC1.
k" For the definition of y, where y, is materially dependent, see other relevant Eurocodes.

' For water actions induced by waves and currents, see Clause A.6.

Action or effect Partial factors yg and yg for verification cases
Type Group | Symbol | Resulting | Structural | Static equilibrium | Geotechnical
effect | resistance? and upliftd design
Verification case vC1a VC2(a)® | vC2(b)b | vC3c | vead
Permanent | Allf YG unfavourable 1,35kg 1,35kg 1,0 1,0
action /destabilizin
(G) Water! | Yow g 1,2kp 1,2kg 1,0 1,0
ALl Lo Gy is not
YaG,stb 1,15¢ ,
stabilizings not used no'Ei factored
Water! | Yew,stb 1,0e 1,0 use
All YG,fav favourableh 1,0 1,0 1,0 1,0
Prestressin K
g (Py) ®
Variable Allf Yo 1,5k 1,5k 1,5kg 1,3 eredi
action unfavourable
@0 Water! | Yow 1,35k 1,35kg | 1,35k | 1,15 1,0
All YQ,fav favourable 0
Effects of actions (E) YE unfavourable 1,35k
¥g is not applied
YE fav favourable 1,0

Key revision / benefit:
* Comprehensive set of PFs needed for design

* Verification Cases covering different ULS, including
geotechnical design

e Water actions introduced

K: introduced in the table to clarify its application

The second generation Eurocodes: key changes and benefits through design examples
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Table A2.4(A) - Design values of actions (EQU) (Set A)

A.1 General application and application for buildings

TR/GEQ) (Set C)

Persistent and Permanent actions g | Accompanying variable
Persistent and Permanent actions Prestress Leading Accompanying variable :iran_smnt able actions (*)
::s"i:"‘“' variable actions (*) sfifﬁon action (*) Main Others

S .
- o EN1990:2002 o
Unfavourable | Favourable (;1::;’) Others . yPP }Q.] Qk.l ?Q.i %,iQk‘i
(Eq.6.10) | 55upGrjsun | HigintCrjint ¥pP 200 G 0. i - -
e those considered in Tables A2.1 to A2.3

(*) Variable actions are those considered in Tables A2.1 to A2.3.
NOT; 2 ar the nersistent and transient design situations may be set by the National Annex, VOTE The yvalues may be set by the Natio ) <

w.  =10nn
Forp EQ U (A) nded set of values for yare: [z} Table A2.4(B) - Design values of action STR/G EO (C)
Yosup)
Foint = 0.9 i i Presre: A o Leadi A i . .
7 = 1.35 for road and pedestrian traffic actions, where unfavourable (0 where favourable) aP::'slstcnt Permanentactions * cmny i 1ons Prestress vnria::r:f Vari:;?:n am’::%-] estrian traffic actions where unfavourable (0 where favourable)
% = 1.45 for rail traffic actions, where unfavourable (0 where favourable) \ransient Unfavourable | Favourable Favourable action (*) Main Others | tions where unfavourable (0 where favourable)
# = 1.50 for all other variable aclivons for persistent c‘lcsign situations, where unfavourable (0 where design (ifany) part of horizontal earth pressure from soil, ground water, free water and ballast,
= recommended values defined in the relevant design Eurocods. situation iorizontal earth pressure, where unfavourable (0 where favourable)
For transient design situations during which there is a risk of loss of static equilibrium, @, represents | (Eq. 6.10) YoisupOijsp | H64iniOjinr (Eq. 6.108) | ¥6jsupOicjsup | HaintGicjinr wP Joah.G | w0 |able actions where unfavourable (0 where favourable)
destabilising variable action and Oy represents the relevant accompanying destabilising variable actio (Eq. 6.100) | &365j.0pGijsup | HintGrjint wP Fou0k1 Jo.w:0 | linear elastic or non linear analysis, for design situations where actions due to

1, if the

ion process is ly contralled, the recammended set of values

)Q‘= 1,35 for construction loads where unfavourable (0 where favourable)
¥ = 1.50 for all other variable actions, where unfavourable (0 where favourable)

" Where a counterweight is used, the variability of its characteristics may be.
one or both of the following recommended rules:
— applying a partial factor y;; j,r =08 where the self-weights
— by considering a variation of its project-defina
bridge, where the magnitude of the
variation of the counterweight pas

dges during |

NOTE 2 For the verifi
equilibrium also involves

aous bridges or in cases where the verific
« elements (for example where the loss of static
prevented by stab o5, e.g. anchors, stays or auxiliary columns), as an alter
separate verifications based A(A) and A2 4(B), a combined verification, based on Table
be adopted. The National Afinex may set the yvalues. The following values of yare recommended:
Tosup = 1,35

Yot = 1,25

# =135 for road and pedestrian traffic actions, where unfavourable (0 where favourable)

= 1.45 for rail traffic actions, where unfavourable (0 where favourable)

% = 1,50 for all other variable actions for persistent design situations, where unfavourable (0 where
% = 1.35 for all other variable actions, where unfavourable (0 where favourable)

provided that applying ;¢ = 1,00 both to the favourable part and to the unfavourable part of perm;
does not give a more unfavourable effect.

43

(*) Variable actions are

.10b will be in the National Annex. In the case of 6.10a and 6.10b, the National Annex may in addition modify 6.10a to include permanent actions

uts may be set by the National Anne n using expressions 6.10, or 6.10a and 6.10b:

STRIGEO (B)

= 1,35 when Q represents unfavourable actions due to road or pedestrian traffic (0 when favourable)
¥ = 1.45 when  represents unfavourable actions due to rail traffic, for groups of loads 11 to 31 (except 16, 17, 26" and 27"], load models LM71, SW/0 and HSLM and real trains, when
considered as individual leading traffic actions (0 when favourable)

# = 1,20 when © represents unfavourable actions due to rail traffic, for groups of loads 16 and 17 and SW/2 (0 when favourable)

# = 1,50 for other traffic actions and other variable actions 3

£ 0,85 (50 that &) = 0.85 x 1,35 = 1,15).

Hises = 1,20 in the case of a linear elastic analysis, and )., = 1,35 in the case of a non linear analysis, for design situations where actions due to uneven settlements may have unfavourable effects.
For design situations where actions due to uneven settlements may have favourable effects, these actions are not to be taken into account.

See also EN 1991 to EN 1999 for pvalues to be used for imposed deformations.

# = recommended values defined in the relevant design Eurocode.

UThis value covers: self-weight of structural and non structural elements, ballast, soil, ground water and free water, removable loads, etc.

IThis value covers: variable horizontal earth pressure from soil, ground water, free water and ballast, traffic load surcharge earth pressure, traffic aerodynamic actions, wind and thermal actions, etc.
YFor rail traffic actions for groups of loads 26 and 27 %, = 1,20 may be applied to individual components of traffic actions associated with SW/2 and ¥ = 1,45 may be applied to individual
components of traffic actions associated with load models LM71, SW/0 and HSLM, etc.

Table continued on next page

The second generation Eurocodes: key changes and benefits through design examples
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defined in the relevant design Eurocode.




A.1 General application and application for buildings

A.1.8 Serviceability criteria for buildings

A.1.8.1 General

(1) Serviceability criteria should be specified for each building project in accordance with 5.4.

NOTE 1  Serviceability criteria for buildings can include, for example, floor deflection and stiffness; differential

settlements; storey sway or/and building sway; roof deflection and stiffness; vibration frequency and
amplitude/acceleration; and concrete crack width.

NOTE 2  Limiting values can be defined in the National Annex.

NOTE 3  Design values of serviceability criteria for non-industrial buildings, expressed independently of
structural materials, are defined in A.1.8.2 for deformations. Industrial buildings include storage buildings.

NOTE 4 Design values of serviceability criteria for geotechnical structures are given in A.1.8.4.

(2) Depending on specific characteristics of the structural system and its material, other limiting values
may be specified and agreed by the relevant parties involved in the design.

The second generation Eurocodes: key changes and benefits through design examples
Online workshop, 3-5 June 2025

Vertical deflections
and Horizontal
displacements

Vibrations

Limiting foundation
movements



A.1 General application and application for buildings

Table A.1.10 (NDP) — Suggested maximum vertical deflections for non-industrial buildings

Vertical deflections

Wiot

Wmax

y

The second generation Eurocodes: key changes and benefits through design examples
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Serviceability Limiting damage to elements other Comfort of Appearance
criteria than structural® users
Combination of Characteristic combination Frequent Quasi-
actions to be Formula (8.29) combination permanent
considered Formula combination
(8.30) Formula (8.31)

Not  accessible
roof

Roofing

rigid roofing: wo+wg < 1/250
resilient roofing: wo+w5 < /125
Ceiling

plastered ceiling: wy+w5 < 1/350
false ceiling: wp+w3 < [/250

wytwg <1/300

wytwy-w, < 1/250

Floor, accessible
roof

Internal partition walls

not reinforced:

— partitions of brittle material or non-
flexible: wp+w5 < 1/500

— partitions of non-brittle materials:
Winax < 1/400

reinforced walls: wy+w3 <1/350

removable walls: wy+w3 <1/250

Flooring:
— tiles rigidly fixed: wy+w4 < [/500

— small tilesP or deflection not fully
transmitted: wy+ws < 1/350

— resilient flooring: wy+wg < [/250
Ceiling:

plastered ceiling: wp+ws < 1/350
false ceiling: wy+w5 <1/250

wo+ws <1/300

wytwy-w £ 1/250

Structural
frames

Windows:

— no loose joints (no clearance between
glass and frame): wy+w3 <1/1000

— with loose joints: wy+w3 <1/350

2 I=span (or, for cantilever, twice the length); wy, wy, ws, wy

b

ax

Small tiles: sides less than 10 cm.

are defined in Figure A.1.1.




A.1 General application and application for buildings

EN1997-1:2024
3.1.7 Terms relating to structural deformation and ground movement

de,SLS t||t

Bcasis  angular distortion

Ascqasis  differential settlement

Limiting foundation
movements

Table A.1.12 —Classification of structural sensitivity to foundation movement

Key revision / benefit:

Structural Description of
L L O sensitivity class sensitivity
SSC5 Highest
< SSC4 High
SSC3 Normal
e ® SSC2 Low
SSC1 Lowest
_____ 1 -
y
B [ ]

The second generation Eurocodes: key changes and benefits through design examples
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Inclusion of serviceability criteria
limiting foundation movements

Consistency with EN1997
definitions and provisions



Concluding remarks
EN 1990 2G:

EN1990-1 Design of new structures

EN1990-2 Assessment of existing structures

Enhanced ease of use, not limiting the completeness of provisions
Application rules for a wider set of structures
Enhanced provisions on robustness

Sustainability
Alignment with EN1997 geotechnical design
Background document on reliability bases to assist users and NSBs

Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSl). No other use of this material is permitted. British Standards can be obtained from BSI
Knowledge knowledge.bsigroup.com
The second generation Eurocodes: key changes and benefits through design examples
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Thank you!

Paolo Formichi

paolo.formichi@unipi.it
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