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National foreword

This British Standard is the UK implementation of EN 1998-1:2004+A1:2013,
incorporating corrigendum July 2009. It supersedes BS EN 1998-1:2004, which
is withdrawn.

The start and finish of text introduced or altered by corrigendum is indicated
in the text by tags. Text altered by CEN corrigendum July 2009 is indicated in
the text by @l

The start and finish of text introduced or altered by amendment is indicated
in the text by tags. Tags indicating changes to CEN text carry the number of
the CEN amendment. For example, text altered by CEN amendment Al is
indicated by .

The UK participation in its preparation was entrusted by Technical Committee
B/525, Building and civil engineering structures, to Subcommittee B/525/8,
Structures in seismic regions.

A list of organizations represented on this subcommittee can be obtained on
request to its secretary.

Where a normative part of this EN allows for a choice to be made at the
national level, the range and possible choice will be given in the normative
text, and a note will qualify it as a Nationally Determined Parameter (NDP).
NDPs can be a specific value for a factor, a specific level or class, a particular
method or a particular application rule if several are proposed in the EN. To
enable BS EN 1998-1:2004+A1:2013 to be used in the UK, the latest version
of the NA to this Standard containing these NDPs should also be used. At the
time of publication, it 1s NA to BS EN 1998-1:2004.

There are generally no requirements in the UK to consider seismic loading,
and the whole of the UK may be considered an area of very low seismicity

in which the provisions of EN 1998 need not apply. However, certain types
of structure, by reason of their function, location or form, may warrant an
explicit consideration of seismic actions. Background information on the
circumstances in which this might apply in the UK has been published in the
BSI document .

The publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

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

Amendments/corrigenda issued since publication

Date Comments

28 February 2010 Implementation of CEN corrigendum July 2009
31 January 2011 Correction to title of Table 7.3

31 May 2013 Implementation of CEN amendment A1:2013

31 May 2013 Implementation of CEN correction notice 27 March 2013:
Date of withdrawal of conflicting national standards

corrected in EN Foreword to amendment A1l
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Foreword

This European Standard EN 1998-1, Eurocode 8: Design of structures for earthquake
resistance: General rules, seismic actions and rules for buildings, 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.

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 June 2005, and
conflicting national standards shall be withdrawn at latest by March 2010.

This document supersedes ENV 1998-1-1:1994, ENV 1998-1-2:1994 and ENV 1998-1-
3:1995.

According to the CEN-CENELEC Internal Regulations, the National Standard
Organisations of the following countries are bound to implement this European
Standard: Austria, Belgium, Cyprus, Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain,
Sweden, Switzerland and United Kingdom.

Background of the Eurocode programme

In 1975, the Commission of the European Community decided on an action programme
in the field of construction, based on article 95 of the Treaty. The objective of the
programme was the elimination of technical obstacles to trade and the harmonisation of
technical specifications.

Within this action programme, the Commission took the initiative to establish a set of
harmonised technical rules for the design of construction works which, in a first stage,
would serve as an alternative to the national rules in force in the Member States and,
ultimately, would replace them.

For fifteen years, the Commission, with the help of a Steering Committee with
Representatives of Member States, conducted the development of the Eurocodes
programme, which led to the first generation of European codes in the 1980’s.

In 1989, the Commission and the Member States of the EU and EFTA decided, on the
basis of an agreement' between the Commission and CEN, to transfer the preparation
and the publication of the Eurocodes to CEN through a series of Mandates, in order to
provide them with a future status of European Standard (EN). This links de facto the
Eurocodes with the provisions of all the Council’s Directives and/or Commission’s
Decisions dealing with European standards (e.g. the Council Directive 89/106/EEC on
construction products - CPD - and Council Directives 93/37/EEC, 92/50/EEC and
89/440/EEC on public works and services and equivalent EFTA Directives initiated in
pursuit of setting up the internal market).

! Agreement between the Commission of the European Communities and the European Committee for Standardisation (CEN)
concerning the work on EUROCODES for the design of building and civil engineering works (BC/CEN/03/89).
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The Structural Eurocode programme comprises the following standards generally
consisting of a number of Parts:

EN 1990 Eurocode: Basis of structural design

EN 1991 Eurocode 1: Actions on structures

EN 1992 Eurocode 2: Design of concrete structures

EN 1993 Eurocode 3: Design of steel structures

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

EN 1996 Eurocode 6: Design of masonry structures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures for earthquake resistance

EN 1999 Eurocode 9: Design of aluminium structures

Eurocode standards recognise the responsibility of regulatory authorities in each
Member State and have safeguarded their right to determine values related to regulatory
safety matters at national level where these continue to vary from State to State.

Status and field of application of Eurocodes

The Member States of the EU and EFTA recognise that Eurocodes serve as reference
documents for the following purposes:

- as a means to prove compliance of building and civil engineering works with the
essential requirements of Council Directive 89/106/EEC, particularly Essential
Requirement N°1 - Mechanical resistance and stability - and Essential Requirement
N°2 - Safety in case of fire;

- as a basis for specifying contracts for construction works and related engineering
services;

- as a framework for drawing up harmonised technical specifications for construction
products (ENs and ETAs)

The Eurocodes, as far as they concern the construction works themselves, have a direct
relationship with the Interpretative Documents” referred to in Article 12 of the CPD,
although they are of a different nature from harmonised product standards’. Therefore,
technical aspects arising from the Eurocodes work need to be adequately considered by

2 According to Art. 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative documents for
the creation of the necessary links between the essential requirements and the mandates for hENs and ETAGs/ETAs.

* According to Art. 12 of the CPD the interpretative documents shall :

a)give concrete form to the essential requirements by harmonising the terminology and the technical bases and indicating classes or
levels for each requirement where necessary ;

b)indicate methods of correlating these classes or levels of requirement with the technical specifications, e.g. methods of calculation
and of proof, technical rules for project design, etc. ;

c)serve as a reference for the establishment of harmonised standards and guidelines for European technical approvals.

The Eurocodes, de facto, play a similar role in the field of the ER 1 and a part of ER 2.
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CEN Technical Committees and/or EOTA Working Groups working on product
standards with a view to achieving a full compatibility of these technical specifications
with the Eurocodes.

The Eurocode standards provide common structural design rules for everyday use for
the design of whole structures and component products of both a traditional and an
innovative nature. Unusual forms of construction or design conditions are not
specifically covered and additional expert consideration will be required by the designer
in such cases.

National Standards implementing Eurocodes

The National Standards implementing Eurocodes will comprise the full text of the
Eurocode (including any annexes), as published by CEN, which may be preceded by a
National title page and National foreword, [AC1)and may be followed by a National
annex .

The National annex may only contain information on those parameters which are left
open in the Eurocode for national choice, known as Nationally Determined Parameters,
to be used for the design of buildings and civil engineering works to be constructed in
the country concerned, i.e. :

— values and/or classes where alternatives are given in the Eurocode,
— values to be used where a symbol only is given in the Eurocode,
— country specific data (geographical, climatic, etc.), e.g. snow map,

— the procedure to be used where alternative procedures are given in the Eurocode.

It may also contain
— decisions on the application of informative annexes,

— references to non-contradictory complementary information to assist the user to
apply the Eurocode.

Links between Eurocodes and harmonised technical specifications (ENs and ETAs)
for products

There is a need for consistency between the harmonised technical specifications for
construction products and the technical rules for works®. Furthermore, all the
information accompanying the CE Marking of the construction products which refer to
Eurocodes shall clearly mention which Nationally Determined Parameters have been
taken into account.

Additional information specific to EN 1998-1

The scope of EN 1998 is defined in 1.1.1 and the scope of this Part of EN 1998 is
defined in 1.1.2. Additional Parts of EN 1998 are listed in 1.1.3.

4 See Art.3.3 and Art.12 of the CPD, as well as clauses 4.2, 4.3.1,4.3.2 and 5.2 of ID 1.
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EN 1998-1 was developed from the merger of ENV 1998-1-1:1994, ENV 1998-1-
2:1994 and ENV 1998-1-3:1995. As mentioned in 1.1.1, attention must be paid to the
fact that for the design of structures in seismic regions the provisions of EN 1998 are to
be applied in addition to the provisions of the other relevant EN 1990 to EN 1997 and
EN 1999.

One fundamental issue in EN 1998-1 is the definition of the seismic action. Given the
wide difference of seismic hazard and seismo-genetic characteristics in the various
member countries, the seismic action is herein defined in general terms. The definition
allows various Nationally Determined Parameters (NDP) which should be confirmed or
modified in the National Annexes.

It is however considered that, by the use of a common basic model for the
representation of the seismic action, an important step is taken in EN 1998-1 in terms of
Code harmonisation.

EN 1998-1 contains in its section related to masonry buildings specific provisions
which simplify the design of "simple masonry buildings”.

National annex for EN 1998-1

This standard gives alternative procedures, values and recommendations for classes
with notes indicating where national choices may be made. Therefore the National
Standard implementing EN 1998-1 should have a National Annex containing all
Nationally Determined Parameters to be used for the design of buildings and civil
engineering works to be constructed in the relevant country.

National choice is allowed in EN 1998-1:2004 through clauses:

Reference Item
1.1.2(7) Informative Annexes A and B.
2.1(1H)P Reference return period 7xcr of seismic action for the no-collapse

requirement (or, equivalently, reference probability of exceedance
in 50 ycars, PNCR)~

2.1(1)P Reference return period 7prr of seismic action for the damage
limitation requirement. (or, equivalently, reference probability of
exceedance in 10 years, PprR).

3.1.1(4) Conditions under which ground investigations additional to those
necessary for design for non-seismic actions may be omitted and
default ground classification may be used.

3.1.2(1) Ground classification scheme accounting for deep geology,
including values of parameters S, T, Tc and Tp defining horizontal
and vertical elastic response spectra in accordance with 3.2.2.2 and
3.2.2.3.

3.2.1(1), (2),(3) | Seismic zone maps and reference ground accelerations therein.

3.2.14) Governing parameter (identification and value) for threshold of
low seismicity .
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[XD)3.2.1(5)P

Governing parameter (identification and value) for threshold of
very low seismicity .

3.2.2.1(4), Parameters S, Tp, T¢, Tp defining shape of horizontal elastic
[Ac1)3.2.2.2(2)P(Ac1] response spectra.

3.2.2.3(1)P Parameters ay, T8, Tc, Tp defining shape of vertical elastic
response spectra.

3.2.2.5(4)P Lower bound factor on design spectral values.

4.2.3.2(8) Reference to definitions of centre of stiffness and of torsional
radius in multi-storey buildings meeting or not conditions (a) and
(b) 0f 4.2.3.2(8)

4.2.42)pP Values of ¢ for buildings.

4.2.5(5)P Importance factor y for buildings.

43.3.1(4) Decision on whether nonlinear methods of analysis may be applied
for the design of non-base-isolated buildings. Reference to
information on member deformation capacities and the associated
partial factors for the Ultimate Limit State for design or evaluation
on the basis of nonlinear analysis methods.

4.3.3.1 (8) Threshold value of importance factor, y, relating to the permitted
use of analysis with two planar models.

4425 (2). [Ac) Overstrength factor y4 for diaphragms.

4432 (2) Reduction factor v for displacements at damage limitation limit

state

[K1)5.2.1(5)P

Geographical limitations on use of ductility classes for concrete
buildings.

5.2.2.2(10) go-value for concrete buildings subjected to special Quality System
Plan.

[Ac1)5.2.4(3) (A1l | Material partial factors for concrete buildings in the seismic design
situation.

5.4.3.5.2(1) Minimum web reinforcement of large lightly reinforced concrete
walls

5.8.2(3) Minimum cross-sectional dimensions of concrete foundation
beams.

5.8.2(4) Minimum thickness and reinforcement ratio of concrete foundation
slabs.

5.8.2(5) Minimum reinforcement ratio of concrete foundation beams.

5.11.1.3.2(3) Ductility class of precast wall panel systems.

5.11.1.4 [Ac1) Reduction factors &, of behavior factors of precast systems.(AC1]

5.11.1.5(2) Seismic action during erection of precast structures.

5.11.3.4(7)e Minimum longitudinal steel in grouted connections of large panel
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walls.

[Fc1)6.1.2(1)P (]

Upper limit of g for low-dissipative structural behaviour concept;
limitations on structural behaviour concept; geographical
limitations on use of ductility classes for steel buildings.

6.1.3(1) Material partial factors for steel buildings in the seismic design
situation.

6.2(3) Overstrength factor for capacity design of steel buildings.

6.2 (7) Information as to how [AC))EN 1993-1-10:2005 (A¢1] may be used in
the seismic design situation

6.5.5(7) Reference to complementary rules on acceptable connection design

6.7.4(2) Residual post-buckling resistance of compression diagonals in steel

frames with V-bracings.

[0)7.1.2(1)PEedd

Upper limit of g for low-dissipative structural behaviour concept;
limitations on structural behaviour concept; geographical
limitations on use of ductility classes for composite steel-concrete
buildings.

7.1.3(1), (3)

Material partial factors for composite steel-concrete buildings in
the seismic design situation.

7.1.3(4) Overstrength factor for capacity design of composite steel-concrete
buildings

7.7.2(4) Stiffness reduction factor for concrete part of a composite steel-
concrete column section

[~08.3(1)P{c1] | Ductility class for timber buildings.

9.2.1(1) Type of masonry units with sufficient robustness.

9.2.2(1) Minimum strength of masonry units.

9.2.3(1) Minimum strength of mortar in masonry buildings.

9.2.4(1) Alternative classes for perpend joints in masonry

9.3(2) Conditions for use of unreinforced masonry satisfying provisions
of EN 1996 alone.

9.3(2) Minimum effective thickness of unreinforced masonry walls
satisfying provisions of EN 1996 alone.

9.3(3) Maximum value of ground acceleration for the use of unreinforced

masonry satisfying provisions of EN. 1998-1

9.3(4), Table 9.1

g-factor values in masonry buildings.

9.3(4), Table 9.1

g-factors for buildings with masonry systems which provide
enhanced ductility.

9.5.1(5)

Geometric requirements for masonry shear walls.

9.6(3)

Material partial factors in masonry buildings in the seismic design
situation.
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9.7.2(1) Maximum number of storeys and minimum area of shear walls of
“simple masonry building”.

9.7.2(2)b Minimum aspect ratio in plan of “simple masonry buildings”.

9.7.2(2)c Maximum floor area of recesses in plan for “simple masonry
buildings”.

9.7.2(5) Maximum difference in mass and wall area between adjacent
storeys of “simple masonry buildings”.

10.3(2)P Magnification factor on seismic displacements for isolation
devices.

Foreword to amendment A1

This document (EN 1998-1:2004/A1:2013) has been prepared by Technical Committee
CEN/TC 250 “Structural Eurocodes”, the secretariat of which is held by BSI.

This European Standard Amendment shall be given the status of a national standard, either by
publication of an identical text or by endorsement, at the latest by February 2014, and conflicting
national standards shall be withdrawn at the latest by February 2014.

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

According to the CEN/CENELEC Internal Regulations, the national standards organisations of the
following countries are bound to implement this European Standard Amendment: Austria, Belgium,
Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic
of Macedonia, France, Germany, Greece, Hungary, Iceland, Ireland, ltaly, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland, Turkey and the United Kingdom.
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1 GENERAL

1.1 Scope
1.1.1 Scope of EN 1998

()P EN 1998 applies to the design and construction of buildings and civil
engineering works in seismic regions. Its purpose is to ensure that in the event of
earthquakes:

— human lives are protected;
— damage is limited; and
— structures important for civil protection remain operational.

NOTE The random nature of the seismic events and the limited resources available to counter
their effects are such as to make the attainment of these goals only partially possible and only
measurable in probabilistic terms. The extent of the protection that can be provided to different
categories of buildings, which is only measurable in probabilistic terms, is a matter of optimal
allocation of resources and is therefore expected to vary from country to country, depending on
the relative importance of the seismic risk with respect to risks of other origin and on the global
economic resources.

(2)P  Special structures, such as nuclear power plants, offshore structures and large
dams, are beyond the scope of EN 1998.

(3)P  EN 1998 contains only those provisions that, in addition to the provisions of the
other relevant Eurocodes, must be observed for the design of structures in seismic
regions. It complements in this respect the other Eurocodes.

4) EN 1998 is subdivided into various separate Parts (see 1.1.2 and 1.1.3).
1.1.2  Scope of EN 1998-1

(1) EN 1998-1 applies to the design of buildings and civil engineering works in
seismic regions. It is subdivided in 10 Sections, some of which are specifically devoted
to the design of buildings.

(2) Section 2 of EN 1998-1 contains the basic performance requirements and
compliance criteria applicable to buildings and civil engineering works in seismic
regions.

3) Section 3 of EN 1998-1 gives the rules for the representation of seismic actions
and for their combination with other actions. Certain types of structures, dealt with in
EN 1998-2 to EN 1998-6, need complementing rules which are given in those Parts.

4) Section 4 of EN 1998-1 contains general design rules relevant specifically to
buildings.

(5) Sections 5 to 9 of EN 1998-1 contain specific rules for various structural
materials and elements, relevant specifically to buildings as follows:
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— Section 5: Specific rules for concrete buildings;

— Section 6: Specific rules for steel buildings;

— Section 7: Specific rules for composite steel-concrete buildings;
— Section 8: Specific rules for timber buildings;

— Section 9: Specific rules for masonry buildings.

(6) Section 10 contains the fundamental requirements and other relevant aspects of
design and safety related to base isolation of structures and specifically to base isolation
of buildings.

NOTE Specific rules for isolation of bridges are developed in EN 1998-2.

(7) Annex C contains additional elements related to the design of slab reinforcement
in steel-concrete composite beams at beam-column joints of moment frames.

NOTE Informative Annex A and informative Annex B contain additional elements related to the
elastic displacement response spectrum and to target displacement for pushover analysis.

1.1.3 Further Parts of EN 1998

(1)P  Further Parts of EN 1998 include, in addition to EN 1998-1, the following:
— EN 1998-2 contains specific provisions relevant to bridges;

— EN 1998-3 contains provisions for the seismic assessment and retrofitting of
existing buildings;

— EN 1998-4 contains specific provisions relevant to silos, tanks and pipelines;

— EN 1998-5 contains specific provisions relevant to foundations, retaining structures
and geotechnical aspects;

— EN 1998-6 contains specific provisions relevant to towers, masts and chimneys.
1.2 Normative References

(1)P  This European Standard incorporates by dated or undated reference, provisions
from other publications. These normative references are cited at the appropriate places
in the text and the publications are listed hereafter. For dated references, subsequent
amendments to or revisions of any of these publications apply to this European Standard
only when incorporated in it by amendment or revision. For undated references the
latest edition of the publication referred to applies (including amendments).

1.2.1 General reference standards
EN 1990 Eurocode - Basis of structural design

EN 1992-1-1 Eurocode 2 — Design of concrete structures — Part 1-1: General —
Common rules for building and civil engineering structures

EN 1993-1-1 Eurocode 3 — Design of steel structures — Part 1-1: General — General
rules
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EN 1994-1-1 Eurocode 4 — Design of composite steel and concrete structures — Part 1-
1: General — Common rules and rules for buildings

EN 1995-1-1 Eurocode 5 — Design of timber structures — Part 1-1: General — Common
rules and rules for buildings

EN 1996-1-1 Eurocode 6 — Design of masonry structures — Part 1-1: General —Rules
for reinforced and unreinforced masonry

EN 1997-1  Eurocode 7 - Geotechnical design — Part 1: General rules
1.2.2 Reference Codes and Standards

()P For the application of EN 1998, reference shall be made to JAcr) EN 1990 to
EN 1997 and to EN 1999(Ac].

(2) EN 1998 incorporates other normative references cited at the appropriate places
in the text. They are listed below:

ISO 1000 The international system of units (SI) and its application;

[ACHEN 1090-2  Execution of steel structures and aluminium structures — Part 2:
Technical requirements for steel structures;

EN 1993-1-8 Eurocode 3: Design of steel structures — Part 1-8: Design of joints;

EN 1993-1-10 Eurocode 3: Design of steel structures — Part 1-10: Material toughness
and through-thickness properties;

prEN 12512  Timber structures — Test methods — Cyclic testing of joints made with
mechanical fasteners.

1.3 Assumptions

(1) In addition to the general assumptions of EN 1990:2002, 1.3, the following
assumption applies.

(2)P It is assumed that no change in the structure will take place during the
construction phase or during the subsequent life of the structure, unless proper
justification and verification is provided. Due to the specific nature of the seismic
response this applies even in the case of changes that lead to an increase of the structural
resistance.

1.4 Distinction between principles and application rules
(1) The rules of EN 1990:2002, 1.4 apply.

1.5 Terms and definitions

1.5.1 Terms common to all Eurocodes

(1) The terms and definitions given in EN 1990:2002, 1.5 apply.
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1.5.2 Further terms used in EN 1998-1(AC1]
(1) The following terms are used in [AC))EN 1998-1(Ac]with the following meanings:

behaviour factor

factor used for design purposes to reduce the forces obtained from a linear analysis, in
order to account for the non-linear response of a structure, associated with the material,
the structural system and the design procedures

capacity design

design method in which elements of the structural system are chosen and suitably
designed and detailed for energy dissipation under severe deformations while all other
structural elements are provided with sufficient strength so that the chosen means of
energy dissipation can be maintained

dissipative structure
structure which is able to dissipate energy by means of ductile hysteretic behaviour
and/or by other mechanisms

dissipative zones
predetermined parts of a dissipative structure where the dissipative capabilities are
mainly located

NOTE 1 These are also called critical regions.

dynamically independent unit
structure or part of a structure which is directly subjected to the ground motion and
whose response is not affected by the response of adjacent units or structures

importance factor
factor which relates to the consequences of a structural failure

non-dissipative structure
structure designed for a particular seismic design situation without taking into account
the non-linear material behaviour

non-structural element

architectural, mechanical or electrical element, system and component which, whether
due to lack of strength or to the way it is connected to the structure, is not considered in
the seismic design as load carrying element

primary seismic members

members considered as part of the structural system that resists the seismic action,
modelled in the analysis for the seismic design situation and fully designed and detailed
for earthquake resistance in accordance with the rules of EN 1998

secondary seismic members
members which are not considered as part of the seismic action resisting system and
whose strength and stiffness against seismic actions is neglected

NOTE 2 They are not required to comply with all the rules of EN 1998, but are designed and
detailed to maintain support of gravity loads when subjected to the displacements caused by the
seismic design situation.
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1.6 Symbols
1.6.1 General

(1) The symbols indicated in EN 1990:2002, 1.6 apply. For the material-dependent
symbols, as well as for symbols not specifically related to earthquakes, the provisions of
the relevant Eurocodes apply.

(2) Further symbols, used in connection with seismic actions, are defined in the text
where they occur, for ease of use. However, in addition, the most frequently occurring
symbols used in EN 1998-1 are listed and defined in 1.6.2 and 1.6.3.

1.6.2 Further symbols used in Sections 2 and 3 of EN 1998-1

Aga design value of seismic action ( = . Agk)

Agx characteristic value of the seismic action for the reference return period

Eq4 design value of action effects

Ngpr  Standard Penetration Test blow-count

Pner  reference probability of exceedance in 50 years of the reference seismic action
for the no-collapse requirement

0 variable action

Se(T) elastic horizontal ground acceleration response spectrum also called "elastic
response spectrum”. At 7=0, the spectral acceleration given by this spectrum
equals the design ground acceleration on type A ground multiplied by the soil
factor S.

Sve(T) elastic vertical ground acceleration response spectrum
Spe(7T) elastic displacement response spectrum
[AC)S«(T) design spectrum (for elastic analysis).

S soil factor
T vibration period of a linear single degree of freedom system
T duration of the stationary part of the seismic motion

Tncr  reference return period of the reference seismic action for the no-collapse
requirement

agrg  reference peak ground acceleration on type A ground
g design ground acceleration on type A ground
Qyg design ground acceleration in the vertical direction
Cu undrained shear strength of soil
dyg design ground displacement

acceleration of gravity

q behaviour factor

Documents
Documbht Sharing Hub

Full document details: BS EN 1998-1:2004+A1:2013


http://www.avadocuments.com/doc/bs-en-1998-1-2004-a1-2013
http://www.avadocuments.com/doc/bs-en-1998-1-2004-a1-2013

BS EN 1998-1:2004+A1:2013
EN 1998-1:2004+A1:2013 (E)

vs30  average value of propagation velocity of S waves in the upper 30 m of the soil
profile at shear strain of 103 or less
importance factor

n damping correction factor

& viscous damping ratio (in percent)

yw»i  combination coefficient for the quasi-permanent value of a variable action i

wei  combination coefficient for a variable action i, to be used when determining the
effects of the design seismic action

1.6.3 Further symbols used in Section 4 of EN 1998-1

Eg effect of the seismic action

FErax, Exgy design values of the action effects due to the horizontal components (x
and y) of the seismic action

Erg,  design value of the action effects due to the vertical component of the seismic
action

F; horizontal seismic force at storey i

F, horizontal seismic force acting on a non-structural element (appendage)

Fy base shear force

H building height from the foundation or from the top of a rigid basement

Linaxs Liin larger and smaller in plan dimension of the building measured in
orthogonal directions

Ry design value of resistance

Sa seismic coefficient for non-structural elements

Ty fundamental period of vibration of a building

T, fundamental period of vibration of a non-structural element (appendage)

a weight of a non-structural element (appendage)

d displacement

d, design interstorey drift

€a accidental eccentricity of the mass of one storey from its nominal location

h interstorey height

m; mass of storey i

n number of storeys above the foundation or the top of a rigid basement

qa behaviour factor of a non-structural element (appendage)

qd displacement behaviour factor

Si displacement of mass m; in the fundamental mode shape of a building

z height of mass m; above the level of application of the seismic action

a ratio of the design ground acceleration to the acceleration of gravity
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1.6.4

Ash
Asi
Ast
Asy
Asyi

z:Asi

SAq

ZMRp

XM, Re

V kg
Vad
VEd

VEd,max

VEd,min

Via
Vi
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importance factor of a non-structural element (appendage)
overstrength factor for diaphragms

interstorey drift sensitivity coefficient

Further symbols used in Section 5 of EN 1998-1

Area of section of concrete member

total area of horizontal hoops in a beam-column joint

total area of steel bars in each diagonal direction of a coupling beam

area of one leg of the transverse reinforcement

total area of the vertical reinforcement in the web of the wall

total area of column vertical bars between corner bars in one direction through a
joint

total horizontal cross-sectional area of a wall

sum of areas of all inclined bars in both directions, in wall reinforced with
inclined bars against sliding shear

sum of areas of vertical bars of web in a wall, or of additional bars arranged in
the wall boundary elements specifically for resistance against sliding shear

sum of design values of moments of resistance of the beams framing into a joint
in the direction of interest

sum of design values of the moments of resistance of the columns framing into a
joint in the direction of interest

diameter of confined core in a circular column

end moment of a beam or column for the calculation of its capacity design shear
design value of beam moment of resistance at end i

design value of column moment of resistance at end i

axial force from the analysis for the seismic design situation

fundamental period of the building in the horizontal direction of interest

corner period at the upper limit of the constant acceleration region of the elastic
spectrum

shear force in a wall from the analysis for the seismic design situation
dowel resistance of vertical bars in a wall
design shear force in a wall

maximum acting shear force at end section of a beam from capacity design
calculation

minimum acting shear force at end section of a beam from capacity design
calculation

contribution of friction to resistance of a wall against sliding shear

contribution of inclined bars to resistance of a wall against sliding shear
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VRd,c

VRas

22

design value of shear resistance for members without shear reinforcement in
accordance with EN1992-1-1:2004

design value of shear resistance against sliding

width of bottom flange of beam

cross-sectional dimension of column

effective flange width of beam in tension at the face of a supporting column

distance between consecutive bars engaged by a corner of a tie or by a cross-tie
in a column

width of confined core in a column or in the boundary element of a wall (to
centreline of hoops)

thickness of confined parts of a wall section, or width of the web of a beam
thickness of web of a wall

effective depth of section

longitudinal bar diameter

diameter of hoop

design value of concrete compressive strength

mean value of tensile strength of concrete

design value of yield strength of steel

design value of yield strength of the horizontal web reinforcement
design value of yield strength of the vertical web reinforcement
design value of yield strength of the longitudinal reinforcement
design value of yield strength of transverse reinforcement
cross-sectional depth

cross-sectional depth of column in the direction of interest

flange depth

distance between extreme layers of column reinforcement in a beam-column
joint

distance between beam top and bottom reinforcement

depth of confined core in a column (to centreline of hoops)

clear storey height

height of wall or cross-sectional depth of beam

factor reflecting the ductility class in the calculation of the required column
depth for anchorage of beam bars in a joint, equal to 1 for DCH and to 2/3 for
DCM

factor reflecting the prevailing failure mode in structural systems with walls
clear length of a beam or a column

length of critical region

Documents

Document Sharing Hub

Full document details: BS EN 1998-1:2004+A1:2013


http://www.avadocuments.com/doc/bs-en-1998-1-2004-a1-2013
http://www.avadocuments.com/doc/bs-en-1998-1-2004-a1-2013

BS EN 1998-1:2004+A1:2013
EN 1998-1:2004+A1:2013 (E)

l; distance between centrelines of the two sets of inclined bars at the base section
of walls with inclined bars against sliding shear

Ly length of cross-section of wall

n total number of longitudinal bars laterally engaged by hoops or cross ties on
perimeter of column section

9o basic value of the behaviour factor

s spacing of transverse reinforcement

Xu neutral axis depth

z internal lever arm

a confinement effectiveness factor, angle between diagonal bars and axis of a
coupling beam

Q prevailing aspect ratio of walls of the structural system

a multiplier of horizontal design seismic action at formation of first plastic hinge
in the system

o multiplier of horizontal seismic design action at formation of global plastic
mechanism

% partial factor for concrete

ka  model uncertainty factor on design value of resistances in the estimation of
capacity design action effects, accounting for various sources of overstrength

% partial factor for steel

& ultimate strain of unconfined concrete

&uwze ultimate strain of confined concrete

&uk  characteristic value of ultimate elongation of reinforcing steel
&ya  design value of steel strain at yield

n reduction factor on concrete compressive strength due to tensile strains in
transverse direction

¢ ratio, Vedmin/VEdmax, between the minimum and maximum acting shear forces at
the end section of a beam

y7 concrete-to-concrete friction coefficient under cyclic actions
o curvature ductility factor
Us displacement ductility factor

axial force due in the seismic design situation, normalised to A, feq

& normalised neutral axis depth
o, tension reinforcement ratio
p’ compression steel ratio in beams

O.m  Mmean value of concrete normal stress
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Ln reinforcement ratio of horizontal web bars in a wall

o total longitudinal reinforcement ratio

Pmax  Maximum allowed tension steel ratio in the critical region of primary seismic
beams

foX reinforcement ratio of vertical web bars in a wall

Pw shear reinforcement ratio

o, mechanical ratio of vertical web reinforcement

wwq  mechanical volumetric ratio of confining reinforcement

1.6.5 Further symbols used in Section 6 of EN 1998-1

L beam span

Mpgq  design bending moment from the analysis for the seismic design situation
M, raa design value of plastic moment resistance at end A of a member

M, ra design value of plastic moment resistance at end B of a member

Ngqg  design axial force from the analysis for the seismic design situation

Neqr  axial force from the analysis due to the design seismic action alone

Nra axial force due to the non-seismic actions included in the combination of actions
for the seismic design situation

Nyira  design value of yield resistance in tension of the gross cross-section of a member
in accordance with JAC))EN 1993-1-1:2005

Nrda(Mgg,VEq) design value of axial resistance of column or diagonal in accordance with
EN 1993-1-1:2005¢A¢1], taking into account the interaction with the bending
moment Mgy and the shear Vgq4 in the seismic situation

Ry resistance of connection in accordance with [ACDEN 1993-1-1:2005 ¢l

Ry plastic resistance of connected dissipative member based on the design yield
stress of material as defined in [AC))EN 1993-1-1:2005 (Acq].

Vea  design shear force from the analysis for the seismic design situation

Veac shear force due to the non seismic actions included in the combination of actions
for the seismic design situation

Veam shear force due to the application of the plastic moments of resistance at the two
ends of a beam

Voira design value of shear resistance of a member in accordance with [AC)EN 1993-

1-1:2005
Vapea design shear force in web panel due to the design seismic action effects

Vapra design shear resistance of the web panel in accordance with [ACt) EN 1993- 1-1:

2005
e length of seismic link
Iy nominal yield strength of steel

fy.max upper value of the yield strength of steel
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q behaviour factor

tw web thickness of a seismic link

te flange thickness of a seismic link

0 multiplicative factor on axial force Ngqp from the analysis due to the design

seismic action, for the design of the non-dissipative members in concentric or
eccentric braced frames per CI. 6.7.4 and 6.8.3 respectively

o ratio of the smaller design bending moment Mgq A at one end of a seismic link to
the greater bending moments Mgqp at the end where plastic hinge forms, both
moments taken in absolute value

o multiplier of horizontal design seismic action at formation of first plastic hinge
in the system

ay multiplier of horizontal seismic design action at formation of global plastic
mechanism

M partial factor for material property
Yov material overstrength factor

o beam deflection at midspan relative to tangent to beam axis at beam end (see
Figure 6.11)

ob multiplicative factor on design value Nprq of yield resistance in tension of
compression brace in a V bracing, for the estimation of the unbalanced seismic
action effect on the beam to which the bracing is connected

% partial factor for steel

6, rotation capacity of the plastic hinge region

y) non-dimensional slenderness of a member as defined in[ACHEN 1993-1-1:2005¢Ac1]

1.6.6 Further symbols used in Section 7 of EN 1998-1
Api horizontal area of the plate
E, Modulus of Elasticity of steel

E.n  mean value of Modulus of Elasticity of concrete in accordance with EN 1992-1-1:

2004

I, second moment of area of the steel section part of a composite section, with
respect to the centroid of the composite section

I second moment of area of the concrete part of a composite section, with respect
to the centroid of the composite section

Ieq equivalent second moment of area of the composite section

I second moment of area of the rebars in a composite section, with respect to the

centroid of the composite section

M, ra,c design value of plastic moment resistance of column, taken as lower bound and
computed taking into account the concrete component of the section and only
the steel components of the section classified as ductile
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My rap upper bound plastic resistance of beam, computed taking into account the
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concrete component of the section and all the steel components in the section,
including those not classified as ductile

design shear force in web panel, computed on the basis of the plastic resistance
of the adjacent dissipative zones in beams or connections

design shear resistance of the composite steel-concrete web panel in accordance
with EN 1994-1-1:2004

width of the flange

width of composite beam (see Figure 7.3a) or bearing width of the concrete of
the slab on the column (see Figure 7.7).

partial effective width of flange on each side of the steel web
total effective width of concrete flange

width (minimum dimension) of confined concrete core (to centreline of hoops)
diameter of longitudinal rebars

diameter of hoops

design yield strength of steel

design yield strength of steel in the flange

design strength of web reinforcement

depth of composite beam

depth of composite column section

rib shape efficiency factor of profiled steel sheeting

reduction factor of design shear resistance of connectors in accordance with EN
1994-1-1:2004

clear length of column

length of critical region

steel-to-concrete modular ratio for short term actions
behaviour factor

reduction factor on concrete rigidity for the calculation of the stiffness of
composite columns

thickness of flange

partial factor for concrete

partial factor for material property

material overstrength factor

partial factor for steel

total strain of steel at Ultimate Limit State

ultimate compressive strain of unconfined concrete

minimum degree of connection as defined in 6.6.1.2 of EN 1994-1-1:2004
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1.6.7 Further symbols used in Section 8 of EN 1998-1

E, Modulus of Elasticity of timber for instantaneous loading
b width of timber section

d fastener-diameter

h depth of timber beams

kmoa  modification factor for instantaneous loading on strength of timber in
accordance with EN 1995-1-1:2004

q behaviour factor

M partial factor for material properties

1.6.8 Further symbols used in Section 9 of EN 1998-1

agurm upper value of the design ground acceleration at the site for use of unreinforced
masonry satisfying the provisions of Eurocode 8

Amin  total cross-section area of masonry walls required in each horizontal direction
for the rules for “simple masonry buildings” to apply

fomin Normalised compressive strength of masonry units normal to the bed face (A¢1]

[AC)fonmin normalised compressive strength of masonry units parallel to the bed face in
the plane of the wall

fomin  Minimum strength for mortar

h greater clear height of the openings adjacent to the wall
et effective height of the wall

/ length of the wall

n number of storeys above ground

PAmin Minimum sum of horizontal cross-sectional areas of shear walls in each
direction, as percentage of the total floor area per storey

Pmax  percentage of the total floor area above the level
q behaviour factor
tor effective thickness of the wall

Aamax maximum difference in horizontal shear wall cross-sectional area between
adjacent storeys of “simple masonry buildings”

Anmmax maximum difference in mass between adjacent storeys of “simple masonry

buildings”
Yin partial factors for masonry properties
% partial factor for reinforcing steel

Amin  ratio between the length of the small and the length of the long side in plan
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1.6.9 Further symbols used in Section 10 of EN 1998-1

K. effective stiffness of the isolation system in the principal horizontal direction
under consideration, at a displacement equal to the design displacement d.

Kv total stiffness of the isolation system in the vertical direction
Ky effective stiffness of a given unit i in the x direction
Ky effective stiffness of a given unit i in the y direction

Ter  effective fundamental period of the superstructure corresponding to horizontal
translation, the superstructure assumed as a rigid body

Tt fundamental period of the superstructure assumed fixed at the base

Ty fundamental period of the superstructure in the vertical direction, the
superstructure assumed as a rigid body

M mass of the superstructure

M magnitude

dgc design displacement of the effective stiffness centre in the direction considered
dav total design displacement of an isolator unit

ety total eccentricity in the y direction

fi horizontal forces at each level j

ry torsional radius of the isolation system

(xi,vi) co-ordinates of the isolator unit 7 relative to the effective stiffness centre

o amplification factor

Er “effective damping”
1.7 S.I Units
(1)P  S.I. Units in accordance with ISO 1000 shall be used.

(2) For calculations, the following units are recommended:

— forces and loads: kN, kN/m, kN/m?

— unit mass: kg/m3 , XD tonne/m’ @]
—  mass: kg, [AC1)tonne

— unit weight: kN/m’

— stresses and strengths: ~ N/mm?* (= MN/m? or MPa), kN/m” (=kPa)
— moments (bending, etc): kNm

— acceleration: m/s’, g (=9,81 m/s?)
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2 PERFORMANCE REQUIREMENTS AND COMPLIANCE CRITERIA

2.1 Fundamental requirements

(1)P  Structures in seismic regions shall be designed and constructed in such a way
that the following requirements are met, each with an adequate degree of reliability.

— No-collapse requirement.

The structure shall be designed and constructed to withstand the design seismic
action defined in Section 3 without local or global collapse, thus retaining its
structural integrity and a residual load bearing capacity after the seismic events.
The design seismic action is expressed in terms of: a) the reference seismic action
associated with a reference probability of exceedance, Pncr, in 50 years or a
reference return period, Tncr, and b) the importance factor »# (see EN 1990:2002
and (2)P and (3)P of this clause ) to take into account reliability differentiation.

NOTE 1 The values to be ascribed to Pycg or to Txcr for use in a country may be found in its
National Annex of this document. The recommended values are Pycg =10% and Tycr = 475
years.

NOTE 2 The value of the probability of exceedance, Pg, in 71 years of a specific level of the
seismic action is related to the mean return period, Ty, of this level of the seismic action in
accordance with the expression Tg = -7 / In(1- Pg). So for a given 71, the seismic action may
equivalently be specified either via its mean return period, Ty, or its probability of exceedance,
Py in Ty years.

— Damage limitation requirement.

The structure shall be designed and constructed to withstand a seismic action
having a larger probability of occurrence than the design seismic action, without the
occurrence of damage and the associated limitations of use, the costs of which
would be disproportionately high in comparison with the costs of the structure
itself. The seismic action to be taken into account for the “damage limitation
requirement” has a probability of exceedance, Ppyg, in 10 years and a return period,
Tprr. In the absence of more precise information, the reduction factor applied on
the design seismic action in accordance with 4.4.3.2(2) may be used to obtain the
seismic action for the verification of the damage limitation requirement.

NOTE 3 The values to be ascribed to Ppir or to Tpr g for use in a country may be found in its
National Annex of this document. The recommended values are Pp g =10% and Tp g = 95 years.

(2)P  Target reliabilities for the no-collapse requirement and for the damage limitation
requirement are established by the National Authorities for different types of buildings
or civil engineering works on the basis of the consequences of failure.

(3)P  Reliability differentiation is implemented by classifying structures into different
importance classes. An importance factor j is assigned to each importance class.
Wherever feasible this factor should be derived so as to correspond to a higher or lower
value of the return period of the seismic event (with regard to the reference return
period) as appropriate for the design of the specific category of structures (see 3.2.1(3)).
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4) The different levels of reliability are obtained by multiplying the reference
seismic action or, when using linear analysis, the corresponding action effects by this
importance factor. Detailed guidance on the importance classes and the corresponding
importance factors is given in the relevant Parts of EN 1998.
NOTE At most sites the annual rate of exceedance, H(ag), of the reference peak ground
acceleration a, may be taken to vary with ag as: H(ag ) ~ ko agR'k, with the value of the
exponent k depending on seismicity, but being generally of the order of 3. Then, if the seismic
action is defined in terms of the reference peak ground acceleration a.g, the value of the
importance factor » multiplying the reference seismic action to achieve the same probability of
exceedance in 7} years as in the 7}y years for which the reference seismic action is defined, may
be computed as ¥ ~ (Tir/TL) “*. Alternatively, the value of the importance factor 3 that needs to
multiply the reference seismic action to achieve a value of the probability of exceeding the
seismic action, Py, in 71 years other than the reference probability of exceedance Pg, over the
same T} years, may be estimated as 5 ~ (P/PLr) "~

2.2 Compliance Criteria
2.2.1 General

(1)P  In order to satisfy the fundamental requirements in 2.1 the following limit states
shall be checked (see 2.2.2 and 2.2.3):

— ultimate limit states;

— damage limitation states.

Ultimate limit states are those associated with collapse or with other forms of structural
failure which might endanger the safety of people.

Damage limitation states are those associated with damage beyond which specified
service requirements are no longer met.

(2)P  In order to limit the uncertainties and to promote a good behaviour of structures
under seismic actions more severe than the design seismic action, a number of pertinent
specific measures shall also be taken (see 2.2.4).

3) For well defined categories of structures in cases of low seismicity (see
3.2.1(4)), the fundamental requirements may be satisfied through the application of
rules simpler than those given in the relevant Parts of EN 1998.

4) In cases of very low seismicity, the provisions of EN 1998 need not be observed
(see 3.2.1(5) and the notes therein for the definition of cases of very low seismicity).

(5) Specific rules for "simple masonry buildings” are given in Section 9. By
conforming to these rules, such “simple masonry buildings” are deemed to satisfy the
fundamental requirements of EN 1998-1 without analytical safety verifications.

2.2.2 Ultimate limit state

(1)P It shall be verified that the structural system has the resistance and energy-
dissipation capacity specified in the relevant Parts of EN 1998.
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(2) The resistance and energy-dissipation capacity to be assigned to the structure are
related to the extent to which its non-linear response is to be exploited. In operational
terms such balance between resistance and energy-dissipation capacity is characterised
by the values of the behaviour factor ¢ and the associated ductility classification, which
are given in the relevant Parts of EN 1998. As a limiting case, for the design of
structures classified as low-dissipative, no account is taken of any hysteretic energy
dissipation and the behaviour factor may not be taken, in general, as being greater than
the value of 1,5 considered to account for overstrengths. For steel or composite steel
concrete buildings, this limiting value of the g factor may be taken as being between 1,5
and 2 (see Note 1 of Table 6.1 or Note 1 of Table 7.1, respectively). For dissipative
structures the behaviour factor is taken as being greater than these limiting values
accounting for the hysteretic energy dissipation that mainly occurs in specifically
designed zones, called dissipative zones or critical regions.

NOTE The value of the behaviour factor ¢ should be limited by the limit state of dynamic
stability of the structure and by the damage due to low-cycle fatigue of structural details
(especially connections). The most unfavourable limiting condition should be applied
when the values of the ¢ factor are determined. The values of the ¢ factor given in the various Parts
of EN 1998 are deemed to conform to this requirement.

(3)P  The structure as a whole shall be checked to ensure that it is stable under the
design seismic action. Both overturning and sliding stability shall be taken into account.
Specific rules for checking the overturning of structures are given in the relevant Parts
of EN 1998.

(4)P It shall be verified that both the foundation elements and the foundation soil are
able to resist the action effects resulting from the response of the superstructure without
substantial permanent deformations. In determining the reactions, due consideration
shall be given to the actual resistance that can be developed by the structural element
transmitting the actions.

(5)P  In the analysis the possible influence of second order effects on the values of the
action effects shall be taken into account.

(6)P It shall be verified that under the design seismic action the behaviour of non-
structural elements does not present risks to persons and does not have a detrimental
effect on the response of the structural elements. For buildings, specific rules are given
in 4.3.5 and 4.3.6.

2.2.3 Damage limitation state

()P An adequate degree of reliability against unacceptable damage shall be ensured
by satisfying the deformation limits or other relevant limits defined in the relevant Parts
of EN 1998.

(2)P  In structures important for civil protection the structural system shall be verified
to ensure that it has sufficient resistance and stiffness to maintain the function of the
vital services in the facilities for a seismic event associated with an appropriate return
period.
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2.2.4 Specific measures
2.2.4.1 Design

(1) To the extent possible, structures should have simple and regular forms both in
plan and elevation, (see 4.2.3). If necessary this may be realised by subdividing the
structure by joints into dynamically independent units.

(2)P  In order to ensure an overall dissipative and ductile behaviour, brittle failure or
the premature formation of unstable mechanisms shall be avoided. To this end, where
required in the relevant Parts of EN 1998, resort shall be made to the capacity design
procedure, which is used to obtain the hierarchy of resistance of the various structural
components and failure modes necessary for ensuring a suitable plastic mechanism and
for avoiding brittle failure modes.

(3)P  Since the seismic performance of a structure is largely dependent on the
behaviour of its critical regions or elements, the detailing of the structure in general and
of these regions or elements in particular, shall be such as to maintain the capacity to
transmit the necessary forces and to dissipate energy under cyclic conditions. To this
end, the detailing of connections between structural elements and of regions where non-
linear behaviour is foreseeable should receive special care in design.

(4)P  The analysis shall be based on an adequate structural model, which, when
necessary, shall take into account the influence of soil deformability and of non-
structural elements and other aspects, such as the presence of adjacent structures.

2.2.4.2 Foundations

(1)P  The stiffness of the foundations shall be adequate for transmitting the actions
received from the superstructure to the ground as uniformly as possible.

(2) With the exception of bridges, only one foundation type should in general be
used for the same structure, unless the latter consists of dynamically independent units.

2.2.4.3 Quality system plan

(1)P  The design documents shall indicate the sizes, the details and the characteristics
of the materials of the structural elements. If appropriate, the design documents shall
also include the characteristics of special devices to be used and the distances between
structural and non-structural elements. The necessary quality control provisions shall
also be given.

(2)P  Elements of special structural importance requiring special checking during
construction shall be identified on the design drawings. In this case the checking
methods to be used shall also be specified.

(3) In regions of high seismicity and in structures of special importance, formal
quality system plans, covering design, construction, and use, additional to the control
procedures prescribed in the other relevant Eurocodes, should be used.
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3  GROUND CONDITIONS AND SEISMIC ACTION

3.1 Ground conditions
3.1.1 General

(1)P  Appropriate investigations shall be carried out in order to identify the ground
conditions in accordance with the types given in 3.1.2.

(2) Further guidance concerning ground investigation and classification is given in
EN 1998-5:2004, 4.2.

3) The construction site and the nature of the supporting ground should normally
be free from risks of ground rupture, slope instability and permanent settlements caused
by liquefaction or densification in the event of an earthquake. The possibility of
occurrence of such phenomena shall be investigated in accordance with EN 1998-
5:2004, Section 4.

4) Depending on the importance class of the structure and the particular conditions
of the project, ground investigations and/or geological studies should be performed to
determine the seismic action.

NOTE The conditions under which ground investigations additional to those necessary for

design for non-seismic actions may be omitted and default ground classification may be used
may be specified in the National Annex.

3.1.2 Identification of ground types

(1) Ground types A, B, C, D, and E, described by the stratigraphic profiles and
parameters given in Table 3.1 and described hereafter, may be used to account for the
influence of local ground conditions on the seismic action. This may also be done by
additionally taking into account the influence of deep geology on the seismic action.
NOTE The ground classification scheme accounting for deep geology for use in a country may
be specified in its National Annex, including the values of the parameters S, Tg, 7c and Tp

defining the horizontal and vertical elastic response spectra in accordance with 3.2.2.2 and
3.2.2.3.
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Table 3.1: Ground types

Ground | Description of stratigraphic profile Parameters
type
vs30 (M/s) | Nspr cu (kPa)
(blows/30cm)
A Rock or other rock-like geological > 800 _ _

formation, including at most 5 m of
weaker material at the surface.

B Deposits of very dense sand, gravel, or |360—800 |> 50 > 250
very stiff clay, at least several tens of
metres in thickness, characterised by a
gradual increase of mechanical
properties with depth.

C Deep deposits of dense or medium- 180-360 |[15-50 70 - 250
dense sand, gravel or stiff clay with
thickness from several tens to many
hundreds of metres.

D Deposits of loose-to-medium <180 <15 <70
cohesionless soil (with or without some
soft cohesive layers), or of
predominantly soft-to-firm cohesive
soil.

E A soil profile consisting of a surface
alluvium layer with v values of type C
or D and thickness varying between
about 5 m and 20 m, underlain by
stiffer material with v,> 800 m/s.

S Deposits consisting, or containing a <100 10-20
layer at least 10 m thick, of soft
clays/silts with a high plasticity index
(PI > 40) and high water content

(indicative)

S, Deposits of liquefiable soils, of
sensitive clays, or any other soil profile
not included in types A — E or §;

(2) The site should be classified according to the value of the average shear wave
velocity, vs 30, if this is available. Otherwise the value of Nspr should be used.

3) The average shear wave velocity v 3o should be computed in accordance with
the following expression:

30
Vs30 = A (3.1)

i=I,N V;
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where A; and v; denote the thickness (in metres) and shear-wave velocity (at a shear
strain level of 10-3 or less) of the i-th formation or layer, in a total of N, existing in the
top 30 m.

(4)P  For sites with ground conditions matching either one of the two special ground
types S; or S,, special studies for the definition of the seismic action are required. For
these types, and particularly for S,, the possibility of soil failure under the seismic
action shall be taken into account.

NOTE Special attention should be paid if the deposit is of ground type S;. Such soils typically
have very low values of v, low internal damping and an abnormally extended range of linear
behaviour and can therefore produce anomalous seismic site amplification and soil-structure
interaction effects (see EN 1998-5:2004, Section 6). In this case, a special study to define the
seismic action should be carried out, in order to establish the dependence of the response
spectrum on the thickness and v, value of the soft clay/silt layer and on the stiffness contrast
between this layer and the underlying materials.

3.2 Seismic action
3.2.1 Seismic zones

()P For the purpose of EN 1998, national territories shall be subdivided by the
National Authorities into seismic zones, depending on the local hazard. By definition,
the hazard within each zone is assumed to be constant.

(2) For most of the applications of EN 1998, the hazard is described in terms of a
single parameter, i.e. the value of the reference peak ground acceleration on type A
ground, agr. Additional parameters required for specific types of structures are given in
the relevant Parts of EN 1998.

NOTE The reference peak ground acceleration on type A ground, ag, for use in a country or
parts of the country, may be derived from zonation maps found in its National Annex.

3) The reference peak ground acceleration, chosen by the National Authorities for
each seismic zone, corresponds to the reference return period Tncr of the seismic action
for the no-collapse requirement (or equivalently the reference probability of exceedance
in 50 years, Pncr) chosen by the National Authorities (see 2.1(1)P). An importance
factor  equal to 1,0 is assigned to this reference return period. For return periods other
than the reference (see importance classes in 2.1(3)P and (4)), the design ground
acceleration on type A ground g, is equal to agr times the importance factor y (ag =
#.agr). (See Note to 2.1(4)).

4) In cases of low seismicity, reduced or simplified seismic design procedures for
certain types or categories of structures may be used.

NOTE The selection of the categories of structures, ground types and seismic zones in a country
for which the provisions of low seismicity apply may be found in its National Annex. It is
recommended to consider as low seismicity cases either those in which the design ground
acceleration on type A ground, a,, is not greater than 0,08 g (0,78 m/s?), or those where the
product a,.S is not greater than 0,1 g (0,98 m/s?). The selection of whether the value of ag, or that
of the product a,.S will be used in a country to define the threshold for low seismicity cases, may
be found in its National Annex.

(5P In cases of very low seismicity, the provisions of EN 1998 need not be observed.
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NOTE The selection of the categories of structures, ground types and seismic zones in a country
for which the EN 1998 provisions need not be observed (cases of very low seismicity) may be
found in its National Annex. It is recommended to consider as very low seismicity cases either
those in which the design ground acceleration on type A ground, a,, is not greater than 0,04 g
(0,39 m/s%), or those where the product a,.S is not greater than 0,05 g (0,49 m/s?). The selection
of whether the value of a,, or that of the product a,.S will be used in a country to define the
threshold for very low seismicity cases, can be found in its National Annex.

3.2.2 Basic representation of the seismic action
3.2.2.1 General

(1)P  Within the scope of EN 1998 the earthquake motion at a given point on the
surface is represented by an elastic ground acceleration response spectrum, henceforth
called an “elastic response spectrum”.

2) The shape of the elastic response spectrum is taken as being the same for the two
levels of seismic action introduced in 2.1(1)P and 2.2.1(1)P for the no-collapse
requirement (ultimate limit state — design seismic action) and for the damage limitation
requirement.

(3)P  The horizontal seismic action is described by two orthogonal components
assumed as being independent and represented by the same response spectrum.

4) For the three components of the seismic action, one or more alternative shapes
of response spectra may be adopted, depending on the seismic sources and the
earthquake magnitudes generated from them.

NOTE 1 The selection of the shape of the elastic response spectrum to be used in a country or
part of the country may be found in its National Annex.

NOTE 2 In selecting the appropriate shape of the spectrum, consideration should be given to the
magnitude of earthquakes that contribute most to the seismic hazard defined for the purpose of
probabilistic hazard assessment, rather than on conservative upper limits (e.g. the Maximum
Credible Earthquake) defined for that purpose.

(5) When the earthquakes affecting a site are generated by widely differing sources,
the possibility of using more than one shape of spectra should be considered to enable
the design seismic action to be adequately represented. In such circumstances, different
values of a, will normally be required for each type of spectrum and earthquake.

(6) For important structures (1 >1,0) topographic amplification effects should be
taken into account.

NOTE Informative Annex A of EN 1998-5:2004 provides information for topographic
amplification effects.

(7) Time-history representations of the earthquake motion may be used (see 3.2.3).

(8) Allowance for the variation of ground motion in space as well as time may be
required for specific types of structures (see EN 1998-2, EN 1998-4 and EN 1998-6).

Documents

36 Document Sharing Hub

Full document details: BS EN 1998-1:2004+A1:2013


http://www.avadocuments.com/doc/bs-en-1998-1-2004-a1-2013
http://www.avadocuments.com/doc/bs-en-1998-1-2004-a1-2013

BS EN 1998-1:2004+A1:2013
EN 1998-1:2004+A1:2013 (E)

3.2.2.2 Horizontal elastic response spectrum

()P  For the horizontal components of the seismic action, the elastic response

spectrum S,(7) is defined by the following expressions (see Figure. 3.1):

OSTSTB:Se(T):ag-S-{1+Tl-(77-2,5—1)} (3.2)
B
Ty <T<T.:S(T)=a, S-n-2.5 (3.3)
T
T.<T<T, Se(T)zag-S-n-2,57 (3.4)
[T.T,
T <T<4s:S,(T)=a,-S-n-25 ;ZD} (3.5)
where
Se(T) is the elastic response spectrum;
T is the vibration period of a linear single-degree-of-freedom system;
ag is the design ground acceleration on type A ground (ag = j1.agr);
Tz is the lower limit of the period of the constant spectral acceleration branch;
Tc is the upper limit of the period of the constant spectral acceleration branch;
Tp is the value defining the beginning of the constant displacement response range
of the spectrum;
S is the soil factor;
n is the damping correction factor with a reference value of 7 =1 for 5% viscous
damping, see (3) of this subclause.
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Figure 3.1: Shape of the elastic response spectrum

(2)P  The values of the periods Ts, Tc and Tp and of the soil factor S describing the
shape of the elastic response spectrum depend upon the ground type.

NOTE 1 The values to be ascribed to 73, T¢, Tp and S for each ground type and type (shape) of
spectrum to be used in a country may be found in its National Annex. If deep geology is not
accounted for (see 3.1.2(1) ), the recommended choice is the use of two types of spectra: Type 1
and Type 2. If the earthquakes that contribute most to the seismic hazard defined for the site for
the purpose of probabilistic hazard assessment have a surface-wave magnitude, M;, not greater
than 5,5, it is recommended that the Type 2 spectrum is adopted. For the five ground types A, B,
C, D and E the recommended values of the parameters S, Ty, T and T are given in Table 3.2 for
the Type 1 Spectrum and in Table 3.3 for the Type 2 Spectrum. Figure 3.2 and Figure 3.3 show
the shapes of the recommended Type 1 and Type 2 spectra, respectively, normalised by a, for
5% damping. Different spectra may be defined in the National Annex, if deep geology is

accounted for.

Table 3.2: Values of the parameters describing the recommended Type 1 elastic response spectra

Ground type S Ts(s) Tc (s) Tp (8)
A 1,0 0,15 0,4 2,0
B 1,2 0,15 0,5 2,0
C 1,15 0,20 0,6 2,0
D 1,35 0,20 0,8 2,0
E 1,4 0,15 0,5 2,0
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Table 3.3: Values of the parameters describing the recommended Type 2 elastic response spectra

Ground type S Ts (s) Tc (s) Tp (s)
A 1,0 0,05 0,25 1,2
B 1,35 0,05 0,25 1,2
C 1,5 0,10 0,25 1,2
D 1,8 0,10 0,30 1,2
E 1,6 0,05 0,25 1,2

']

%1

S

0 -
0 1 2 3

T (s)

Figure 3.2: Recommended Type 1 elastic response spectra for ground types A to E (5% damping)

n

0 1 2 3 4
T (s)

Figure 3.3: Recommended Type 2 elastic response spectra for ground types A to E (5% damping)
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Note 2 For ground types S; and S, special studies should provide the corresponding values of S,
T; B> T C and T; D.

3) The value of the damping correction factor 7 may be determined by the
expression:

n=10/5+&)>0,55 (3.6)

where¢ is the viscous damping ratio of the structure, expressed as a percentage.

4) If for special cases a viscous damping ratio different from 5% is to be used, this
value is given in the relevant Part of EN 1998.

(5)P  The elastic displacement response spectrum, Spe(7), shall be obtained by direct
transformation of the elastic acceleration response spectrum, Se¢(7), using the following
expression:

T 2
Spe(T) =S, (T)[E} (3.7)

(6) Expression (3.7) should normally be applied for vibration periods not exceeding
4,0 s. For structures with vibration periods longer than 4,0 s, a more complete definition
of the elastic displacement spectrum is possible.

NOTE For the Type 1 elastic response spectrum referred to in Note 1 to 3.2.2.2(2)P, such a
definition is presented in Informative Annex A in terms of the displacement response spectrum.
For periods longer than 4,0 s, the elastic acceleration response spectrum may be derived from the
elastic displacement response spectrum by inverting expression (3.7).

3.2.2.3 Vertical elastic response spectrum

(1)P  The vertical component of the seismic action shall be represented by an elastic
response spectrum, Sye(7), derived using expressions (3.8)-(3.11).

0<ST<Ty: Sve(T):avg-{1+TL-(77-3,0—1)} (3.8)
B
Ty <T<T.: 8,.(T)=ay, -n-30 (3.9)
TC
Te <T<Ty:S,.(T)=ay, -n30 - (3.10)
T, £T£4S:Sve(T)=an-77-3,0{%} (3.11)

NOTE The values to be ascribed to T3, T¢, Tp and ay, for each type (shape) of vertical spectrum
to be used in a country may be found in its National Annex. The recommended choice is the use
of two types of vertical spectra: Type 1 and Type 2. As for the spectra defining the horizontal
components of the seismic action, if the earthquakes that contribute most to the seismic hazard
defined for the site for the purpose of probabilistic hazard assessment have a surface-wave
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magnitude, M, not greater than 5,5, it is recommended that the Type 2 spectrum is adopted. For
the five ground types A, B, C, D and E the recommended values of the parameters describing the
vertical spectra are given in Table 3.4. These recommended values do not apply for special
ground types S; and S..

Table 3.4: Recommended values of parameters describing the vertical elastic response spectra

Spectrum ayla, Ts (s) Tc (s) Tp (s)
Type 1 0,90 0,05 0,15 1,0
Type 2 0,45 0,05 0,15 1,0

3.2.2.4 Design ground displacement

(1)  Unless special studies based on the available information indicate otherwise, the
design ground displacement d,, corresponding to the design ground acceleration, may
be estimated by means of the following expression:

d, =0,025-a,-S-T, Ty, (3.12)

with ag, S, Tc and Tp as defined in 3.2.2.2.
3.2.2.5 Design spectrum for elastic analysis

(1) The capacity of structural systems to resist seismic actions in the non-linear
range generally permits their design for resistance to seismic forces smaller than those
corresponding to a linear elastic response.

(2) To avoid explicit inelastic structural analysis in design, the capacity of the
structure to dissipate energy, through mainly ductile behaviour of its elements and/or
other mechanisms, is taken into account by performing an elastic analysis based on a
response spectrum reduced with respect to the elastic one, henceforth called a "design
spectrum". This reduction is accomplished by introducing the behaviour factor g.

(3)P  The behaviour factor g is an approximation of the ratio of the seismic forces that
the structure would experience if its response was completely elastic with 5% viscous
damping, to the seismic forces that may be used in the design, with a conventional
elastic analysis model, still ensuring a satisfactory response of the structure. The values
of the behaviour factor g, which also account for the influence of the viscous damping
being different from 5%, are given for various materials and structural systems
according to the relevant ductility classes in the various Parts of EN 1998. The value of
the behaviour factor ¢ may be different in different horizontal directions of the structure,
although the ductility classification shall be the same in all directions.

(4)P  For the horizontal components of the seismic action the design spectrum, Sq(7),
shall be defined by the following expressions:

OSTSTB:Sd(T)=ag-S~F+l (E—EH (3.13)
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2,5
Ty <T<T.: S4(T)=a,-S- . (3.14)
T,
=a,-S 2,5 {_C}
T. <T<Tp: S,(T) q | T (3.15)
> f-a,
_, 5.2 .[TCTD}
T, <T: S,(T) ¢ g |17 (3.16)
> f-a,
where
ag, S, Tc and Tp are as defined in 3.2.2.2;
Sa(7) is the design spectrum;
q is the behaviour factor;
p is the lower bound factor for the horizontal design spectrum.

NOTE The value to be ascribed to £ for use in a country can be found in its National Annex. The
recommended value for Sis 0,2.

(5)  For the vertical component of the seismic action the design spectrum is given by
expressions (3.13) to (3.16), with the design ground acceleration in the vertical
direction, ay, replacing a,, S taken as being equal to 1,0 and the other parameters as
defined in 3.2.2.3.

(6) For the vertical component of the seismic action a behaviour factor ¢ up to to 1,5
should generally be adopted for all materials and structural systems.

(7) The adoption of values for g greater than 1,5 in the vertical direction should be
justified through an appropriate analysis.

(8)P  The design spectrum as defined above is not sufficient for the design of
structures with base-isolation or energy-dissipation systems.

3.2.3 Alternative representations of the seismic action
3.2.3.1 Time - history representation
3.2.3.1.1 General

(1)P  The seismic motion may also be represented in terms of ground acceleration
time-histories and related quantities (velocity and displacement).

(2)P  When a spatial model of the structure is required, the seismic motion shall
consist of three simultaneously acting accelerograms. The same accelerogram may not
be used simultaneously along both horizontal directions. Simplifications are possible in
accordance with the relevant Parts of EN 1998.
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3) Depending on the nature of the application and on the information actually
available, the description of the seismic motion may be made by using artificial
accelerograms (see 3.2.3.1.2) and recorded or simulated accelerograms (see 3.2.3.1.3).

3.2.3.1.2 Artificial accelerograms

(1)P  Artificial accelerograms shall be generated so as to match the elastic response
spectra given in 3.2.2.2 and 3.2.2.3 for 5% viscous damping (&= 5%).

(2)P  The duration of the accelerograms shall be consistent with the magnitude and
the other relevant features of the seismic event underlying the establishment of a,.

3) When site-specific data are not available, the minimum duration 7 of the
stationary part of the accelerograms should be equal to 10 s.

4) The suite of artificial accelerograms should observe the following rules:
a) a minimum of 3 accelerograms should be used;

b) the mean of the zero period spectral response acceleration values (calculated from the
individual time histories) should not be smaller than the value of a,.S for the site in
question.

¢) in the range of periods between 0,27 and 27}, where 7] is the fundamental period of
the structure in the direction where the accelerogram will be applied; no value of the
mean 5% damping elastic spectrum, calculated from all time histories, should be less
than 90% of the corresponding value of the 5% damping elastic response spectrum.

3.2.3.1.3 Recorded or simulated accelerograms

()P Recorded accelerograms, or accelerograms generated[AC)through a numerical
simulation (AC1] of source and travel path mechanisms, may be used, provided that the
samples used are adequately qualified with regard to the seismogenetic features of the
sources and to the soil conditions appropriate to the site, and their values are scaled to
the value of a,.S for the zone under consideration.

(2)P  For soil amplification analyses and for dynamic slope stability verifications see
EN 1998-5:2004, 2.2.

3) The suite of recorded or simulated accelerograms to be used should satisfy
3.2.3.1.2(4).

3.2.3.2 Spatial model of the seismic action

(1)P  For structures with special characteristics such that the assumption of the same
excitation at all support points cannot reasonably be made, spatial models of the seismic

action shall be used (see 3.2.2.1(8)).

(2)P  Such spatial models shall be consistent with the elastic response spectra used for
the basic definition of the seismic action in accordance with 3.2.2.2 and 3.2.2.3.
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3.2.4 Combinations of the seismic action with other actions

(1)P  The design value Eq4 of the effects of actions in the seismic design situation shall
be determined in accordance with EN 1990:2002, 6.4.3.4.

(2)P  The inertial effects of the design seismic action shall be evaluated by taking into
account the presence of the masses associated with all gravity loads appearing in the
following combination of actions:

26 "+ 2y - Oy (3.17)
where
we; is the combination coefficient for variable action i (see 4.2.4).

3) The combination coefficients yg; take into account the likelihood of the loads
Ok not being present over the entire structure during the earthquake. These coefficients
may also account for a reduced participation of masses in the motion of the structure
due to the non-rigid connection between them.

4) Values of y»; are given in EN 1990:2002 and values of yg; for buildings or
other types of structures are given in the relevant parts of EN 1998.
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4 DESIGN OF BUILDINGS

4.1 General
4.1.1 Scope

(1)P  Section 4 contains general rules for the earthquake-resistant design of buildings
and shall be used in conjunction with Sections 2, 3 and 5to 9.

2) Sections 5 to 9 are concerned with specific rules for various materials and
elements used in buildings.

3) Guidance on base-isolated buildings is given in Section 10.
4.2 Characteristics of earthquake resistant buildings
4.2.1 Basic principles of conceptual design

(1)P  In seismic regions the aspect of seismic hazard shall be taken into account in the
early stages of the conceptual design of a building, thus enabling the achievement of a
structural system which, within acceptable costs, satisfies the fundamental requirements
specified in 2.1.

(2) The guiding principles governing this conceptual design are:
— structural simplicity;

— uniformity, symmetry and redundancy;

— bi-directional resistance and stiffhess;

— torsional resistance and stiffness;

— diaphragmatic behaviour at storey level,

— adequate foundation.
These principles are further elaborated in the following subclauses.
4.2.1.1 Structural simplicity

(1) Structural simplicity, characterised by the existence of clear and direct paths for
the transmission of the seismic forces, is an important objective to be pursued, since the
modelling, analysis, dimensioning, detailing and construction of simple structures are
subject to much less uncertainty and thus the prediction of its seismic behaviour is much
more reliable.

4.2.1.2 Uniformity, symmetry and redundancy

(1) Uniformity in plan is characterised by an even distribution of the structural
elements which allows short and direct transmission of the inertia forces created in the
distributed masses of the building. If necessary, uniformity may be realised by
subdividing the entire building by seismic joints into dynamically independent units,
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provided that these joints are designed against pounding of the individual units in
accordance with 4.4.2.7.

(2) Uniformity in the development of the structure along the height of the building
is also important, since it tends to eliminate the occurrence of sensitive zones where
concentrations of stress or large ductility demands might prematurely cause collapse.

3) A close relationship between the distribution of masses and the distribution of
resistance and stiffness eliminates large eccentricities between mass and stiffness.

4) If the building configuration is symmetrical or quasi-symmetrical, a symmetrical
layout of structural elements, which should be well-distributed in-plan, is appropriate
for the achievement of uniformity.

(5) The use of evenly distributed structural elements increases redundancy and
allows a more favourable redistribution of action effects and widespread energy
dissipation across the entire structure.

4.2.1.3 Bi-directional resistance and stiffness

(1)P  Horizontal seismic motion is a bi-directional phenomenon and thus the building
structure shall be able to resist horizontal actions in any direction.

(2) To satisty (1)P, the structural elements should be arranged in an orthogonal in-
plan structural pattern, ensuring similar resistance and stiffness characteristics in both
main directions.

3) The choice of the stiffness characteristics of the structure, while attempting to
minimise the effects of the seismic action (taking into account its specific features at the
site) should also limit the development of excessive displacements that might lead to
either instabilities due to second order effects or excessive damages.

4.2.1.4 Torsional resistance and stiffness

(1) Besides lateral resistance and stiffness, building structures should possess
adequate torsional resistance and stiffness in order to limit the development of torsional
motions which tend to stress the different structural elements in a non-uniform way . In
this respect, arrangements in which the main elements resisting the seismic action are
distributed close to the periphery of the building present clear advantages.

4.2.1.5 Diaphragmatic behaviour at storey level

(1) In buildings, floors (including the roof) play a very important role in the overall
seismic behaviour of the structure. They act as horizontal diaphragms that collect and
transmit the inertia forces to the vertical structural systems and ensure that those
systems act together in resisting the horizontal seismic action. The action of floors as
diaphragms is especially relevant in cases of complex and non-uniform layouts of the
vertical structural systems, or where systems with different horizontal deformability
characteristics are used together (e.g. in dual or mixed systems).

(2)  Floor systems and the roof should be provided with in-plane stiffness and
resistance and with effective connection to the vertical structural systems. Particular
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care should be taken in cases of non-compact or very elongated in-plan shapes and in
cases of large floor openings, especially if the latter are located in the vicinity of the
main vertical structural elements, thus hindering such effective connection between the
vertical and horizontal structure.

3) Diaphragms should have sufficient in-plane stiffness for the distribution of
horizontal inertia forces to the vertical structural systems in accordance with the
assumptions of the analysis (e.g. rigidity of the diaphragm, see 4.3.1(4)), particularly
when there are significant changes in stiffness or offsets of vertical elements above and
below the diaphragm.

4.2.1.6 Adequate foundation

(1)P  With regard to the seismic action, the design and construction of the foundations
and of the connection to the superstructure shall ensure that the whole building is
subjected to a uniform seismic excitation.

(2) For structures composed of a discrete number of structural walls, likely to differ
in width and stiffness, a rigid, box-type or cellular foundation, containing a foundation
slab and a cover slab should generally be chosen.

3) For buildings with individual foundation elements (footings or piles), the use of
a foundation slab or tie-beams between these elements in both main directions is
recommended, subject to the criteria and rules of EN 1998-5:2004, 5.4.1.2.

4.2.2 Primary and secondary seismic members

(1)P A certain number of structural members (e.g. beams and/or columns) may be
designated as “secondary” seismic members (or elements), not forming part of the
seismic action resisting system of the building. The strength and stiffness of these
elements against seismic actions shall be neglected. They do not need to conform to the
requirements of Sections 5 to 9. Nonetheless these members and their connections shall
be designed and detailed to maintain support of gravity loading when subjected to the
displacements caused by the most unfavourable seismic design condition. Due
allowance of 2™ order effects (P-A effects) should be made in the design of these
members.

2) Sections 5 to 9 give rules, in addition to those of EN 1992, EN 1993, EN 1994,
EN 1995 and EN 1996, for the design and detailing of secondary seismic elements.

3) All structural members not designated as being secondary seismic members are
taken as being primary seismic members. They are taken as being part of the lateral
force resisting system, should be modelled in the structural analysis in accordance with
4.3.1 and designed and detailed for earthquake resistance in accordance with the rules of
Sections 5to0 9.

4) The total contribution to lateral stiffness of all secondary seismic members
should not exceed 15% of that of all primary seismic members.
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(5) The designation of some structural elements as secondary seismic members is
not allowed to change the classification of the structure from non-regular to regular as
described in 4.2.3.

4.2.3 Criteria for structural regularity
4.2.3.1 General

(1)P  For the purpose of seismic design, building structures are categorised into being
regular or non-regular.

NOTE In building structures consisting of more than one dynamically independent units, the
categorisation and the relevant criteria in 4.2.3 refer to the individual dynamically independent
units. In such structures, “individual dynamically independent unit” is meant for “building” in
4.2.3.

(2) This distinction has implications for the following aspects of the seismic design:

— the structural model, which can be either a simplified planar model or a spatial
model ;

— the method of analysis, which can be either a simplified response spectrum analysis
(lateral force procedure) or a modal one;

— the value of the behaviour factor ¢, which shall be decreased for buildings
non-regular in elevation (see 4.2.3.3).

(3)P  With regard to the implications of structural regularity on analysis and design,
separate consideration is given to the regularity characteristics of the building in plan
and in elevation (Table 4.1).

Table 4.1: Consequences of structural regularity on seismic analysis and design

Regularity Allowed Simplification Behaviour factor
Plan | Elevation | Model Linear-elastic Analysis | (for linear analysis)
Yes | Yes Planar Lateral force® Reference value
Yes | No Planar Modal Decreased value
No Yes Spatialb Lateral force® Reference value
No No Spatial Modal Decreased value

? If the condition of 4.3.3.2.1(2)a) is also met.
® Under the specific conditions given in 4.3.3.1(8) a separate planar model may be used in each horizontal
direction, in accordance with 4.3.3.1(8).

4) Criteria describing regularity in plan and in elevation are given in 4.2.3.2 and
4.2.3.3. Rules concerning modelling and analysis are given in 4.3.

(5)P  The regularity criteria given in 4.2.3.2 and 4.2.3.3 should be taken as necessary
conditions. It shall be verified that the assumed regularity of the building structure is not
impaired by other characteristics, not included in these criteria.

(6) The reference values of the behaviour factors are given in Sections 5 to 9.
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