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National foreword

This British Standard is the UK implementation of EN 1990:2023. It
supersedes BS EN 1990:2002+A1:2005 and BS EN 1997-1:2004+A1:2013,
which will be withdrawn on 30 March 2028.

The UK participation in its preparation was entrusted to Technical
Committee B/525/1, Actions (loadings) and basis of design.

Alist of organizations represented on this committee can be obtained on
request to its committee manager.

National choice is allowed in this standard where explicitly stated
within notes. The National Annex to this standard contains the
national choices to be used for buildings and civil engineering works
constructed in the UK.

The first generation of EN Eurocodes was published between 2002
and 2007, with conflicting British Standards withdrawn in 2010. This
document forms part of the second generation of EN Eurocodes.

The second generation of EN Eurocodes is expected to be published
between 2023 and 2026. These documents are being published as soon
as they are available. This is being done to enable users to prepare

for the transition from the first generation to second generation of

EN Eurocodes.

UK adoptions of the first generation of EN Eurocodes will be withdrawn
by BSI on 30 March 2028. Until that date, the first generation documents
should be considered as the applicable standards for buildings and civil

engineering works constructed in the UK unless otherwise specified by

the relevant authority or in the specification for a particular project.

This standard is intended to be used with its National Annex and other
referenced documents, including other second generation Eurocodes, as
an interdependent suite of documents.

While the use of provisions in this standard in conjunction with first
generation Eurocodes is not precluded, it should be undertaken with
care and should only be done when users are satisfied that it will not
result in a lower level of reliability than the minimum level set in the first
generation Eurocodes and associated UK National Annexes.

Contractual and legal considerations

This publication has been prepared in good faith, however no
representation, warranty, assurance or undertaking (express or
implied) is or will be made, and no responsibility or liability is or will be
accepted by BSI in relation to the adequacy, accuracy, completeness or
reasonableness of this publication. All and any such responsibility and
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are
responsible for its correct application. Documents

Document Sharing Hub


http://www.avadocuments.com/doc/bs-en-1990-2023
http://www.avadocuments.com/doc/bs-en-1990-2023

BRITISH STANDARD

© The British Standards Institution 2023
Published by BSI Standards Limited 2023
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1CS 91.010.30; 91.080.01

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 31 August 2023.

Amendments/corrigenda issued since publication

Date Text affected
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European foreword

This document (EN 1990:2023) has been prepared by Technical Committee CEN/TC 250 “Structural
Eurocodes”, the secretariat of which is held by BSI. CEN/TC 250 is responsible for all Structural
Eurocodes and has been assigned responsibility for structural and geotechnical design matters by CEN.
This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by September 2027 and conflicting national standards
shall be withdrawn at the latest by March 2028.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN 1990:2002 and its amendments and corrigenda.

In comparison with the previous edition, the following main changes have been made:

— extension of scope to include provisions for bearings;

— improved approach for ULS verification;

— improved provisions on robustness;

— improved provisions on fatigue verification;

— improved provisions for basis of design for geotechnical structures in alignment with EN 1997;
— inclusion of provisions for sustainability;

— improved guidance on reliability analysis and code calibration;

— improved guidance for SLS verification of buildings related to deflection limits, vibrations and
foundation movements;

— improved guidance on management of structural reliability of construction works;
— inclusion of guidance on verification of vibration of footbridges due to pedestrian traffic.

The first generation of EN Eurocodes was published between 2002 and 2007. This document forms
part of the second generation of the Eurocodes, which have been prepared under Mandate M/515
issued to CEN by the European Commission and the European Free Trade Association.

The Eurocodes have been drafted to be used in conjunction with relevant execution, material, product
and test standards, and to identify requirements for execution, materials, products and testing that are
relied upon by the Eurocodes.

The Eurocodes recognize the responsibility of each Member State and have safeguarded their right to
determine values related to regulatory safety matters at national level through the use of National
Annexes.

Any feedback and questions on this document should be directed to the users’ national standards
body. A complete listing of these bodies can be found on the CEN website.
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According to the CEN-CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary,
Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,

Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tiirkiye
and the United Kingdom.
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0 Introduction
0.1 Introduction to the Eurocodes

The Structural Eurocodes comprise the following standards generally consisting of a number of Parts:

— EN 1990 Eurocode - Basis of structural and geotechnical design

— EN 1991 Eurocode 1: Actions on structures

— EN 1992 Eurocode 2: Design of concrete structures

— EN 1993 Eurocode 3: Design of steel structures

— EN 1994 Eurocode 4: Design of composite steel and concrete structures
— EN 1995 Eurocode 5: Design of timber structures

— EN 1996 Eurocode 6: Design of masonry structures

— EN 1997 Eurocode 7: Geotechnical design

— EN 1998 Eurocode 8: Design of structures for earthquake resistance

— EN 1999 Eurocode 9: Design of aluminium structures

— New parts are under development, e.g. Eurocode for design of structural glass

The Eurocodes are intended for use by designers, clients, manufacturers, constructors, relevant
authorities (in exercising their duties in accordance with national or international regulations),
educators, software developers, and committees drafting standards for related product, testing and
execution standards.

NOTE Some aspects of design are most appropriately specified by relevant authorities or, where not
specified, can be agreed on a project-specific basis between relevant parties such as designers and clients. The
Eurocodes identify such aspects making explicit reference to relevant authorities and relevant parties.

0.2 Introduction to EN 1990

This document gives the principles and requirements for safety, serviceability, robustness, and
durability of structures that are common to all Eurocodes parts and are to be applied when using
them.

0.3 Verbal forms used in the Eurocodes
The verb “shall" expresses a requirement strictly to be followed and from which no deviation is
permitted in order to comply with the Eurocodes.

The verb “should” expresses a highly recommended choice or course of action. Subject to national
regulation and/or any relevant contractual provisions, alternative approaches could be used/adopted
where technically justified.

The verb “may" expresses a course of action permissible within the limits of the Eurocodes.

The verb “can” expresses possibility and capability; it is used for statements of fact and clarification of
concepts.
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0.4 National Annex for EN 1990
National choice is allowed in this document where explicitly stated within notes. National choice
includes the selection of values for Nationally Determined Parameters (NDPs).

The national standard implementing EN 1990 can have a National Annex containing all national
choices to be used for the design of buildings and civil engineering works to be constructed in the
relevant country.

When no national choice is given, the default choice given in this document is to be used.

When no national choice is made and no default is given in this document, the choice can be specified
by a relevant authority or, where not specified, agreed for a specific project by appropriate parties.

National choice is allowed in EN 1990 through notes to the following:

4.2(3) 4.3(1) 4.4(2) 4.7(1)
6.1.3.2(4) - 3 choices 6.1.3.2(6) 7.1.5(7) 8.3.2.1(4)
8.3.3.1(5) 8.3.3.6(1) 8.3.4.2(2) - 2 choices A1.3(1)
A1.4(1) A.1.6.1(1) - 3 choices A.1.6.1(2) - 2 choices A1.6.2(1)
A1.6.3(1) A.1.6.3(2) A.1.7(1) - 2 choices A.1.8.1(1)
A.1.8.2.2(2) A.1.8.2.3(2) A.1.8.3(1) A.1.8.3(3)
A.1.8.3(4) A.1.8.4(2) A.1.8.4(4) - 3 choices A2.3(1)
A2.4(1) A.2.7.1(1) - 3 choices A.2.7.3.6(1) A.2.7.4.1(1) - 2 choices
A.2.7.4.3(1) A.2.7.45(1) A.2.7.4.6(1) - 2 choices A.2.7.5.1(1)
A.2.7.5.3(1) A.2.7.5.4(1) - 2 choices A.2.7.6.1(1) A2.7.6.4(1)
A.2.7.10(5) - 2 choices A.2.7.10(9) A.2.8(1) - 3 choices A.29.1(1)
A.29.3.1(5) A.29.3.3(1) A.2.9.3.3(3) A.2.9.3.3(4)
A.29.4.1(1) - 2 choices A.2.9.4.2.1(3) A29.4.2.2(4) A.2.9.4.2.2(5)
A.29.4.2.3(1) A.29.4.2.3(2) A.29.4.2.4(2) - 2 choices A.2.9.4.2.4(4)
A.2.9.5(1) A.2.10(1) A2.11.1(9) A.2.11.4.5(3)
A2.11.4.7(1) B.2(1) B.4(2) B.5(1)

B.6(1) B.6(2) B.7(1) B.8(1)
C.3.1(5) C.3.4.2(3) D.4.1(1) E.4(4)

G.2(1) G.3.1(6) G.3.3.2(1) G.3.3.2(2)
G.3.4(2) G.3.4(3) G.6(2) G.7.1.2(2)
G.7.1.3(2) G.7.3.2(2) G.7.4.2(1) G.7.5.1(1)

G.7.5.2(1) - 2 choices

National choice is allowed in EN 1990 on the application of the following informative annexes:
Annex B Annex C Annex D Annex E

Annex F Annex H

The National Annex can contain, directly or by reference, non-contradictory complementary
information for ease of implementation, provided it does not alter any provisions of the Eurocodes.
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1 Scope
1.1 Scope of EN 1990

(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 intended to be used in conjunction with the other Eurocodes for the design of
buildings and civil engineering works, including temporary structures.

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

(4) 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.

(5) This document is also applicable for:

— structural assessment of existing structures;
— developing the design of repairs, improvements and alterations;

— assessing changes of use.

NOTE Additional or amended provisions can be necessary.
(6) This document is applicable for the design of structures where materials or actions outside the
scope of EN 1991 (all parts) to EN 1999 (all parts) are involved.

NOTE In this case, additional or amended provisions can be necessary.
1.2 Assumptions

(1) It is assumed that reasonable skill and care appropriate to the circumstances is exercised in the
design, based on the knowledge and good practice generally available at the time the structure is
designed.

(2) It is assumed that the design of the structure is made by appropriately qualified and experienced
personnel.

(3) The design rules provided in the Eurocodes assume that:

— execution will be carried out by personnel having appropriate skill and experience;

— adequate control and supervision will be provided during design and execution of the works,
whether in factories, plants, or on site;

— construction materials and products will be used in accordance with the Eurocodes, in the
relevant product and execution standards, and project specifications;

— the structure will be adequately maintained;

— the structure will be used in accordance with the design assumptions.

NOTE Guidance on management measures to satisfy the assumptions for design and execution is given in
Annex B.
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2 Normative references
The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For

undated references, the latest edition of the referenced document (including any amendments)
applies.

NOTE See the Bibliography for a list of other documents cited that are not normative references, including
those referenced as recommendations (i.e. in ‘should’ clauses), permissions (‘may’ clauses), possibilities (‘can’
clauses), and in notes.

EN 1337-3, Structural bearings - Part 3: Elastomeric bearings

EN 1991 (all parts), Eurocode 1: Actions on structures

EN 1991-2:—1, Eurocode 1: Actions on structures - Part 2: Traffic loads on bridges and other civil
engineering works

EN 1992 (all parts), Eurocode 2: Design of concrete structures

EN 1993 (all parts), Eurocode 3: Design of steel structures

EN 1994 (all parts), Eurocode 4: Design of composite steel and concrete structure
EN 1995 (all parts), Eurocode 5: Design of timber structures

EN 1996 (all parts), Eurocode 6: Design of masonry structures

EN 1997 (all parts), Eurocode 7: Geotechnical design

EN 1998 (all parts), Eurocode 8: Design of structures for earthquake resistance

EN 1999 (all parts), Eurocode 9: Design of aluminium structures

3 Terms, definitions and symbols
3.1 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1.1 Common terms used in the Eurocodes

3.1.1.1
construction works
everything that is constructed or results from construction operations

Note 1 to entry: The term covers both buildings and civil engineering works. It refers to the complete
construction works comprising structural members, geotechnical elements and elements other than structural.

1 Under preparation. Stage at the time of publication: prEN 1991-2:2021.
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3.1.1.2

structure

part of the construction works that provides stability, resistance, and rigidity, to meet the safety,
serviceability and durability requirements

Note 1 to entry:  This definition includes structures that comprise one member or a combination of connected
members.

3.1.1.3
structural member
physically distinguishable part of a structure, e.g. column, beam, plate, foundation

3.1.14

structural or geotechnical model

physical, mathematical, or numerical idealization of the structural or geotechnical system used for the
purposes of analysis, design, and verification

3.1.1.5
ground
soil, rock and fill existing in place prior to the execution of construction works

[SOURCE: ISO 6707-1:2020, 3.4.2.1]

3.1.1.6
geotechnical structure
structure that includes ground or a structural member that relies on the ground for resistance

3.1.1.7

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.

3.1.1.8

execution

all activities carried out for the physical completion of the work including procurement, the inspection
and documentation thereof

Note 1 to entry:  The term covers work on site; it can also signify the fabrication of parts off site and their
subsequent erection on site.

3.1.19
quality
degree to which a set of inherent characteristics of an object fulfils requirements

Note 1 to entry:  The term “quality” can be used with adjectives such as poor, good or excellent.

Note 2 to entry:  “Inherent”, as opposed to “assigned”, means existing in the object.

[SOURCE: EN IS0 9000:2015, 3.6.2]
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3.1.2 Terms relating to design

3.1.2.1
design criteria
quantitative formulations describing the conditions to be fulfilled for each limit state

3.1.2.2

design situation

physical conditions expected to occur during a certain time period for which it is to be demonstrated,
with sufficient reliability, that relevant limit states are not exceeded

3.1.2.3
persistent design situation
normal condition of use or exposure of the structure

Note 1 to entry:  The duration of a persistent design situation is of the same order as the design service life of
the structure.

3.1.24

transient design situation

temporary conditions of use or exposure of the structure that are relevant during a period much
shorter than the design service life of the structure

Note 1 to entry: A transient design situation refers to temporary conditions of the structure, of use, or
exposure, e.g. during construction or repair.

3.1.2.5
fundamental design situation
design situation that is either a persistent or a transient design situation

3.1.2.6
accidental design situation
design situation in which the structure is subjected to exceptional events or exposure

Note 1 to entry:  Caused by events such as fire, explosion, impact or local failure.

3.1.2.7
seismic design situation
design situation in which the structure is subjected to a seismic event

3.1.2.8
fatigue design situation
design situation where fatigue actions may cause fatigue failure

Note 1 to entry:  For some materials, a distinction applies between low and high cycle fatigue. The other
Eurocodes give guidance, where relevant.

3.1.2.9

verification case

classification of load cases for fundamental design situations in ultimate limit states, for which a set of
partial factors is defined

3.1.2.10
fire design
design of a structure to fulfil the required performance in case of fire
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3.1.2.11

design service life

assumed period for which a structure or part of it is to be used for its intended purpose with
anticipated maintenance but without major repair being necessary

3.1.2.12
load arrangement
identification of the position, magnitude, and direction of a free action

3.1.2.13

load case

compatible load arrangements, deformations and geometrical imperfections considered, where
relevant, for verification of a specific limit state

3.1.2.14
limit state
state beyond which the structure no longer satisfies the relevant design criteria

3.1.2.15

ultimate limit state

ULS

state associated with collapse or other forms of structural failure

3.1.2.16

serviceability limit state

SLS

state that corresponds to conditions beyond which specified service requirements for a structure or
structural member are no longer met

3.1.2.17
irreversible serviceability limit state
serviceability limit state in which effects of actions remain when the actions are removed

3.1.2.18
reversible serviceability limit state
serviceability limit state in which the effects of actions do not remain when the actions are removed

3.1.2.19
serviceability criterion
performance criterion for a serviceability limit state

3.1.2.20
resistance
capacity of a structure, or a part of it, to withstand actions without failure

3.1.2.21
strength
mechanical property of a material indicating its ability to resist actions, usually given in units of stress

3.1.2.22
fatigue
damaging process caused by cyclic actions or actions inducing cyclic effects that may culminate in
failure
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3.1.2.23

excessive deformation

deformation that exceeds limits to such an extent that the structure can be considered to have reached
an ultimate limit state

3.1.2.24

structural reliability

ability of a structure or a structural member to fulfil the specified requirements during the service life
for which it has been designed

Note 1 to entry:  Reliability covers safety, serviceability and durability of a structure.

3.1.2.25

reliability differentiation

measures intended for the socio-economic optimization of the resources to be used to execute
construction works, taking into account all the expected consequences of failure and the cost of the
construction works

3.1.2.26

basic variable

variable representing a physical quantity that characterizes actions and environmental influences,
geometrical quantities, and material properties, including ground properties

3.1.2.27

maintenance

set of activities performed during the service life of the structure so that it fulfils the requirements for
reliability

Note 1 to entry:  Activities to restore the structure after an accidental or seismic event are normally outside the
scope of maintenance.

3.1.2.28

repair

activities, beyond the definition of maintenance, performed to preserve or to restore the function of a
structure

3.1.2.29
nominal value
value fixed on a non-statistical basis; for instance, on acquired experience or on physical conditions

3.1.2.30

robustness

ability of a structure to withstand unforeseen adverse events without being damaged to an extent
disproportionate to the original cause

3.1.2.31

durability

ability of a structure or structural member to satisfy, with planned maintenance, its design
performance requirements over the design service life

3.1.2.32

sustainability

ability to minimize the adverse impact of the construction works on non-renewable resources in the
environment, on society, and on economy during their entire life cycle
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3.1.2.33

consequence class

categorization of the consequences of structural failure in terms of loss of human lives or personal
injury and of economic, social, or environmental losses

3.1.2.34

gross human error

error resulting from ignorance or oversight that causes a change in the behaviour or a reduction in
reliability of the structure that are unacceptable

3.1.3 Terms relating to actions

3.1.3.1

action

F

mechanical influence on a structure, or a structural member, exerted directly or indirectly from its
environment

3.1.3.2
direct action
set of forces, or loads, applied to the structure

3.1.3.3
indirect action
set of imposed deformations or accelerations

EXAMPLE Imposed deformations or accelerations caused by temperature changes, moisture variation,
uneven settlement or earthquakes.

3.1.3.4

effect of actions

E

action-effect

resulting effect, on a structural member or on the whole structure, from the application of actions

EXAMPLE Internal forces, moments, stresses, strains, deflections, and rotations.
3.1.3.5

permanent action

G

action that is likely to act throughout the design service life and for which any variation in magnitude
is either small, compared with the mean value, or monotonic; i.e. it either only increases or decreases,
until it reaches a limit value

3.1.3.6
variable action

Q

action that is likely to occur during the design service life for which the variation in magnitude with
time is neither negligible nor monotonic

3.1.3.7
fatigue action

F fat
cyclic action or action inducing cyclic effects that can cause fatigue
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3.1.3.8

accidental action

A

action, usually of short duration but of significant magnitude, that is unlikely to occur during the
design service life

Note 1 to entry:  An accidental action can be expected in many cases to cause severe consequences, unless
appropriate measures are taken.

3.1.39

seismic action

Ag

action that arises due to earthquake

3.1.3.10
climatic action
action arising from the climatic system

EXAMPLE Snow, wind, temperature variation, atmospheric icing, and humidity.

Note 1 to entry: ~ Waves and currents are considered as an effect of climatic actions and other influences on
water.

3.1.3.11

fixed action

action that has a fixed distribution and position over a structure or structural member such as its
magnitude and direction are determined unambiguously for the whole structure or structural member

3.1.3.12
free action
action that can have various spatial distributions over the structure

3.1.3.13
bounded action
action that has a limiting value that cannot be exceeded and which is known to a sufficient accuracy

3.1.3.14

single action

action that can be assumed to be statistically independent in time and space of any other action acting
on the structure

3.1.3.15
static action
action that does not cause significant acceleration of the structure or structural members

3.1.3.16
dynamic action
action that causes significant acceleration of the structure or structural members

3.1.3.17
quasi-static action
dynamic action represented by an equivalent static action in a static model
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3.1.3.18
representative value of an action
F,

rep
value of an action used for the verification of a limit state

Note 1 to entry:  The representative value can be the characteristic, combination, frequent, or quasi-permanent
value.

3.1.3.19

characteristic value of an action

Fy

value of an action chosen, as far as it can be fixed on a statistical basis, to correspond to a prescribed
probability of not being exceeded unfavourably during a specified reference period

Note 1 to entry: If a characteristic value cannot be fixed on a statistical basis, it can be replaced by a nominal
value.

3.1.3.20

design value of an action

Fq

value obtained by multiplying the representative value of an action by a partial factor yg or determined
directly

3.1.3.21

reference period

period of time that is used as a basis for statistically assessing extreme realizations of variable actions
and possibly for accidental actions

3.1.3.22
return period
average number of years in which a stated action statistically is exceeded once

3.1.3.23

combination of actions

set of design values of actions used for the verification of the structural reliability for a limit state
considering the simultaneous influence of different actions

3.1.3.24
leading action
principal action in a combination

3.1.3.25
accompanying action
action that accompanies the leading action in a combination

3.1.3.26
combination value of a variable action

Qcomb

value of an accompanying action to be used in the verification of ultimate limit states in persistent or
transient design situations and irreversible serviceability limit states, chosen - in so far as it can be
fixed on statistical bases - so that the probability that the effects caused by the combination will be
exceeded is approximately the same as by the characteristic value of an individual action

Note 1 to entry:  Q.,,p €an be expressed as a proportion ¥, of the characteristic value (i.e. Q.o = YoQ)
where 1 < 1.
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3.1.3.27
frequent value of a variable action

ere

q

value used in the verification of ultimate limit states involving accidental actions and in the verification
of some reversible serviceability limit states

Note 1 toentry:  Qg.q can be expressed as a proportion ), of the characteristic value (i.e. Qg.oq = ¥1Qy), where
P <1

3.1.3.28
quasi-permanent value of a variable action

Q

qper

value used in the verification of ultimate limit states involving accidental or seismic actions; in the
verification of some reversible serviceability limit states and in the calculation of long-term effects

Note 1 to entry:
Py 1.

quer can be expressed as a proportion 3, of the characteristic value (i.e. quer =1,0,), where

3.1.3.29
natural frequency
frequency of free oscillation of a structure

3.1.3.30

dynamic amplification factor

ratio between the characteristic value of the effect of the dynamic action and the characteristic value of
the effect of the static action

Note 1 to entry:  The definition applies also for other representative values.

3.1.4 Terms relating to material and product properties

3.1.4.1

characteristic value of a material or product property

Xy

value of a material or product property having a prescribed probability of not being attained in a
hypothetical unlimited test series

Note 1 to entry:  This value generally corresponds to a specified fractile of the assumed statistical distribution
of the particular property of the material or product. A nominal value is used as the characteristic value in some
circumstances.

3.1.4.2
representative value of a material or product property
X

rep
value obtained by multiplying the characteristic value of a material or product property by a
conversion factor accounting for scale effects, effects of moisture and temperature, effects of ageing of
materials, and any other relevant parameters
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3.1.4.3

design value of a material or product property

Xq

value obtained by either dividing the inferior representative value of a material or product property by
a partial material factor or, when it is more critical, by multiplying the superior representative value
by a partial material factor

Note 1 to entry:  In special circumstances, the value may be obtained by direct determination.
Note 2 to entry:  For specific rules, see the other Eurocodes.

3.1.5 Terms relating to geometrical property

3.1.5.1
nominal value of a geometrical property

anom

value of a geometrical property corresponding to the dimensions specified in the design

Note 1 to entry:  Where appropriate, nominal values of geometrical properties can be replaced by a prescribed
fractile of their statistical distribution.

3.1.5.2

design value of a geometrical property

aq

value of a geometrical property that includes any deviation

Note 1 to entry:  Where relevant, it can include possible deviations from nominal value.
3.1.6 Terms relating to structural and geotechnical analysis

3.1.6.1
structural analysis
procedure or algorithm for determination of effects of actions within a structure

Note 1 to entry:  Structural analyses are sometimes performed at more than one level using different models
(e.g. global, member and local analyses).

3.1.6.2

linear behaviour

behaviour of a structure or a structural member in which the relationship between actions and their
effects is directly proportional

3.1.6.3

non-linear behaviour

behaviour of a structure or a structural member in which the relationship between actions and their
effects is not proportional

3.1.64
geometric non-linearity
non-linearity caused by changes in geometry from the initial undeformed state

EXAMPLE Examples of structures where geometric non-linearity can occur are membranes, cables, flat
arches, catenaries, slender columns and slender beams.
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3.1.6.5

first order theory

relationship between actions and effects when the deformations of a structural member or the entire
structure do not have significant influence on the equilibrium equation

3.1.6.6

second order theory

relationship between actions and effects when the deformations have influence on the equilibrium
equation

3.1.6.7
material non-linearity
non-linearity caused by a non-linear stress-strain relationship of the material

EXAMPLE Plasticity, cracking in concrete, strain hardening, hysteresis.

3.1.6.8

contact non-linearity

non-linearity caused by changes at the contact boundary between structural parts during introduction
of actions

EXAMPLE Friction interface, interface between concrete floor slab and masonry wall, soil and footing.

3.1.6.9
non-linearity of the limit state function
non-linearity between the resistance and the variables influencing the resistance

Note 1 to entry:  This is important for the application of partial factors.

3.1.6.10
stress history
stress variation during time

3.1.7 Terms relating to bridges

NOTE 1 Definitions, symbols, notations, load models and groups of loads for traffic loads are those used or
defined in the relevant section of EN 1991-2.

NOTE 2  Symbols, notations and models of actions during execution are those defined in EN 1991-1-6.

3.1.71

integral abutment bridge

bridge without joints in the deck that accommodates thermal expansion and contraction by movement
of the abutments in and out of the backfill

3.1.7.2

support system

arrangement of supports that transfer the loads from the superstructures (e.g. bridge, overpass) to the
substructures (e.g. piers, abutments) and allow movements for specified degrees of freedom

3.1.7.3

notional fixed point

point where thermal expansion, or other free or partially free strains of the superstructure do not
generate global movements
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3.1.74
expansion length
distance from notional fixed point to location in question

3.1.7.5
prestrain
prestressing force caused by controlled deformations imposed to a tension component

Note 1 to entry:  Contrary to the axial force, the prestrain is independent of the loads on the structure. It
changes only when the adjustment of the stay is modified. The prestrain can be applied step by step, depending
on the construction process. Due to the deflection during construction, the distance between terminations in the
completed structure can be different from the distance between terminations at the time of installation.

Note 2 to entry:  The prestrain of a stay cable is characterized by its pre-deformation (see Figure 3.1) or the
reference tension F,. that is to be applied to the stay to force its ends to coincide with the position of the
terminations in the reference geometry. If the stay is modelled with a linear behaviour, the reference tension is
proportional to the predeformation: F,.. = EA ¢ where A, is the nominal metallic cross-section of the tension
element. If the stay is modelled as a catenary, it is more convenient to use the reference tension. As the prestrain,
the reference force does not depend on the loads applied on the structure. It can differ from the stay force at the
time of stay installation.

Key
|  distance between terminations in the reference geometry
Iy length of the cable without tension and gravity

e predeformation, e=Al/ I,

Figure 3.1 — Prestrain for stay cables in cable supported bridges
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3.2 Symbols and abbreviations

For the purposes of this document, the following symbols apply.

NOTE

The notation used is based on ISO 3898:2013.

3.2.1 Latin upper-case letters

int

Accidental action

Design value of an accidental action

Seismic action

Design value of seismic action

Design value of seismic action in an ultimate limit state

Design value of seismic action in a serviceability limit state

Effective plan area for layer i of elastomeric bearing

Nominal metallic cross-section of the tension element

Representative value of accidental water action

Limiting design value of the relevant serviceability criterion

Limiting design value for ultimate limit state of excessive deformation

Consequence class
Comfort level

Limiting value for characteristic movement at integral abutment

Damage limitation
Effect of actions
Mean value of X

Design value of effect of actions

Action

Design value of bearing force

Design value of an action

Design value of actions used in assessment of E4
Fatigue action

Design value of a fatigue action

Characteristic value of an action

Reference tension

Representative value of an action
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Fv*v Limiting value for accompanying wind force for road bridges
F\;* Limiting value for accompanying wind force for railway bridges
Fux Wind force
G Permanent action
Gq Design value of a permanent action
Gge Design shear modulus of elastomer
Gge,i Design value of shear modulus of elastomer for layer i
Gy fav Design value of a permanent action that produces a favourable effect
Gexp Tolerance for shear modulus
Gy Characteristic value of a permanent action
Gy i Characteristic value of a permanent action i
Gy inf Lower characteristic value of a permanent action
Ghom Nominal shear modulus
Gy sup Upper characteristic value of a permanent action
Grep Representative value of a permanent action
Gy Water action
Gk Characteristic value of water action
Gwk inf Lower characteristic value of water action
Gw,rep Representative value of water action
Gwisup Upper characteristic value of water action
HSLM High speed load model
LM Load model
Ny Design value of the normal forces at the bearing in the applicable combination
Ny Design value of normal force at sliding bearing of support i
Ng, Design value of normal forces of permanent actions and prestressing at sliding bearing
of supportj
NC Near collapse
NDP Nationally Determined Parameter
P Prestressing force
Py Design value of a prestressing force
P¢ Failure probability level
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Py inf

p k,sup

Qc
Qcomb
Qq
Qfreq

Qfwk

Qk,j
Qx1

)

QLk
Qgper
Qrep
Qsnk
Qw,comb
Quw,freq
Qw,gper
Qw,rep
Quwk

R

Ry

Reat
Reata
SD

SLS

Characteristic value of a prestressing force
Lower characteristic value of a prestressing force
Upper characteristic value of a prestressing force

Variable action

Construction action
Combination value of a variable action
Design value of a variable action

Frequent value of a variable action

EN 1990:2023 (E)

Characteristic value of the concentrated load (wheel load) on a footbridge

Characteristic value of a variable action

Characteristic value of the accompanying variable action j
Characteristic value of the leading variable action 1
Horizontal force resulting from acceleration and braking
Quasi-permanent value of a variable action
Representative value of a variable action

Characteristic value of snow load

Combination value of variation in water action

Frequent value of variation in water action
Quasi-permanent value of variation in water action
Representative value of variation in water action
Characteristic value of variation in water action

Resistance

Design value of the resistance
Representative value of the fatigue resistance
Design value of the fatigue resistance

Significant damage
Serviceability limit state

Duration of fire exposure
Thermal action
Design service life

Initial temperature
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TS Tandem system

UDL Uniformly distributed load

ULS Ultimate limit state

%4 Coefficient of variation, V = (standard deviation)/(mean value)

Vr Train speed

Vy Coefficient of variation of X

Vs Estimator for the coefficient of variation of the error term &

X Array of j basic variables X ... X;

X4 Design value of a material or product property

Xk Characteristic value of a material or product property

Xi(n) Characteristic value, including statistical uncertainty for a sample of size n, with any
conversion factor excluded prior to application of any correction factor.

X Array of mean values of the basic variables

XRrd Value of a material or product property used in the assessment of Ry

Xrep Representative value of a material or product property

3.2.2 Latin lower-case letters

Apt Limiting value for bridge deck acceleration for ballasted track
aq Design value of a geometrical property

age Limiting value for bridge deck acceleration for ballastless track
Afim,v Limiting value for acceleration in vertical direction

Ajim h Limiting value for acceleration in horizontal direction

Apom Nominal value of a geometrical property

b Correction factor

b; Correction factor for test specimen i

b, Limiting value of vertical acceleration

, Maximum permissible vertical acceleration

dg,con Design contraction movement of a bearing
dg exp Design expansion movement of a bearing
dexecution Movements of bearings during execution before the structure becomes restrained
dgq Design movement due to permanent effects
dpg Design movement due to prestressing
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de,con
de,exp

dSet,i

fro

my

d1k
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Design contraction movement due to variable actions

Design expansion movement due to variable actions

Difference in settlement of an individual foundation or part of a foundation
Limitation value for fundamental natural frequency of lateral vibration of a span
Theoretical resistance function, of the basic variables X, used as the design model
Height of building

Storey height

Design value of a geometrical imperfection

Design fractile factor for a sample size n

Dynamic factor

Consequence factor

Characteristic fractile factor for a sample size n

Temperature factor

Factor for reducing geometric imperfections

Span

Mean value of the variable X from n sample results

Number of a quantity

Action due to aerodynamic effects

Resistance value

Design value of the resistance
Experimental resistance value

Extreme (maximum or minimum) value of the experimental resistance, i.e. value of r,
that deviates most from the mean value r,,

Experimental resistance for specimen i

Mean value of the experimental resistance

Characteristic value of the resistance

Mean value of the resistance calculated using the mean values X, of the basic variables
Theoretical resistance determined from the resistance function g _(.X)

Theoretical resistance determined using the measured parameters X for specimen i
Change of radius of a track across a deck

Estimated value of the standard deviation o
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Scd

Sg

SA

)

t
Celseff i
by

u

Differential settlement
Track gauge
Estimated value of 04
Estimated value of o5

Maximum twist

Effective thickness of elastomer layer i
Limiting value for total track twist

Horizontal displacement of a structure or structural member

Design value of relative displacement of elastomer layer i
Relative horizontal displacement over a storey height excluding rigid body rotation
the i-th measurement of the variable X

Vertical deflection of a structural member

Precamber

Remaining total deflection taking into account precamber

Total deflection

Initial part of deflection under permanent loads

Long-term part of deflection under permanent loads including quasi-permanent loads

Instantaneous deflection due to variable actions excluding quasi-permanent loads

3.2.3 Greek upper-case letters

o
(Ddyn
A

A
Aa

Ad
Adge ;

AscgsLs
ATd,con

A Td,exp
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Cumulative distribution function of the standardized Normal distribution

Dynamic factor
Logarithm of the error term 6, 4; = In(6;)

Estimated value for E(4)

Deviation in a geometrical property
Geometric uncertainty

Uncertainty attached to the assessment of the settlement of a foundation or part of a
foundation

Maximum differential settlement

Characteristic value of maximum fall of a uniform temperature component resulting in
contraction

Characteristic value of maximum rise of a uniform temperature component resulting in
expansion
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)

ATy

,exp

AT,
A,
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Characteristic value of maximum fall of a uniform temperature component resulting in
contraction

Characteristic value of maximum rise of a uniform temperature component resulting in
expansion

Range of initial bridge temperature

Maximum differential transverse deflection

3.2.4 Greeklower-case letters

a

aqr

a
Qi,max,T
Qa,
Qi,r1
ay

B
Bcd

Bcd,sLs

VE

VE fav

Yt

YF
VFf
YG
YG,fav
YG,i
YG,set

VG,set,faV

Adjustment factor

Adjustment factors of some load models on lanesi (i =1, 2...)
Factor depending on the type of bearing and number of bearings
Adjustment factors of some load models on lanesi (i =1, 2...)
Adjustment factor of load models on the remaining area

FORM (First Order Reliability Method) sensitivity factor of Q; dominating (i = 1, 2)

FORM (First Order Reliability Method) sensitivity factor of Q; not dominating (i = 1, 2)

Sensitivity factor indicating the importance of Y in the reliability estimation
Reliability index

Angular distortion

Maximum angular distortion

Adjustment factor of load model 2

Partial factor

Partial factor applied to the effects of actions accounting for the uncertainties covered
by ygand ygq

Partial factor applied to the favourable effects of actions

Partial factor for actions, which takes account of unfavourable deviations of the action
values from the representative values

Partial factor for actions, accounting for the uncertainties covered by yfand ygq4
Partial factor for fatigue actions

Partial factor for a permanent action that produces unfavourable effects
Partial factor for a permanent action that produces favourable effects

Partial factor for permanent action i

Partial factor for the effects of settlement

Partial factor for the effects of settlement that produces favourable effects
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yG,stb

YGw
YGw,stb

Ym

™M

Ymf
Yp

Yq
YQ,fav
Yqj
YQred
YQr
Yow
YR

YRd

Vsd

Nd

Nk
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Partial factor for the favourable (stabilizing) part of a permanent action treated as a
single-source

Partial factor for water actions
Partial factor for the favourable (stabilizing) part of water actions

Partial factor for a material property accounting for unfavourable deviation of the
material or product properties from their characteristic values, the random part of the
conversion factor n and geometric deviations, if these are not modelled explicitly

Partial factor for a material property, accounting for the uncertainties covered by y,,
and ypq

Partial factor for fatigue resistance

Partial factor for prestressing forces

Partial factor for variable actions, accounting for the uncertainties covered by yg
Partial factor applied to variable actions that produce favourable effects

Partial factor for variable action j

Reduced partial factor applied to unfavourable variable actions in geotechnical design
Partial factor for thermal actions

Partial factor for variation in water actions

Partial factor for the resistance accounting for unfavourable deviation of the material
or product properties from their characteristic values, the random part of the
conversion factor 1, geometric deviations (if these are not modelled explicitly) and
uncertainty in the resistance model

Partial factor for the resistance associated with the uncertainty of the resistance model
and geometric deviations, if these are not modelled explicitly

Partial factor associated with the uncertainty of the action and/or action effect model
Error term

Observed error term for test specimen i obtained from a comparison of the
experimental resistance r, ; and its theoretical resistance bry ; corrected using

correction factor for corresponding mean values (b,,,)
Vertical deflection
Transverse deflection

Conversion factor accounting for scale effects, effects of moisture and temperature,
effects of ageing of materials, and any other relevant parameters

Design value of the possible conversion factor, so far as it is not included in partial
factor for resistance yy

Reduction factor applicable in the case of prior knowledge

End rotation of structure
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Design value of the bearing friction coefficient

Favourable coefficient of friction

Maximum coefficient of friction

Reduction factor applied to unfavourable permanent actions

Reduction factor applied to y; when deriving yg ¢

Standard deviation, o = «/ variance
Variance of the term 4

Combination factor applied to a characteristic variable action

Reduction coefficient taking into account the probability that the footfall frequency

(jogging) approaches the critical range of natural frequencies under consideration

Reduction coefficient taking into account the probability that the footfall frequency

(walking) approaches the critical range of natural frequencies under consideration

Combination factor applied to a variable action to determine its combination value
Combination factor applied to a variable action to determine its frequent value
Combination factor applied to a variable action to determine its quasi-permanent value
Combination factor applied to variable action j to determine its combination value
Combination factor applied to variable action j to determine its frequent value
Combination factor applied to variable action j to determine its quasi-permanent value

Tilt

4 General rules

4.1 Basic requirements

(1) The assumptions given in 1.2 and in the other Eurocodes shall be met.

(2) A structure shall be designed and executed in such a way that it will, during its design service life,
with appropriate degrees of reliability and in an economical way:

— sustain all reasonably foreseeable actions and influences that can occur during its execution and
use, as specified for the structure;

— meet the specified serviceability requirements for the structure or a structural member;

— meet the specified durability requirements for the structure or a structural member.

NOTE

Design carried out in accordance with the Eurocodes is assumed to satisfy these requirements.

(3) In the case of fire, the structural resistance shall be adequate for the required period of time.

NOTE

For general provisions related to fire design, see also EN 1991-1-2.
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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 (all parts): EN 1991, EN 1992, EN 1993, EN 1994, EN 1995,
EN 1996, EN 1997, EN 1998 and EN 1999.

(2) Appropriate measures should be taken to avoid gross human errors and omissions and to limit
their effects on the structural reliability.

NOTE1  This document does not make allowance for gross human errors.

NOTE2  Guidance on appropriate measures to limit the probability of occurring of gross human errors and
omissions is given in Annex B.

(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;

NOTE1 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.

NOTE 4  Levels of reliability for structural failure, serviceability and durability are achieved by:
— appropriate representation of the basic variables, see Clause 6;
— accuracy of the mechanical models used and interpretation of their results;

— prevention of errors in design and execution of the structure, including gross human errors, see also
Annex B for further guidance;

— adequate inspection and maintenance according to procedures specified in the project documentation.
4.3 Consequences of failure

(1) The consequences of failure of the structure or a structural member shall be classified into one of
the five following consequence classes:

— CC4 - highest consequence;

— CC3 - high consequence;

— CC2 - normal consequence;

— CC1 - low consequence;

— CCO - lowest consequence.
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NOTE1 Table 4.1 (NDP) gives the classification of consequence classes with reference to indicative
qualification of consequences, unless the National Annex gives different qualifications.

Table 4.1 (NDP) — Qualification of consequence classes

Consequence Indicative qualification of consequences
class . .
. Economic, social or
Loss of human life .
or bersonal iniurva environmental
P jury consequences?
CC4 - Highest Extreme Huge
CC3 - High High Very great
CC2 - Normal Medium Considerable
CC1 - Low Low Small
CCO - Lowest Very low Insignificant
a The consequence class is chosen based on the more severe of these two
columns.

NOTE 2  The provisions in Eurocodes cover design rules for structures classified as CC1 to CC3.

NOTE 3  The provisions in the Eurocodes do not entirely cover design rules needed for structures classified as
CC4. For these structures, additional provisions to those given in the Eurocodes can be needed.

NOTE 4  Annex A gives examples of the classification of structures into consequence classes.

NOTES5  The consequence class is used to determine the value of consequence factor kg, see Annex A.

NOTE6  The consequence class can be used to determine the management measures to achieve the intended
structural reliability, see Annex B for further guidance.

NOTE7  The consequence class can be used to modify the failure probability levels P; or reliability indices f,
see Annex C for further guidance.

NOTE8  The consequence class can be used in the direct assessment of the design values for ULS verifications,
see Annex D for further guidance.

NOTE9  The consequence class can be used to choose design methods for enhancing robustness, see Annex E
for further guidance.

(2) Consequence classes CC1 to CC3 may be divided into upper and lower sub-classes, provided that
consistency when specifying the consequence classes is ensured for the design of the structures as a
whole.

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

NOTE1  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.
4.5 Design service life

(1) The design service life T} of the structure should be specified.

NOTE Values of Tjare given in Annex A for different categories of structures.

(2) The design service life should be used to determine the time-dependent performance of the
structure.

NOTE Examples of time-dependent performance include durability, fatigue, and deformation due to
consolidation of the ground.

(3) Structures or parts of structures that can be dismantled in order to be re-used should not be
classified as temporary structures.

(4) A reduced design service life may be used for the verification of fatigue and durability of
replaceable structures and parts, provided that the replacement is explicitly taken into account in the
design.

NOTE For the verification of durability, see 4.6. For the verification of fatigue, see 8.3.5.4.
4.6 Durability
(1) The structure shall be designed such that any deterioration over its design service life does not

impair its intended performance, having due regard to its exposure to the environment and its
anticipated level of maintenance.

(2) To achieve adequate durability, the structural design should take into account:

— the structure's intended or foreseeable use;
— any required design criteria;
— expected environmental conditions;

— composition, properties and performance of structural materials and products, both on their own
and in combination with other materials;

— properties of the ground;

— the choice of structure, the shape of structural members, and structural detailing;
— the quality of workmanship and level of control on site;

— any protective measures that are implemented;

— any intended inspection and maintenance during the structure's design service life.
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NOTE The other Eurocodes specify appropriate measures to increase the durability of the structure.

(3) The environmental conditions shall be identified during design so as to enable assessment of their
impact on durability and to allow adequate provisions for protection of the materials used in the
structure to be made.

(4) The degree of any deterioration affecting the resistance of a structure or a structural member may
be estimated using calculation, experimental investigation, experience from earlier constructions, or a
combination of these methods.

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.

NOTE1 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.

4.8 Quality management
(1) Appropriate quality management measures should be implemented to provide a structure that
corresponds to the design requirements and assumptions.

(2) The following quality management measures should be implemented:

— organizational procedures for design, execution, use, and maintenance;
— controls at the stages of design, detailing, execution, use, and maintenance.

NOTE For guidance on appropriate quality management measures, see Annex B and the other Eurocodes.

5 Principles of limit state design
5.1 General

(1) A distinction shall be made between ultimate and serviceability limit states.

(2) Verification of a particular limit state may be omitted if the verification of another limit state
demonstrates that the particular limit state will not be exceeded.

(3) Limit states shall be verified for all relevant design situations.

(4) Limit states that involve the time-dependent performance of the structure should be verified
taking into account its design service life.

NOTE See 4.5(1).
5.2 Design situations

(1) Design situations shall be selected appropriately for the conditions under which the structure has
to meet all requirements.

(2) Design situations shall be sufficiently severe and varied so that they encompass all conditions that
can reasonably be foreseen to occur during execution and use of the structure.
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(3) Design situations should be classified according to Table 5.1.

NOTE

Information on specific design situations within each of these classes is given in the other Eurocodes.

Table 5.1 — Classification of design situations

Design situation Conditions Examples
Persistent Normal use and exposure During everyday use
Transient Temporary use and During execution, repair or

exposure during a period temporary environmental
much shorter than the influence
design service life of the
structure
Accidental Exceptional conditions or During flooding, extreme sea
exposure water level, fire, explosion, or
impact; or local failure
Seismic Exceptional conditions During an earthquake
during a seismic event
Fatigue Conditions caused by Owing to traffic loads on a
fatigue actions bridge, wind induced vibration
of chimneys, or machinery-
induced vibration

5.3 Ultimate limit states (ULS)

(1) Limit states that concern the safety of the structure to prevent:

— human losses or injury to people,

— unacceptable economic or environmental losses,

shall be classified as ultimate limit states (ULS).

(2) States prior to structural collapse may be treated as ultimate limit states.

EXAMPLE

treat a state prior to collapse as the ultimate limit state.

When the structural response is ductile and collapse is difficult to define, it can be convenient to

(3) The following ultimate limit states shall be verified, as relevant:

— failure of the structure or the ground, or any part of them including supports and foundations, by
rupture, excessive deformation, transformation into a mechanism, or buckling;

— loss of static equilibrium of the structure or any part of it;

— failure of the ground by hydraulic heave, internal erosion, or piping caused by excessive hydraulic
gradients;

— failure caused by fatigue;
— failure caused by vibration;

— failure caused by other time-dependent effects.
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NOTE 1  Details of ultimate limit states caused by fatigue are given in the other Eurocodes.

NOTE 2  Details of ultimate limit states caused by hydraulic gradients are given in the relevant part of
EN 1997.

NOTE 3  Loss of static equilibrium includes uplift by water pressure (buoyancy) or other vertical actions.
NOTE4  Details of ultimate limit states for seismic design situations are given in EN 1998 (all parts).

(4) When verifying loss of static equilibrium, variations in the magnitude or spatial distribution of
permanent actions from a single-source should be considered.

NOTE The term 'single-source' is explained in 6.1.1(3) and 8.3.3.1.
5.4 Serviceability limit states (SLS)

(1) Limit states that concern:

— the functioning of the structure or structural members under normal use;
— the comfort of people,
— the appearance of the construction works

shall be classified as serviceability limit states (SLS).

NOTE The term 'appearance’ here is concerned with criteria such as large deflections or extensive cracking,
rather than aesthetics.

(2) A distinction shall be made between reversible and irreversible serviceability limit states.
(3) The verification of serviceability limit states should be based on criteria concerning the following:

— deformations that adversely affect the appearance, the comfort of users, or the functioning of the
structure;

NOTE1  The functioning of the structure includes the functioning of machines and services.
— deformations that cause damage to finishes or elements other than structural;
— vibrations that cause discomfort to people or limit the functional effectiveness of the structure;
— damage that is likely to adversely affect the appearance, durability, or functioning of the structure.
NOTE 2  Additional provisions related to serviceability criteria are given in the other Eurocodes.

(4) Serviceability requirements should be specified individually for each project.

NOTE Serviceability criteria for some serviceability limit states are given in Annex A.
5.5 Structural models, geotechnical models and loading models

(1) Limit states shall be verified using appropriate structural models, geotechnical models and loading
models.
(2) The models that are used to verify limit states shall be based on design values for:

— actions;
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— material and product properties;
— geometrical properties.

(3) The structure shall be verified for all critical load cases in each relevant design situation.

(4) Design values for the basic variables given in (2) should be obtained using the partial factor
method, given in Clause 8.

(5) As an alternative to (4), design based on probabilistic methods may be used when specified by the
relevant authority or, where not specified, as agreed for a specific project by the relevant parties.

NOTE Further guidance on probabilistic methods is given in Annex C.

6 Basic variables
6.1 Actions and environmental influences
6.1.1 Classification of actions

(1) Actions F shall be classified by their variation in time as follows:

— permanent (G); or
— variable (Q); or
— accidental (4); or
— seismic (4g).

NOTE 1 Climatic actions, such as wind and snow actions, can be classified as either variable or accidental,
depending on site location. See EN 1991 (all parts).

NOTE 2  Actions arising from elements other than structural can be classified as either permanent or variable.
See EN 1991-1-1.

NOTE 3 For fatigue actions, see 6.1.3.3.

(2) Actions may also be classified by their:

— origin, as direct or indirect; or
— spatial variation, as fixed or free; or
— nature and/or the structural response, as static or dynamic.

(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 single source.

NOTE1  This rule is commonly known as the ‘single-source principle’.

NOTE 2  The single-source principle typically applies to the self-weight of the structure or the ground,
including self-weight from different materials, as well as for water pressures acting on opposite sides of a
structure with flow passing around or underneath.

(4) Climatic actions that act on different parts of a structure may be considered to come from a single-
source.
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6.1.2 Representative values of actions

6.1.2.1 General

(1) The principal representative value of an action F,, should be its characteristic value Fy.

NOTE1 Representative values are not defined for accidental and seismic actions, nor for bearing forces.
NOTE 2  For the definition of design values, see Clause 8.

(2) For variable actions (see 6.1.2.3) and actions inducing fatigue (see 6.1.3.3), other representative
values may be chosen, depending on the limit state being verified.

(3) The characteristic value of an action shall be chosen according to the methods given in EN 1991
(all parts), the relevant part of EN 1997 and EN 1998 (all parts).

NOTE The characteristic value of an action F} can be:

— amean value; or

— anupper or lower value; or
— anominal value.

6.1.2.2 Permanent actions

(1) The representative value Grep of a permanent action G shall be taken as its characteristic value Gy.

(2) Provided its coefficient of variation is small, a permanent action G should be represented by a
single characteristic value Gy.

(3) For most structural members, the coefficient of variation of ¢ may be considered small if:

— itis not greater than 5 %, when verifying limit states involving loss of static equilibrium or uplift;
or

— itis not greater than 10 %, otherwise.

NOTE For the assessment of the coefficient of variation of permanent actions from the ground, see the
relevant part of EN 1997.

(4) If a single characteristic value of Gy is used, then its value may be taken as the mean value of G.

(5) If the uncertainty in G is not small, or if the structure is sensitive to variations in its value or spatial
distribution, then the permanent action G should be represented by upper and lower characteristic
values Gy g, and Gy i respectively.

NOTE Permanent actions are usually assumed to be normally distributed.

(6) For materials other than the ground, the upper (or "superior") characteristic value Gisup should be
selected as the 95 % fractile and the lower (or "inferior") characteristic value Gy ;¢ as the 5 % fractile
of the statistical distribution of G.

NOTE 1  For the ground, see the relevant part of EN 1997 for the specification of Gk,sup and Gy jp

NOTE 2  For the specification of permanent water actions, see 6.1.3.2.
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6.1.2.3 Variable actions

(1) The representative value Q¢, of a variable action @ shall be taken as one of the following,
depending on the limit state being verified:

— its characteristic value Q) ; or

— its combination value Q. ; OT
— its frequent value Qg ; OF

— its quasi-permanent value Qgpe-

(2) The characteristic value of a variable action Q) shall correspond to one of the following:

— an upper value with an intended probability of not being exceeded during a specific reference
period; or

— alower value with an intended probability of being exceeded during a specific reference period; or
— when the statistical distribution of Q is not known, a nominal value.
NOTE1 Upper and lower values and nominal values are given in the various parts of EN 1991.

NOTE 2  The characteristic value of a variable climatic action is based upon a 2 % probability that its time-
varying part is exceeded during a one-year reference period. This is equivalent to a mean return period of
50 years. For other actions than climatic actions another fractile and/or return period can be more appropriate.

NOTE 3  For actions from waves and currents on coastal structures, see Clause A.6.

NOTE 4  All coefficients or models, to derive characteristic values of variable actions are chosen so that the
annual probability of exceedance of the calculated characteristic value does not exceed the annual probability of
exceedance of the time-varying part of the variable action.

(3) The combination, frequent and quasi-permanent values should be determined by multiplying the
characteristic values Q) by combination factors 1, {1 and i, as given in Formulae (6.1) to (6.3):

Qcornb :WOQk (61)
ereq :l/ll Qk (62)
Opper =¥ 9, (6.3)

NOTE1  The values of b, 1, and i, are given in Annex A.

NOTE 2  The characteristic value and combination value are used in the verification of ultimate limit states
and irreversible serviceability limit states.

NOTE3  The frequent value is used in the verification of ultimate limit states involving accidental actions and
in the verification of reversible serviceability limit states. For buildings, the frequent value is chosen so that the
fraction of time it is exceeded is 1 %. For road traffic loads on bridges, the frequent values are assessed on the
basis of a return period of one week.

NOTE 4  The quasi-permanent value is used in the verification of ultimate limit states involving accidental or
seismic actions; in the verification of reversible serviceability limit states; and in the calculation of long-term
effects. The quasi-permanent value is chosen so that the fraction of time it is exceeded is 50 %. It can
alternatively be determined as the value averaged over a chosen period of time.
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(4) For some specific types of actions, particularly water actions, representative values may be defined
directly, without the use of combination factors.

NOTE For the specification of variable water actions, see 6.1.3.2.
6.1.3 Specific types of action
6.1.3.1 Prestressing

(1) Prestressing forces P that are caused by the controlled application of forces (prestressing) or
deformations (prestrain) to a structure or to a tension component should be classified as permanent
actions.

NOTE Prestressing forces acting on a structure or on a tension component can arise from prestressing
tendons, imposed deformations at supports, prestrain applied to tension components, etc.

(2) A prestressing force P should be represented by its upper or lower characteristic value, Py g, or
Py inf respectively.

(3) For ultimate limit states, if allowed by the other Eurocodes, a prestressing force P may be
represented by a single characteristic value Py.

6.1.3.2 Water actions

(1) Actions that arise from water should be classified as permanent, variable, or accidental.

NOTE 6.1.3.2 is not applicable to water actions induced by currents and waves and to actions for hydraulic
structures with fast-flowing water, e.g. in rivers. For actions for coastal structures induced by currents and
waves, see Annex A and EN 1991-1-8.

(2) When a water action is classified as permanent, as defined in 6.1.2.2, its representative value G, ¢,

should be selected as either:

— asingle characteristic value G, taken as the mean value of G,,; or

— the more onerous of its characteristic upper and lower values G or Gk inf; OF

wk,sup
— anominal value.

NOTE Further information can be found in Annex A, EN 1991 (all parts) and the relevant part of EN 1997.
(3) When a water action is classified as variable, it should be represented by two components:

— apermanent component G, .., taken as the mean of G,,;

— avariable component Q,, ¢, equal to the representative value of the variation in water action.

(4) The representative value @, ¢, should be selected in line with the definitions of characteristic,
frequent and quasi-permanent values in 6.1.2.3(1).

NOTE1  The value of Q,, is based on a 2 % probability that it is exceeded during a one-year reference period,
unless the National Annex gives a different value.

NOTE2  The value of @y f.cq is chosen so that the fraction of time it is exceeded is 1 %, unless the National
Annex gives a different value.
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NOTE3  The value of QW_qper
Annex gives a different value.

is chosen so that the fraction of time it is exceeded is 50 %, unless the National

NOTE4  For seismic verifications involving water actions, see EN 1998-5.

(5) The values of @ and Qy, omp May alternatively be determined taking account of any physical
limitations that affect the actions.

NOTE Physical limitation can include, for example, the top of a retaining wall or the presence of drains.

(6) When a water action is classified as accidental, it should be represented by a single value A, ¢,

equal to the representative value of the water action.

NOTE The value of A, .., is based on a 0,1 % probability that it is exceeded during a one-year reference

period, unless the National Annex gives a different value.

6.1.3.3 Fatigue actions

(1) Models for fatigue actions shall be defined considering the magnitude and the number of
repetitions of the actions during the design service life.

NOTE The action repetitions relevant for fatigue depend on the type of structure and the type of material.
(2) When relevant, interaction between the action and the structure shall be taken into account, either
in the action or in the effect of action.

(3) The models for fatigue actions in EN 1991 (all parts) may be used for the description of fatigue
actions.

NOTE The models for fatigue actions in EN 1991 (all parts) include the dynamic action effect, either:
— implicitly for those models for which this is specified in EN 1991 (all parts); or
— explicitly by applying dynamic amplification factors to fatigue actions.

(4) For structures outside the field of application of the models given in EN 1991 (all parts), fatigue
actions should be defined from the evaluation of measurements or ad hoc studies devoted to
determine the effect of action and the number of cycles.

(5) Stress ranges due to fatigue should be derived by an appropriate cycle counting method.

(6) Stress ranges due to fatigue may be derived either by the rain-flow counting method or the
reservoir counting method.

NOTE For further guidance, see Annex F.

(7) When fatigue damage depends on the mean stress of the cycle, the assessment procedure should
be consistent with this dependency.

6.1.4 Environmental influences

(1) The environmental influences that could affect the durability of the structure should be considered
in the choice of structural materials, their specification, the structural concept, and detailed design.

NOTE The other Eurocodes give relevant measures for considering environmental influences.
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6.2 Material and product properties

(1) Properties of materials and products should be represented by characteristic values.

NOTE Materials in this sub-clause include the ground.

(2) Unless otherwise stated in the Eurocodes, when the verification of a limit state is sensitive to the
variability of a material property, its characteristic value should be defined as:

— the 5 % fractile value where a low value of material or product property is unfavourable; or
— the 95 % fractile value where a high value of material or product property is unfavourable.
NOTE For the specification of characteristic values of ground properties, see the relevant part of EN 1997.

(3) When the verification of a limit state is insensitive to the variability of a material property, its
characteristic value should be defined as the mean value, unless otherwise stated in the other
Eurocodes.

(4) Material properties should be determined from standard tests performed under specified
conditions.

(5) A conversion factor should be applied when it is necessary to convert test results into values that
represent the behaviour of the material or product in the structure or ground, or when a material
property is sensitive to the duration of the effects of actions.

NOTE 1 For values of the conversion factor, see the other Eurocodes.
NOTE 2  Further guidance is given in Annex D.
(6) When available statistical data is considered insufficient to establish the characteristic value of a

material or product property, the characteristic value may be taken as a nominal value.

(7) When material or product properties are not specified in the Eurocodes, or when nominal values
are selected, their values should be chosen to achieve a level of structural reliability no less than that
specified in the Eurocodes.

NOTE For guidance on structural reliability, see Annex C.
6.3 Geometrical properties
(1) Unless the design of the structure is sensitive to deviations of a geometrical property, that property

should be represented by its nominal value.

(2) If the design of the structure is sensitive to deviations of a geometrical property, corresponding
geometrical imperfections defined in the other Eurocodes should be taken into account.

(3) When there is sufficient data, the characteristic value of a geometrical property may be determined
from its statistical distribution and used instead of a nominal value.

(4) The effect of degradation on geometrical properties (e.g. due to corrosion) should be taken into
account.

(5) For geotechnical design, geometrical properties that affect the mechanical behaviour of the ground
should be considered when determining ground properties, in accordance with the relevant part of
EN 1997.

EXAMPLE The spacing and orientation of discontinuities are taken into account when selecting the
characteristic material properties of rock.
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7 Structural analysis and design assisted by testing

7.1 Structural modelling

7.1.1 General
(1) Calculations shall be carried out using appropriate structural and geotechnical models involving
relevant variables and relevant boundary conditions.

NOTE 1  Such calculations can be used to model potential failure modes, predict ultimate capacity, or model
deformations and vibrations (provided the results can be verified with satisfactory accuracy).

NOTE 2  For geotechnical analysis, see EN 1997-1.
(2) Structural and geotechnical models shall be based on well-founded engineering theory and

practice.

(3) Structural models should be validated to establish whether the model reproduces the physical
phenomena to be investigated with an acceptable level of accuracy.

NOTE Depending on the physical phenomena being investigated, validation tests can include basic material
tests, physical reference tests and/or comparisons with other structural models that have been already
validated.

7.1.2 Static actions
(1) The modelling of static actions shall be based on an appropriate choice of the force-deformation

relationships of the members and their connections and between members and the ground.

(2) Effects of displacements and deformations shall be taken into account in ultimate limit state
verifications if they result in a significant increase of the effects of actions.

NOTE Particular methods for dealing with effects of deformations are given in the other Eurocodes.

(3) Indirect actions should be introduced into the analysis as follows:

— in linear elastic analysis, directly or as equivalent forces (using appropriate modular ratios where
relevant); or

— in non-linear analysis, directly as imposed deformations.

7.1.3 Dynamic actions

(1) When time-dependent actions cause significant acceleration of the structure, a dynamic structural
analysis of the system should be performed.

NOTE1  Guidance on the need for dynamic structural analysis is given in EN 1991 (all parts).

NOTE 2  For seismic actions, see EN 1998 (all parts).

(2) Dynamic actions or effects of actions may be expressed by time histories or content in the
frequency domain.

(3) Where relevant, effects of actions may be determined by a modal analysis.

(4) For structures that have regular geometry, stiffness, and mass distribution, an explicit modal
analysis may be replaced by an analysis with equivalent static actions provided.

NOTE Examples of relevant effects of actions are wind induced vibrations or seismic action effects.
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(5) When it is appropriate to consider a dynamic action as quasi-static, its dynamic part may be
considered either by including it in the quasi-static value of the action or by applying an equivalent
dynamic amplification factor to the quasi-static action.

NOTE1  Quasi-static actions are defined in EN 1991 (all parts).
NOTE 2  For limitations to verifications by the partial factor method, see 8.2.

7.1.4 Actions inducing fatigue

(1) The structural models used with fatigue actions should allow for fatigue action effects to be
determined taking into account relevant material specific aspects.

NOTE Relevant material specific aspects are defined by the other Eurocodes and can be for example:
— mean stress effects;

— load sequence effects;

— stress state.

7.1.5 Fire design

(1) Structural fire design analysis shall be based on design fire scenarios and shall consider models for
the temperature evolution within the structure as well as models for the mechanical behaviour of the
structure exposed to fire.

NOTE For guidance on selecting design fire scenarios, see EN 1991-1-2.

(2) The behaviour of a structure exposed to fire shall be assessed by taking into account the
accompanying actions and either:

— nominal fire exposure; or
— physically-based fire exposure.

(3) The required performance of a structure exposed to fire should be verified by either:

— global analysis; or

— analysis of parts of the structure; or

— member analysis by means of one or more of the following design methods:
— tabulated design data;
— simplified design methods;
— advanced design methods.

(4) As an alternative to design by calculation, fire resistance assessment may be based on the results of
fire tests or on fire tests in combination with calculations.

(5) In case of design by calculation, the behaviour of the structure exposed to fire shall be assessed
according to relevant clauses in the other Eurocodes concerning thermal and mechanical models for
analysis.

(6) The mechanical models of the structure exposed to fire should take account of both temperature-
dependent mechanical properties and non-linear behaviour, where relevant.
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(7) With physically-based fire exposure, the behaviour of the structure should be assessed for the
duration of the fire exposure Tf;.

NOTE The value of Ty, is the full duration of the fire (including the cooling phase), unless the National Annex
or national regulations give a different value.

7.2 Structural analysis

7.2.1 Linear analysis

(1) Linear analysis may be used when the relation between stresses and strains is linear and
deformations do not influence the equilibrium of the structure.

NOTE The law of superposition is valid for linear analysis.

(2) Linear analysis may also be used as a simplification of real behaviour of the structure, in
accordance with the other Eurocodes.

7.2.2 Non-linear analysis

(1) Non-linear analysis should be used when the behaviour of the structure or members has a

significant influence on forces in and deformations of the structure.

NOTE The law of superposition is not valid for non-linear analysis.

(2) Non-linear analysis should take into account the relevant type of non-linearity.

NOTE Non-linearity can occur in loading (contact non-linearity), material behaviour (material non-
linearity), and geometry (geometric non-linearity) or non-linearity of the limit state function.

(3) Numerical models that describe material properties and their interaction should capture all

significant and relevant aspects of mechanical behaviour for the specific problem being considered.

(4) Non-linear numerical models should be validated, to establish whether the numerical model
correctly reproduces the necessary physical phenomena.

NOTE Depending on the physical phenomena being investigated, validation can include basic material tests,
physical reference tests, and mesh sensitivity tests.

(5) A sensitivity study should be carried out when a non-linear limit state function is used or, when no
explicit limit state function is given, to determine the most sensitive input parameter and how to apply
the partial factors given in the Eurocodes.

7.3 Design assisted by testing

(1) Physical testing may be used to determine parameters for use in design.

(2) Testing may be used to determine the performance of a structure or structural member as
specified by the relevant authority or, where not specified, as agreed for a specific project by the
relevant parties.

NOTE Physical testing is carried out, for example, in the following circumstances:
— ifadequate calculation models are not available;

— to confirm by control checks assumptions made in the design;

— to determine the fatigue resistance;

— to determine shape factors for snow load;
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