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Foreword 

This European Standard EN 1998-1, Eurocode 8: Design of structures for earthquake 
resistance: General rules, seisn1ic actions and rules for buildings, has been prepared by 
Technical Con1n1ittee 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 shal1 be given the status of a National Standard, either by 
publication of an identical text or by endorsen1ent, at the latest by June 2005, and 
contlicting national standards shall be withdrawn at latest by March 2010.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 implelnent this European 
Standard: Austria, Belgium, Cyprus, Czech Republic, Dennlark, Estonia, Finland, 
France, Gernlany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, 
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, 
Sweden, Switzerland and United Kingdonl. 

Background of the Eurocode progralllme 

In 1975, the COlnn1ission of the European Con1munity decided on an action programlne 
in the field of construction, based on article 95 of the Treaty. The objective of the 
progran1nle was the elin1ination of technical obstacles to trade and the harnlonisation of 
technical specifications. 

Within this action progran1n1e, the C0111n1ission took the initiative to establish a set of 
ha1l110nised 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 Menlber States and, 
ultinlately, would replace thein. 

For fifteen years, the Conl1nission, with the help of a Steering COln111ittee with 
Representatives of Men1ber States, conducted the development of the Eurocodes 
progranl111e, which led to the first generation of European codes in the 1980's. 

In 1989, the Con1111ission and the Men1ber States of the EU and EFTA decided, on the 
basis of an agreenlent l 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 thenl 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 Con1n1ission's 
Decisions dealing with European standards (e.g. the Council Directive 89/106/EEC on 
construction products - CPD - and Council Directives 93/37 IEEC, 921S0lEEC and 
89/440/EEC on public works and services and equivalent EFTA Directives initiated in 
pursuit of setting up the internal rnarket). 

J 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 (BGCEN!03!89). 
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The Structural Eurocode progranl1ne cOll1pnses the following standards generally 
consisting of a nUluber of Parts: 

EN 1990 Eurocode: Basis of structural design 

EN 1991 Eurocode I: 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 COll1posite steel and concrete structures 

EN 1995 Eurocode 5: Design oftinlber structures 

EN 1996 Eurocode 6: Design of l11asonry structures 

EN 1997 Eurocode 7: Geotechnical design 

EN 1998 Eurocode 8: Design of structures for earthquake resistance 

EN 1999 Eurocode 9: Design of alunlinium structures 

Eurocode standards recognise the responsibility of regulatory authorities in each 
Mel11ber State and have safeguarded their right to determine values related to regulatory 
safety n1atters at national level where these continue to vary fron1 State to State. 

Status and field of application of Eurocodes 

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

as a ll1eans to prove C0111pliance of building and civil engineering works with the 
essential requiren1ents of Council Directive 89/1 06/EEC, particularly Essential 
Requirement N°l - 1v1echanical 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 frao1ework for drawing up han110nised technical specifications for construction 
products (EN sand ETAs) 

The Eurocodes, as far as they concern the construction works themselves, have a direct 
relationship with the Interpretative DocUl11ents2 referred to in Article 12 of the CPO, 
although they are of a different nature fron1 harn10nised product standards3

. Therefore, 
technical aspects arising fr0111 the Eurocodes work need to be adequately considered by 

According [0 Art. 3.3 of the CPO, the essential requiremcnts (ERs) shall be given concrete form in interpretative documents for 
the creation of the necessary links between the esscntial requirements and thc mandates for hENs and ET AGs/ETAs. 

According to Art. 12 of the CPO the interpretative documents shall : 

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

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

c) serve as a reference for the establishment of harl110niscd standards and guidelines for European technical approvals. 

The Eurocodes, delacto, playa similar role in the field of the ER I and part of ER 
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CEN Technical C0111n1ittees and/or EOT A Working Groups \vorking on product 
standards with a view to achieving a full cOlnpatibility of these technical specifications 
with the Eurocodes. 

The Eurocode standards provide conl1non structural design rules everyday use for 
the design of whole structures and conlponent products of both a traditional and an 
innovative nature. Unusual fonlls 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 in1plementing Eurocodes will comprise the full text of the 
Eurocode (including any annexes), as published by CEN, which nlay be preceded by a 
National title page and National foreword, ~ and may be followed by a National 
annex 

National annex nlay only contain inforn1ation on those paranleters which are left 
open in the Eurocode for national choice, known as Nationally Detennined Paran1eters, 
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 sYlnbol only is given in the Eurocode, 

country specific data (geographical, climatic, etc.), e.g. snow nlap, 

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 infonnation to assist the user to 
apply the Eurocode. 

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

There is a need for consistency between the harnl0nised technical specifications for 
construction products and the technical rules for works4

. Furthermore, all the 
infornlation acconlpanying the :Nlarking of the construction products which refer to 
Eurocodes shall clearly mention which Nationally Determined Parallleters have been 
taken j nto 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. 

See Art.3.3 and Art. 1 of the CPO, as well as clauses 4.2, 4.3.!, 4.3.2 and 5.2 of ID I. 
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EN 1998-1 was developed fron1 the Inerger of ENV 1998-1 1: 1994, ENV 1998-1-
2: 1994 and ENV 1998-1 : 1995. As mentioned in 1.1.1, attention nlust 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 

1999. 

One fundan1enta1 issue in EN 1998-1 is the definition of the seisnlic action. Given the 
wide difference of seisnlic hazard and seismo-genetic characteristics in the various 
nlelnber countries, the seismic action is herein defined in general ternlS. The definition 
allows various Nationally Deternlined Paranleters (NDP) which should be confirnled or 
1110dified in the National Annexes. 

It is however considered that, by the use of a COlnnlon basic nl0del for the 
representation of the seisn1ic action, an inlportant step is taken in EN 1998-1 in ternlS of 
Code harn10nisation. 

1998-1 contains in its section related to nlasonry buildings specific prOVlSIons 
which silnplify the design of "sinlple nlasonry buildings". 

National annex for EN 1998-1 

This standard gives alternative procedures, values and recon1nlendations for 
with notes indicating where national choices l11ay be ll1ade. Therefore the National 
Standard inlp1enlenting 1998-1 should have a National Annex containing all 
Nationally Deternlined Paralneters 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 I Hen1 

1.1.2(7) Infornlative Annexes A and B. 

2.1(l)P Reference return period TNCR of seisll1ic action for the no-collapse 
requirement (or, equivalently, reference probability of exceedance 
in 50 years, PNCR). 

2.] (l)P Reference return period TOLR of seisll1ic action for the dan1age 
1in1itation requirelnent. (Of, equivalently, reference probability of 
exceedance in 10 years, P OLR). 

3.1.1(4) Conditions under which ground investigations additional to those 
necessary for design for non-seisnlic actions ll1ay be oll1itted and 
default ground classification n1ay be used . 

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

3.2.1 (l), (2),(3) SeiS111ic zone 111apS and reference ground accelerations therein. 

3.2.1(4) Govell1ing paranleter (identification and value) for threshold of 
low seisnlicity . 
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1 (5)P @lI 

3.2.2.1 (4), 
~3.2.2.2(2)P@J] 

3.2.2.3( l)P 

3 .2.2.5(4)P 

4.2.3.2(8) 

4.2A(2)P 

4.2.5(5)P 

4.3.3.1 (4) 

4.3.3.1 (8) 

4A.2.5 (2). 

4A.3.2 (2) 

~5.2.1(5)P @lI 

5.2.2.2(10) 

~5.2A(3)@lI 

5A.3.5.2(1) 

5.8.2(3) 

5.8.2(4) 

5.8.2(5) 

5.11.1.3.2(3) 

5.11.1.4 

5.11.1.5(2) 

5.11.3 A(7)e 
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Governing paran1eter (identification and value) for threshold of 
very low seismicity. 

Paran1eters S, Tg , Te, TD defining shape of horizontal elastic 
response spectra. 

Parall1eters avg TB, TD defining shape of vertical elastic 
response spectra. 

Lower bound factor f3 on design spectral values. 

Reference to definitions of centre of stiffness and of torsional 
radius in l11ulti-storey buildings n1eeting or not conditions (a) and 
(b) of 4.2.3.2(8) 

: 

Values of (jJ for buildings. 

fIl1portance factor )1 for buildings. 

Decision on whether nonlinear 111ethods of analysis ll1ay be applied 
for the design of non-base-isolated buildings. Reference to 
iofor111ation on n1en1ber deformation capacities and the associated 
partial factors for the Ultin1ate Lin1it State for design or evaluation 
011 the basis of nonlinear analysIs methods. 

Threshold value of in1portance factor, fi, relating to the pern1itted 
use of analysis with two planar n10dels. 

~Overstrength factor Yd for diaphraQl11s.@lI 

Reduction factor v for displacenlents at dan1age limitation 1il11it 
state 

Geographical 1in1itations on use of ductility classes for concrete 
buildings. 

qo-value for concrete buildings subjected to special Quality Systenl • 

Plan. 

Material partial factors for concrete buildings in the seisnlic design 
situation. 

Minil11u111 web reinforcell1ent of large lightly reinforced concrete 
walls 

Minil11un1 cross-sectional din1ensions of concrete foundation 
beanls. 

MinilTIUI11 thickness and reinforcenlent ratio of concrete foundation 
slabs . 

. Minin1un1 reinforcenlent ratio of concrete foundation bean1s. 

Ductility class of precast wall panel systelTIs. 

~Reduction factors kp of behavior factors of precast systenls.@lI 

Seisnlic action during erection of precast structures. 

Minill1un1 longitudinal steel in grouted connections of large panel 



~6.1.2(1 )P<E£i] 

6.1.3(1) 

6.2(3) 

6.2 (7) 

6.5.5(7) 

6.7.4(2) 

~7.1.2(1)P@il 

7.1.3(1), (3) 

7.1.3(4) 

7.7.2( 4) 

~8.3(1)p@il 

19.2.1(1) 

9.2.2(1 ) 

9.2.3(1) 

9.2.4(1 ) 

9.3(2) 

9.3(2) 

9.3(3) 

9.3(4), Table 9.1 

9.3(4), Table 9.1 

9.5.l(5) 

9.6(3) 
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walls. 

Upper limit of q for low-dissipative structural behaviour concept; 
li111itat10ns on structural behaviour concept; geographical 
lil11itations on use of ductility classes for steel buildings. 

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

Overstrength factor for capacity desjgn of steel buildings. 

Inforn1atio11 as to how ~ EN 1993-1-10:2005 n1ay be used in 
the seis111ic design situation 

Reference to con1plen1entary rules on acceptable connection design 

Residual post-buckling resistance of cOll1pression diagonals in steel 
fraITIeS with V-bracings. 

Upper lin111 of q for low-dissipative structural behaviour concept; 
linlitatiol1s on structural behaviour concept; geographical 
1in1itatio11s on use of ductility classes for C0111posite steel-concrete 
buildings. 

Material partial factors for conlposite steel-concrete buildings in 
the seisnlic design situation. 

Overstrength factor for capacity design of COll1posi te steel-concrete 
buildings 

Stiffness reduction factor for concrete part of a conlposite steel-
concrete COlU11111 section 

Ductility class for tinlber buildings. 

Type of ll1asonry units with sufficient robustness. 

MinlnlU1TI strength of ll1asonry units. 

Mininlunl strength of n101'tar innlasonry buildings. 

Alternative classes for perpend joints in nlasonry 

Conditions for use of unreinforced nlasonry satisfying provisions 
of EN 1996 alone. 

Minimun1 efIective thickness of unrein forced nlasonry walls 
satisfying provisions of EN 1996 alone. 

MaxinlUt11 value of ground acceleration for the use of unrein forced 
n1asonry satisfying provisions of EN. 1998-1 

q-factor values in nlasonry buildings. 

q-factors for buildings with nlasonry systenls which provide 
enhanced ductility. 

GeoI11etric requirenlents for n1asonry shear walls. 

Material partial factors in n1asonry buildings in the seis111ic design 
situation. 
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9.7.2(1) 

9.7.2(2)b 

9.7.2(2)c 

9.7.2(5) 

10.3(2)P 
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Maximum nUluber of storeys and minimu111 area of shear walls of I 

"sinlple 111asonry building". 

Minimunl aspect ratio in plan of "sinlple luasonry buildings". 
I 

Maxinlum floor area of recesses in plan for "simple masonry i 

buildings" . 

Maximulu difference in mass and wa11 area between adjacent 
storeys of "simple nlaSOlliy buildings". 

Magnification factor on seismic displaceluents for isolation 
devices. 



1 GENERAL 

1.1 Scope 

1.1.1 Scope of EN 1998 

BS EN 1998-1 :2004 
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(1)P EN 1998 applies to the design and construction of buildings and civil 
engineering works in seisn1ic regions. Its purpose is to ensure that in the event of 
earthquakes: 

human lives are protected; 

dan1age is lin1ited; 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 sLlch 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 vv'ith 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 
daIns, 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, n1ust be observed for the design of structures in seismic 
regions. It c0111plements 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 
seisn1ic regions. It is subdivided in 10 Sections, SOine of 'which are specifically devoted 
to the design of buildings. 

(2) Section 2 of EN 1998-1 contains the basic perforn1ance requirements and 
conlpliance criteria applicable to buildings and civil engineering works in seisn1ic 
regions. 

(3) Section 3 of EN 1998-1 gives the ru1es for the representation of seismic actions 
and for their cOlnbination with other actions. Certain types of structures, dealt with in 
EN 1998-2 to EN 1998-6, need con1plen1enting rules which are given in those Parts. 

(4) Section 4 of EN 1998-1 contains genera1 design ru1es relevant specifically to 
buildings. 

(5) Sections 5 to 9 of EN 1998-1 contain specific rules for vanous structural 
nlaterials and elen1ents, relevant specifica11y to buildings as follows: 
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Section 5: Specific rules for concrete buildings; 

- Section 6: Specific rules for buildings; 

- Section 7: Specific rules for cOlnposite steel-concrete buildings; 

Section 8: Specific rules for timber buildings; 

Section 9: Specific rules for lllasonry buildings. 

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

J\OTE Specific rules for isolation of bridges are developed in EN 1998-2. 

(7) Annex C contains additional eletnents related to the design of slab reinforcenlent 
in steel-concrete conlposite beatns at beam-colunln joints of lnoment frames. 

NOTE Infol111ative Annex A and informative Annex B contain additional elements related to the 
elastjc displacement response spectrum and to target displacement for pushover analysis. 

1.1.3 Further Parts of EN 1998 

(1 )P Further Parts of ] 998 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 seisnlic aSSeSSl1lent and retrofitting of 
existing buildings; 

- E]'J 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 

(l)P This European Standard incorporates by dated or undated reference, provisions 
from other publications. These norn1ative 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 anlendment or revision. undated references the 
latest edition of the publication referred to applies (including amendnlents). 

1.2.1 General reference standards 

EN 1990 Eurocode - Basis of structural design 

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

EN 1993-1 1 Eurocode 3 - Design of steel structures Part 1-1: Genera] General 
rules 
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EN 1994-1-1 Eurocode 4 - Design of conlposite steel and concrete structures - Part 1 
1: General- C0111nl0n rules and rules for buildings 

EN 1995-1 1 Eurocode 5 - Design of tinlber structures - Part 1 1: General - Comll10n 
rules and rules for buildings 

EN 1996-1 1 Eurocode 6 Design of nlasonry structures Part 1-1: General -Rules 
for reinforced and unreinforced ll1asonry 

EN 1997-1 Eurocode 7 Geotechnical design - Part 1: General rules 

1.2.2 Reference Codes and Standards 

(1)P F or the application of EN 1998, reference sha] I be nlade to ~ EN 1990 to 
EN 1997 and to 1999@j). 

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

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

1090-2 Execution of steel structures and alunl111iul11 structures - Part 2: 
Technica1 requirel11ents for steel structures; 

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

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

prEN 12512 Tin]ber structures - Test nlethods - Cyclic testing of joints 111ade with 
111echanical fasteners. 

1.3 Assumptions 

(1) In addition to the general assunlptions of 1990:2002, 1.3, the following 
assunlption applies. 

(2)P It is assulned that no change in the structure wi]] 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 seisnlic 
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 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 1990:2002, 1.5 apply. 

17 



BS EN 1998-1 :2004 

EN 1998-1 :2004 (E) 

1.5.2 Further terms used in EN 1998-1 

(1) The following ternlS are used in 

behavioll r factor 

1998-1 @lIwith the following 111eanings: 

factor used for design purposes to reduce the forces obtained from a linear anaJysjs~ in 
order to account for the non-linear response of a structure~ associated with the Inaterial, 
the structural systenl and the design procedures 

~ capacity design 
design method in which elenlents of the structural system are chosen and suitably 
designed and detailed for energy dissipation under severe defonnations while all other 
structural elenlents are provided with sufficient strength so that the chosen ll1eans of 
energy dissjpation can be ll1aintained 

dissipative structure 
structure which is able to dissipate energy by nleans of ductile hysteretic behaviour 
and/or by other ll1echanisms 

dissipative zones 
predeternlined parts of a dissipative structure where the dissipative capabi1ities are 
nlainly located 

NOTE I These are also called critical 

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 

nOll-dissipative structure 
structure designed for a particular seismic design situation without taking into account 
the non-linear 111aterial behaviour 

non-structural element 
architectural, mechanical or electrical elenlent, systenl and conlponent which, whether 
due to lack of strength or to the way it is connected to the structure, is not considered in 
the seiS111ic design as load carrying elelnent 

primary seismic members 
meolbers considered as part of the stIuctural systenl that resists the seiSOlic action, 
olodelled in the analysis for the seisnlic design situation and fully designed and detailed 
for earthquake resistance in accordance with the lules of 1998 

secondary seismic members 
ll1elllbers which are not considered as part of the seismic action resisting systenl and 
whose strength and stiffness against seisnlic actions is neglected 
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NOTE 2 They are n01 
detailed to maintain 
seismic design situation. 

to comply with all tbe rules of EN 1998, but are and 
of gravity loads when subjected to the displacements caused by the 



1.6 Symbols 

1.6.1 General 
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(1) The syn1bols indicated in EN 1990:2002, 1.6 apply. For the n1aterial-dependent 
symbols, as well as for syn1bols not specifically related to earthquakes, the provisions of 
the relevant Eurocodes apply. 

(2) Further syn1bols, used in connection with seisn1ic actions, are defined in the text 
where they occur, for ease of use. However, in addition, the n10st 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 

ACd design value of seisn1ic action ( = f1.AEk) 

AEk characteristic value of the seisn1ic action for the reference return period 

Ed design value of action effects 

NSPT Standard Penetration Test blow-count 

PNCR reference probability of exceedance in 50 years of the reference seisnlic action 
for the no-collapse requiren1ent 

Q variable action 

SeCT) elastic horizontal ground acceleration response spectrmTI also called "elastic 
response spectruln". At T=O, the spectral acceleration given by this spectrun1 
equals the design ground acceleration on type A ground nlultiplied by the soil 
factor S. 

Sve(T) elastic vertical ground acceleration response spectrunl 

SDe(T) elastic displacenlent response spectrunl 

[§)Sd(T) design spectrunl (for elastic analysis). ~ 

S soil factor 

T vibration period of a linear single degree of freedOlTI systenl 

Ts duration of the stationary part of the seisnlic n10tion 

TNCR reference return period of the reference seisnlic action for the no-collapse 
requirenlent 

agR reference peak ground acceleration on type A ground 

ag design ground acceleration on type A ground 

avg design ground acceleration in the vertical direction 

Cu undrained shear strength of soil 

dg design ground displacenlent 

g acceleration of gravity 

q behaviour factor 
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Vs,30 average value of propagation velocity of S waves in the upper 30 111 of the soil 
profi I e at shear strain of 10-5 or less 

)1 i111portance factor 

'7 damping correction factor 

? viscous danlping ratio (in percent) 

1j/2,i conlbination coefficient for the quasi-pern1anent value of a variable action i 

conlbination coefficient for a variable action i, to be used when deternlil1ing the 
effects of the design seisnlic action 

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

effect of the seisnlic action 

EEdx, EEdy design values of the action effects due to the horizontal C0111pOnents (x 
andy) of the seisnlic action 

design value of the action effects due to the vertical conlponent of the seisll11c 
action 

horizontal seisn1ic force at storey i 

Fa horizontal seisll1ic force acting on a non-structural elenlent (appendage) 

Fb base shear force 

H building height fro111 the foundation or from the top of a rigid basenlent 

Lmax , Lmin larger and smaller in plan dinlension of the building 111easured 111 

orthogonal directions 

Rd design value of resistance 

Sa seisnlic coefficient for non-structural elelnents 

TI fundanlental period of vibration of a building 

Ta fundanlental period of vibration of a non-structural elenlent (appendage) 

Wa weight of a non-structural elenlent ( appendage) 

d displacell1ent 

dr design interstorey drift 

ea accidental eccentricity of the mass of one storey fronl its non1inallocation 

h interstorey height 

l11i ll1ass of storey i 

11 nU111ber of storeys above the foundation or the top of a rigid basement 

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

qd displacenlent behaviour factor 

Si displacenlent of lTIaSS mj in the fundanlentallTIode shape of a building 

Zj height of mass l11i 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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Xl in1portance factor of a non-structural elenlent (appendage) 

J'cl overstrength factor for diaphragms 

f) interstorey drift sensitivity coefficient 

1.6.4 Further symbols used in Section 5 of EN 1998-1 

Ac Area of section of concrete nlen1ber 

total area of horizontal hoops in a beal11-colun111 joint 

Asi total area of steel bars in each diagonal direction of a coupl1ng beam 

area of one leg of the transverse reinforcenlent 

Asv total area of the vertical reinforcenlent in the web of the wall 

Asv,i total area of colunln vertical bars between corner bars in one direction through a 
joint 

Aw total horizontal cross-sectional area of a wall 

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

IAsj sunl of areas of vertical bars of web in a wall, or of additional bars arranged in 
the wall boundary elen1ents specifically for resistance against sliding shear 

IU{b sun1 of design values of 1110nlents of resistance of the beams franling into a joint 
in the direction of interest 

IMRc SUlll of design values of the nlOl11ents of resistance of the co]unlns framing into a 
joint in the direction of interest 

Do dianleter of confined core in a circular colunln 

lv1.,d end nl0nlent of a bea111 or colunln for the calculation of its capacity design shear 

lvfRb,i design value of beanl 1110111ent of resistance at end i 

MRc,i design value of coIunll1 l11Ol11ent of resistance at end i 

axial force fron1 the analysis for the seisnlic design situation 

TJ fundan1ental period of the building in the horizontal direction of interest 

Tc corner period at the upper 1inlit of the constant acceleration region of the elastic 
spectrum 

V' Ed shear force in a wall fronl the analysis for the seisl11ic design situation 

Vdd do\vel resistance of ver6cal bars in a wall 

VEd design shear force in a wall 

VEd,max ll1axill1unl acting shear force at end section of a bean1 fron1 capacity design 
calculation 

VEd,min 111inin1un1 acting shear force at end section of a bean1 frOln capacity design 
calculation 

Vfd contribution of frjction to resistance of a wall against sliding shear 

Vic! contribution of inclined bars to resistance of a wall against sliding shear 
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VRd,c design value shear resistance for 111enlbers without shear reinforcenlent in 
accordance with EN 1992-1-1 :2004 

design value of shear resistance against sliding 

b width of bottonl flange of beanl 

he cross-sectional dinlension of column 

beff effective flange width of beanl in tension at the face of a supporting co1ulnn 

b i distance between consecutive bars engaged by a corner of a tie or by a cross-tie 
in a colu111n 

width of confined core in a COlU111n or in the boundary elelnent of a wall (to 
centreline of hoops) 

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

bwo thickness of web of a wall 

d effective depth of section 

dbL longitudinal bar dianleter 

dbw dia111eter of boop 

f~d design value of concrete conlpressive strength 

nlean value of tensile strength of concrete 

design value of yield strength of steel 

f;d, h design value of yield strength of the horizontal web reinforcenlent 

f~d, v design value of yield strength of the ve11ical web reinforcelnent 

f~lcl design value of yield strength of the longitudinal reinforcelnent 

design value of yield strength of transverse reinforcenlent 

h cross-sectional depth 

he cross-sectional depth of colunln in the direction of interest 

hr flange depth 

hie distance between extrenle layers of column reinforcenlent In a beanl-column 
joint 

hjw distance between beam top and bottom reinforcement 

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

hs clear storey height 

hw height of wall or cross-sectional depth of bean1 

kD factor reflecting the ductility class in the calculation of the required cohllnn 
depth for anchorage of bean1 bars in a joint, equal to 1 for DCB and to for 
DCM 

k..v factor reflecting the prevailing failure nl0de in structural systenls with walls 

lei clear length of a beanl or a COlU111n 

fer length of critical region 
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Ii distance between centrelines of the two sets of inclined bars at the base section 
of walls with inclined bars against sliding shear 

Iw length of cross-section of wall 

n total nunlber of longitudinal bars laterally engaged by hoops or cross ties on 
perinleter of colunln section 

qo basic value of the behaviour factor 

s spacing of transverse reinforcenlent 

Xu neutral axis depth 

z internal lever arnl 

a confinelnent effectiveness factor, angle between diagonal bars and aX1S of a 
coupling bean1 

ao prevailing aspect ratio of walls of the structural systeln 

al nlultiplier of horizontal design seisnlic action at fornlation of first plastic hinge 
in the systelTI 

au nlultiplier of horizontal selsnllC design action at fonnation of global plastic 
lnechanisnl 

rC partial factor for concrete 

)1~d nl0del uncertainty factor on design value of resistances in the estinlation of 
capacity design action effects, accounting for various sources of overstrength 

rs partial factor for steel 

CC1l2 ultill1ate strain of unconfined concrete 

CC1l2,c ultinlate strain of confined concrete 

csu,k characteristic value of ultilTIate elongation of reinforcing steel 

Csy,d design value of steel strain at yield 

77 reduction factor on concrete conlpressive strength due to tensile strains 111 

transverse direction 

ratio, VEd,l11in/VEd,l11<lx, between the nlinilTIUll1 and nlaxinlunl acting shear forces at 
the end section of a beanl 

J1f concrete-to-concrete friction coefficient under cyclic actions 

J1IP curvature ductility factor 

,lie) displacenlent ductility factor 

v axial force due in the seisnlic design situation, nornlalised to AC.!cd 

~ nonnalised neutral axis depth 

p tension reinforcenlent ratio 

p' conlpression steel ratio in beanls 

O"CI11 mean value of concrete normal stress 
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pn reinforcen1ent ratio of horizontal web bars in a wall 

PI total10ngitudinal reinforcen1ent ratio 

n1aximunl allowed tension steel ratio in the critical region of prilnary seisll1ic 
beanls 

pv reinforcen1ent ratio of vertical web bars in a wall 

pw shear reinforcen1ent ratio 

(V V 111echanical ratio of vertical web reinforcen1ent 

a~vd ll1echanical volUlnetric ratio of confining reinforcen1ent 

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

L beanl span 

design bending n10ment fron1 the analysis for the seisn1ic design situation 

Alpl,RdA design value of plastic lnoment resistance at end A of a n1enlber 

N/pl,RdB design value of plastic n10nlent resistance at end B of a melnber 

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

NEd,E axial force fron1 the analysis due to the design seislnic action alone 

NEd,G axial force due to the non-seisnlic actions included in the conlbination of actions 
for the seisnlic design situation 

design value of yield resistance in tension of the gross cross-section of a nlen1ber 
in accordance with ~EN 1993-1-1 :2005 

NRcI(MEd , VEd) design value of axial resistance of colunln or diagonal in accordance with 
~ EN 1993-1 1 :2005@j], taking into account the interaction with the bending 
nlonlent A1Ec! and the shear in the seismic situation 

Rei resistance of connection in accordance with ~EN 1993-1-1 :2005@j] 

Rfy plastic resistance of connected dissipative men1ber based on the design yield 
stress of In ate rial as defined in ~EN 1993-1-1:2005@j]. 

VEd design shear force fron1 the analysis for the SeiS111ic design situation 

shear force due to the non seisnlic actions included in the combination of actlons 
for the SeiS111ic design situation 

shear force due to the application of the plastic monlents of resistance at the two 
ends of a beanl 

1>'pl,Rd design value of shear resistance of a ll1en1ber in accordance with ~ EN 1993-
1-1:2005 

Vwp,Ed design shear force in web panel due to the design seismic action effects 

design shear resistance of the web panel in accordance with ~ EN 1993- 1-1: 
2005@j] 

e length of seisnlic link 

nominal yield strength of steel 

~f;!,l11ax upper va1ue of the yield strength of steel @j] 
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tw web thiclu1ess of a seisn1ic link 

tf flange thickness of a seisnlic link 

BS EN 1998-1 :2004 
EN 1998-1 :2004 (E) 

Q n1ultiplicative factor on axial force iVEd.E frOl11 the analysis due to the design 
seisn1ic action, for the design of the non-dissipative members in concentric or 
eccentric braced frallles per C1. 6.7.4 and 6.8.3 respectively 

a ratio of the sn1aller design bending n10n1ent J.Mi~d,A at one end of a seisn1ic link to 
the greater bending n10n1ents Nfcd,B at the end where plastic hinge forms, both 
monlents taken in absolute value 

al n1ultiplier of horizontal design seislnic action at forn1ation of first plastic hinge 
in the system 

au multiplier of horizontal selsn1lC design action at formation of global plastic 
mechanism 

)1M partial factor for nlaterial property 

rOY n1aterial overstrength factor 

5 beanl deflection at n1idspan relative to tangent to bean1 axis at beanl end (see 
Figure 6.11) 

JI)b multiplicative factor on design value Npl,Rd of yield resistance in tension of 
con1pression brace in a V bracing, for the estilnation of the unbalanced seisn1ic 
action effect on the beal11 to which the bracing is connected 

rs partial factor for steel 

Bp rotation capacity of the plastic hinge region 

A non-din1ensional slendell1ess of a n1el11ber as defined in ~EN 1993-1-1 :2005@J] 

1.6.6 Further symbols used in Section 7 of EN 1998-1 

ApI horizontal area of the plate 

Ea Modulus of Elasticity of steel 

Eem mean value of Modulus of Elasticity of concrete in accordance with EN 1992-1-1: 
2004 

la second n10nlent of area of the steel section part of a composite section, with 
respect to the centroid of the COlllposite section 

Ie second n10n1ent of area of the concrete part of a conlposite section, with respect 
to the centroid of the con1posite section 

leq equivalent second tllOment of area of the con1posite section 

Is second n10n1ent of area of the rebars in a conlposite section, with respect to the 
centroid of the composite section 

Mpl,Rd,e design value of plastic mon1ent resistance of co]un111, taken as lower bound and 
con1puted taking into account the concrete con1ponent of the section and only 
the steel con1ponents of the section classified as ductile 
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MU,Rd,b upper bound plastic resistance of beat11, conlputed taking into account the 
. concrete conlponent of the section and all the steel conlponents in the section, 
including those not classified as ductile 

Vwj1,[d design shear force in web panel, C0111puted on the basis of the plastic resistance 
of the adjacent dissipative zones in beanls or connections 

Vwp,Rd design shear resistance of the C0111posite steel-concrete web panel in accordance 
with 1994-1-1 :2004 

b width of the flange 

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

be partial effective width of flange on each side of the steel web 

beff total effective width of concrete flange 

bo width (minlnlu111 dinlension) of confined concrete core (to centreline of hoops) 

dbL dianleter of longitudinal rebars 

dbw diameter of hoops 

design yield strength of steel 

f~df design yield strength of steel in the flange 

f~d\V design strength of web reinforcenlent 

hb depth of conlposite beam 

he depth of conlposite colunln section 

kr rib shape efficiency factor of profiled steel sheeting 

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

lei clear length of colunln 

IeI' length of critical region 

11 steel-to-concrete 1110dular ratio for short tenn actions 

q behaviour factor 

r reduction factor on concrete rigidity for the calculation of the stiffness of 
COll1posite colunlns 

tf thickness of f1ange 

Yc partial factor for concrete 

partial factor for nlaterial property 

YOY nlaterlal overstrength factor 

Ys partiaJ factor for steel 

8(1 total strain of steel at Ultin1ate Limi t State 

8cu2 uHinlate c0111pressive strain of unconfined concrete 

17 nlinimunl degree of connection as defined in 6.6.1.2 EN 1994-1-1 :2004 
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Modul us of Elasticity of tilTIber for instantaneous loading 

b width of tilTlber section 

d fastener-dianleter 

h depth of tinlber beanls 
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kmod modification factor for instantaneous loading on strength of timber ll1 

accordance with EN 1995-1-1 :2004 

q behaviour factor 

rM partial factor for n1aterial properties 

1.6.8 Further sym boIs used in Section 9 of EN 1998-1 

ag,urm upper value of the design ground acceleration at the site for use of unreinforced 
lTIaSOl1ry satisfying the provisions of Eurocode 8 

Amin total cross-section area of nlasonry walls required in each horizontal direction 
for the rules for "Si111ple nlasonry buildings" to apply 

~.fb,min nonnalised compressive strength of nlaS01ll~y units nor111a1 to the bed face~ 

IAC,),fbh,min nonl1alised c0111pressive strength of ll1asonry units parallel to the bed face in 
the plane of the wall ~ 

fm.lllin Ininin1uln strength for n10rta1' 

h greater clear height of the openings adjacent to the wall 

hef effective height of the wall 

length of the wall 

n nUlnber of storeys above ground 

pA,min MininlU111 sunl of horizontal cross-sectional areas of shear walls 111 each 
direction, as percentage of the total floor area per storey 

Pmax percentage of the total floor area above the level 

q behaviour factor 

ter effective thickness of the wall 

lTIaxin1Un1 difference in horizontal shear wall cross-sectional area between 
adjacent storeys of "SilTIp1e lTIaSonry buildings" 

Llm,max n1axinlun1 difference in mass between adjacent storeys of "simple nlasonry 
buildings" 

/'111 partial factors for 111aS0111), properties 

rs 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 

Kerr effective stiffness of the isolation systenl in the principal horizontal direction 
under consideration~ at a displacement equal to the design displacement ddc 

Kv total stiffness of the isolation systenl in the vertical direction 

Kxi effective stiffness of a given unit i in the x direction 

Kyi effective stiffness of a given unit i in the y direction 

Tcrr effective fundanlental period of the superstnlcture conesponding to horizontal 
translation, the superstructure assunled as a rigid body 

Tr fundamental period of the superstructure assunled fixed at the base 

Tv fundanlental period of the superstructure in the vertical direction, the 
superstructure assunled as a rigid body 

M nlass of the superstructure 

lo/f~ nlagnitude 

design disp]acenlent of the effective stifIness centre in the direction considered 

ddb total design displacement of an isolator unit 

total eccentricity in the y direction 

,/j' horizontal forces at each levelj 

ry torsional radius of the isolation 

(Xi~Yi) co-ordinates of the isolator unit i relative to the effective stiffness centre 

bi anlplificatioll factor 

"effective danlping" 

1. 7 S.l. Units 

(l)P S.1. Units in accordance with ISO 1000 shall be used. 

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

- forces and loads: kN, kN/nl, kN/nl 

unit 111ass: 

- l11ass: 

unit weight: 

stresses and strengths: 

kg/n13, ~tonne/n13@1] 

kg, ~ tonne @1] 

kN/n13 

2 2 ') 
N/nlm (= MN/m or MPa)~ kNhn"" (=kPa) 

- nloments (bending, etc): kNm 

- acceleration: 
2 ') 

mis, g (=9,81 111/s"") 
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2 PERFORMANCE REQUIREl\1ENTS AND COIVIPLIANCE CRITERIA 

2.1 Fundamental requirements 

(1)P Structures in seis111ic regions shall be designed and constructed in sllch a way 
that the following requirenlents are ll1et, each with an adequate degree of reliabi I ity. 

No-collapse requirenlent. 

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 seisll1ic events. 
The design seisll1ic action is expressed in tenus of: a) the reference seis111ic action 
associated with a reference probability of exceedance, P~CR, in 50 or a 
reference return period, and b) the in1portance factor }1 (see EN J 990:2002 
and (2)P and (3)P of this clause) to take into account reliability differentiation. 

NOTE 1 The values to be ascribed 10 or 10 for use in a country may be found in its 
National Annex of this document. The recommended values are =)0<% and = 475 
years. 

NOTE 2 TIle value of the probability of exceedance, PRo in TL years of a level of the 
seismic action is related 10 the mean return period, TH, of this level of lhe seismic action in 
accordance with the expression -TL / InC 1 PR)' So for given h. the seismic action may 
equivalently be specified either via its mean return period, or its probabi I i1y of exceedclllce, 

in TL years. 

Damage lin1itation requiren1ent. 

The structure shall be designed and constructed to withstand a seis1111c action 
having a larger probability of occurrence than the design seis111ic action, without the 
occurrence of danlage and the associated lilnitations of use, the costs of which 
would be disproportionately high in con1parison with the costs of the structure 
itself. The seisll1ic actio11 to be taken into account for the "dan1age linlitation 
requiren1ent" has a probability of exceedance, PDLR, in 10 years and a return period, 
TDLR. In the absence of n10re precise info1111ation, the reduction factor applied on 
the design seisn1ic action in accordance with 4.4.3.2(2) may be used to obtain the 
seisluic action for the verification of the dmnage lilnitation requirement. 

NOTE 3 The values to be ascribed 10 or to TDLR for use in a country may be found in its 
National Annex of this document. The recommended values are P DLR = 10% and TDLR 95 years. 

(2)P Target reliabilities for the no-col1apse requirenlent and for the damage li111itation 
requireluent are established by the National Authorities for different types of buildings 
or civil engineering works on the basis of the consequences of fai1ure. 

(3)P Reliability differentiation is inlplen1ented by classifying structures into difIerent 
ilnportance classes. An in1portance factor }1 is assigned to each in1portance 
Wherever feasible this factor should be derived so as to correspond to a higher or lower 
value of the return period of the seisn1ic 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 
seisnlic act10n or, when using linear analysis, the corresponding action effects by this 
inlportance factor. Detailed guidance on the itnportance 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(OC!.R), of the reference peak ground 
acceleration (/'2R may be taken to vary with G"R as: ) ~ ko aQR·

k
, 'vvith 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 acceJeration agl{, the value of the 
importance t~lctor )1 multiplying the reference seismic action to achieve the same probability of 
exceedance in years as in the years for which the reference seismic action is may 
be computed as }i ~ (TrR/Td Alternatively, the value of the importance factor )i that needs to 
multiply the reference seismic action to achieve a value of the probability of the 
seismic PL, in h years oiher than the reference probabiJity of exceedance 
same TL years. may be estimated as FI ~ 

2.2 Compliance Criteria 

2.2. t General 

(l)P In order to satisfy the fundmnental requiren1ents in 2.1 the following lin1it states 
shall be checked (see 2.2.2 and 2.2.3): 

ultin1ate lilnit states; 

dmnage li111itation states. 

Ultilnate lin1it states are those associated with collapse or with other fonns of structural 
failure which n1ight endanger the safety of people. 

Dan1age limitation states are those associated with danlage beyond which specified 
service requiren1ents are no longer Inet. 

(2)P In order to li1nit the uncertainties and to promote a good behaviour of structures 
under seisInic actions Inore severe than the design seis111ic action, a nUlnber of pertinent 
specific Ineasures 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 fundalnental requirenlents 111ay be satisfied through the application of 
rules sin1pler than those given in the relevant Parts of EN 1998. 

(4) In cases of very low SeiS111icity, the provisions of 1998 need not be observed 
(see 3.2.1(5) and the notes therein for the definition of cases of very low seisnlicity). 

(5) Specific rules for "sin1ple 111asonry buildings" are given in Sectio11 9. By 
confornling to these rules, such "sinlple Inasonry buildings" are deen1ed to satisfy the 
fundamental requirelnents of EN 1998-1 without analytical safety verifications. 

2.2.2 Ultimate limit state 

(l)P It shall be verified that the structural systen1 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 
ternlS such balance between resistance and energy-dissipation capacity is characterised 
by the values of the behaviour factor q and the associated ductility classificatiol1\ which 
are 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 111ay not be taken, in general, as greater than 
the value of 1,5 considered to account for overstrengths. For steel or composite steel 
concrete buildings, this linliting value of the q factor l11ay be taken as being between 1,5 
and 2 (see Note 1 of Table 6.101' Note 1 of Table 7.1~ respectively). For dissipative 
structures the behaviour factor is taken as being greater than these lin1iting values 
accounting for the hysteretic dissipation that ll1ainly occurs in specifically 
designed zones, called dissipative zones or critical regions. 

NOTE The value of the behaviour factor q should be limited by the limit stale of dynamic 
of the structure and by the damage due to t~ltigue of structural details 

connections). The most ~ unfavourable limiting condition should be applied ~ 
when the values of the q factor are determined. The values of the q factor in the variolls 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 seis111ic 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 elenlents and the foundation soil are 
able to resist the action effects resulting fron1 the response of the superstructure without 
substantial pernlanent defornlations. In determlning the reactions, due consideration 
shall be to the actual resistance that can be developed by the structural e]enlent 
trans111i tting 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 seisll1ic action the behaviour of 110n
structural elen1ents does not present risks to persons and does not have a detrilllental 
effect on the response of the structural elenlents. For buildings, specific rules are given 
in 4.3.5 and 4.3.6. 

2.2.3 Damage limitation state 

(l)P An adequate of reliability against unacceptable danlage shall be ensured 
by satisfying the defoI111ation linlits or other relevant Iil11its defined in the Parts 
of EN 1998. 

(2)P In structures in1portant for civil protection the structural systen1 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 seisn1ic event associated with an appropriate return 
period. 
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2.2.4 Specific measures 

2.2.4.1 Design 

(I) To the extent possible~ structures should have siJnple and regular fOrIllS 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 overa1l dissipative and ductile behaviour, brittle failure or 
the pren1ature formation of unstable lllechanisllls shall be avoided. To this end, where 
required in the relevant Parts of EN 1998, resort shall be lnade to the capacity design 
procedure, which is used to obtain the hierarchy of resistance of the various structural 
conlponents and failure 1110des necessary for ensuring a suitable plastic 111echanisl1l and 
for avoiding brittle failure modes. 

(3)P Since the seismic perforn1ance of a structure is largely dependent on the 
behaviour of its critical regions or elen1ents, the detailing of the structure in general and 
of these regions or elen1ents in particular, shall be such as to 111ainta1n the capac1ty to 
transl11it the necessary forces and to dissipate energy under cyclic conditions. To this 
end, the detailing of connections between structural elen1ents 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 1110del, which, when 
necessary, shan take into account the influence of soil deformability and of 11on
structural elen1ents and other aspects, such as the presence of adjacent stIllctures. 

2.2.4.2 Foundations 

(l)P The stiffness of the foundations shall be adequate for trans111itting the actions 
received from the superstructure to the ground as unifoT111ly 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 dynan1ically independent units. 

2.2.4.3 Quality system plan 

(l)P The design dOCU111ents shall indicate the sizes, the details and the characteristics 
of the n1aterials of the stlllctural elen1ents. If appropriate, the design docun1ents shall 
also include the characteristics of special devices to be used and the distances between 
structural and non-structural elelnents. The necessary quality control provisions shall 
also be given. 

(2)P Elen1ents of special stlllctural importance reqUlnng special checking during 
construction shall be identified 011 the design drawings. In this case the checking 
n1ethods to be used shall also be specified. 

(3) In regions of high seis111icity and in structures of special importance, [orl11a1 
quality system plans, covering design, construction, and use, additional to the control 
procedures prescribed in the other re1evant EUfocodes, should be used. 
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3.1 Ground conditions 

3.1.1 General 
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(l)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 nornlally 
be free fronl risks of ground rupture, slope instability and pennanent settlements caused 
by liquefaction or densification in the event of an earthquake. The possibility of 
occunence of such phenomena shall be investigated in accordance with EN 1998-
5:2004, Section 4. 

(4) Depending on the inlportance class of the structure and the particular conditions 
of the project, ground investigations and/or geological studies should be performed to 
deten11ine the seismic action. 

NOTE The conditions under which ground investigations additional 10 those necessary for 
design for non-seismic actions may be omitted and default ground classification may be llsed 
may be specified in the National Annex. 

3.1.2 Identification of ground types 

(1) Ground types A, B, C, D, and described by the stratigraphic profiles and 
parameters given in Table 3.1 and described hereafter, nlay be used to account for the 
influence of local ground conditions on the seisl11ic action. This 111ay also be done by 
additionally taking into account the influence of deep geology on the SeiS111ic 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, and 
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 Paranleters 
type 

Vs.30 (n1/ s) 

A Rock or other rock-like geological > 800 
forn1atiol1, including at 1110st 5 nlof 
weaker Inaterial at the surface. 

S Deposits of very dense sand, gravel, or 360 - 800 
very stiff clay, at least several tens of 
n1etres in thickness, characterised by a 
gradual increase of mechanical 
properties with depth. 

C Deep deposits of dense or mediunl- 180 360 
dense sand, grave] or stiff clay with 
thickness froln several tens to n1any 
hundreds of ll1etres. 

D Deposits of 100se-to-n1edium < 180 
cohesionless soil (with or without S0111e 
soft cohesive layers), or of 
predon1inantly soft-to-finn cohesive 
soil. 

E A soil profile consisting of a surface 
al1uviu111 layer with V5 values of type C 
or D and thickness varying between 
about 5 m and 20 111, underlain by 
stiffer material with Vs 800 111/S. 

SI Deposits consisting, or containing a < 100 
layer at least lOIn thick, of soft 

(indicative) 
clays/silts with a high plasticity index 
(PI> 40) and high water content 

Deposits of liquefiable soils, of 
sensitive clays, or any other soil profile 
not included in types A E orSI 

eLi (kPa) 
(blows/30cm) 

> 50 > 250 

15 - 50 70 250 

l5 < 70 

10 - 20 

(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 NSPT should be used. 

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

30 
(3.1 ) 
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where hi and Vi denote the thickness (in Inetres) and shear-wave velocity (at a shear 

strain level of 10-5 or less) of the i-th formation or layer, in a total of N, existing in the 
top 30 111. 

(4)P For sites with ground conditions 111atching either one of the two special ground 
types SI or S2, special studies for the definition of the seismic action are required. For 
these types, and particularly for S2, 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 SI' Such soils typically 
have very low values of 10\<\,1 internal damping and an abnormally extended range of linear 
behaviour and can therefore produce anomalous seismic site amplification and soil-structure 
interaction etTects (see EN 1998-5:2004, Section 6). In this case, a study to define the 
seismic action should be carried out, in order to establish the dependence of the response 
spectrum on Ihe thickness and v, value of the soft clay/silt layer and on the stitTness contrast 
between this layer and the underlying materials. 

3.2 Seismic action 

3.2.1 Seismic zones 

(l)P F or the purpose of EN 1998, national telTitories shall be subdivided by the 
National Authorities into seisn1ic zones, depending on the local hazard. By definition, 
the hazard within each zone is assun1ed to be constant. 

(2) For n10st of the applications of EN 1998, the hazard is described in terms of a 
single paral11eter, i.e. the value of the reference peak ground acceleration on type A 
ground, agR. Additional paraIneters required for specific types of structures are given in 
the relevant Parts of 1998. 

NOTE The reference peak ground acceleration on type A ground, 0gR, for use in a coulltry or 
parts of the country, may be derived from zonation maps t()und in its National Annex. 

(3) The reference peak ground acceleration, chosen by the National Authorities for 
each SeiS111ic 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(l)P). An in1portance 
factor Ii equal to 1,0 is assigned to this reference return period. For return periods other 
than the reference (see in1portance classes in 2.t(3)P and (4), the design ground 
acceleration on type A ground is equal to tin1es the in1portance factor Ii (ag 

li.agR). (See Note to 2.1(4)). 

(4) In cases of low seisn1icity, reduced or sin1plified seisn1ic design procedures for 
certain types or categories of structures lnay be used. 

NOTE The selection of the categories of structures, ground types and seismic zones in country 
for which the provisions of low seismicity apply may be found in its Nalional Annex. It is 
recommended to consider as low seismicity cases either those in which the ground 
acceleration on type A ground, is not greater than 0,08 g or those 'vvhere the 
product 0il'S is not greater than 0, g (0,98 m/s:\ The selection of whether tbe value of 0'.C., or that 
of the product Og.S will be used in a country to define the threshold for low cases, may 
be found in its National Annex. 

(5)P In cases of very low seisn1icity, 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 Ei\ 1998 provisions need not be observed of very low seismicity) may be 
found in its i\ational Annex. It is recommended to consider as very low seismicity cases either 
those in which the design ground acceleration on type A ground, 0", is 110t greater than g 

or those where the product is not than O,OS g (0,49 m/s\ The selection 
of whether the value of 0", or that of the product will be llsed in a country' 10 define the 
1hreshold for very low seismicity cases, can be 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 n10tion at a given point on the 
surface is represented by an elastic ground acceleration response spectrunl, henceforth 
called an "elastic response spectru111". 

(2) The shape of the elastic response spectrun1 is taken as being the same for the two 
levels of seisnlic action introduced in 2.1(1)P and 2.2.1 (1)P for the no-collapse 
requiren1ent (ultinlate lill1it state design seislnic action) and for the dan1age limitation 
requirement. 

(3)P The horizontal seismic action is described by two orthogonal cOll1ponents 
assumed as being independent and represented by the sall1e response spectrulll. 

(4) For the three cOlnponents of the seis111ic action, one or 1110re alternative shapes 
of response spectra n1ay be adopted, depending on the seislnic sources and the 
earthquake nlagnitudes generated from thenl. 

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

NOTE 2 In selecting the appropriate of the spectrum, consideration should be 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 the M.axil1lul1l 
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 seisnlic action to be adequately represented. In such circulnstances, different 
values of ag willnor111ally be required for each type of spectrun1 and earthquake. 

(6) For in1portant structures (;V[ > 1,0) topographic atnplification effects should be 
taken into account. 

NOTE Informative Annex A of EN J 998-5:2004 provides information for 
amplitlcation effects. 

(7) Tilne-history representations of the earthquake 1110tion ll1ay be used (see 3.2.3). 

(8) Allowance for the variation of ground 1110tion in space as well as tinle 111ay be 
required for specific types of structures (see EN 1998-2, 1998-4 and EN 1998-6). 
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3.2.2.2 Horizontal elastic response spectrum 

(l)P For the horlzontal cOlnponents of the seislnic action~ the elastic response 
spectrulll SeCT) is defined by the following expressions (see Figure. 3.1): 

(3.2) 

(3.3) 

(3.4) 

(3.5) 

where 

Se( T) is the elastic response spectruln; 

T is the vibration period of a linear single-degree-of-freedo111 system; 

ag is the design ground acceleration on type A ground (ag = }1.agR); 

TB is the lower limit of the period of the constant spectral acceleration branch; 

T c is the upper linlit of the period of the constant spectral acceleration branch; 

To is the value defining the beginning of the constant displacement response range 
of the spectruln; 

S is the soil factor; 

7J is the dalnping correction factor with a reference value of 77 = 1 for 50/0 viscous 
dalnping, see (3) of this subclause. 
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2,5S11 

s 
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Figure 3.1: Shape of the elastic response spectrum 

(2)P The values of the periods TB, and T D and of the soil factor S describing the 
shape of the elastic response spectrU111 depend upon the ground type. 

NOTE I The values to be ascribed to Te. TD and S for each ground type and type (shape) of 
spectrum to be Llsed in a country may be found in its National Annex. If deep geology is not 
accounted for 3.1.2(1) ), the recommended choice is the use of two 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 s, not greater 
than 5,5, it is recommended that the Type 2 spectrum is adopted. For the five ground types A, B, 
C, 0 and E the recommended values of the parameters S, Te and TD are 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 Og. 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 I elastic response spectra 

Ground type S TB (s) Te (s) To (s) 

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 1,35 020 0,8 2,0 

E 1,4 0,]5 0,5 2,0 
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Table 3.3: Values of the parameters describing the recommended Type 2 elastic response spectnl 

Ground type S TI3 (s) Tc (s) TD (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 J,2 

0 1,8 0,10 0,30 1,2 

E 1,6 0,05 0,25 J ,2 

4 

2 

() .. , ............. , ......................................... , ............. , .... ......... , ............ ; ... .......... ; ............. ;, ... .......... , ..... . , ............ , ........... " ............. ,' ............ " ............ ' ........ ... .. , ...... .. ..... , ........... . ; .. ........... ; 

() '). 3 I' 4 

Figure 3.2: Recommended Type 1 elastic response spectra for ground types A to E (5(1.1 damping) 

o 1 3 
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 SI and special studies sllould provide the corresponding values of S, 
T13 , ancl 

(3) The value of the damping correction factor '7 ll1ay be detern1ined by the 
expreSSIon: 

(3.6) 

where~ is the viscoLls damping ratio of the structure, expressed as a percentage. 

(4) If for special cases a viscous dan1ping ratio different from 5% is to be used, this 
valLIe is given in the relevant Part of EN 1998. 

(5)P The elastic displacement response spectnuTI, SDeeD, shall be obtained by direct 
transformation of the elastic acceleration response spectrun1, SeCT), using the following 
expressIon: 

(3.7) 

(6) Expression (3.7) should n0I111ally be applied for vibration periods not exceeding 
4,0 s. For structures with vibration periods longer than 4,0 s, a t110re cOlnplete definition 
of the elastic displacen1ent spectrun1 is possible. 

NOTE For the Type 1 elastic response spectrum referred to in Note I 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 s, the elastic acceleration response spectrum may be derived from the 
elastic displacement response spectrum inverting expression (3.7). 

3.2.2.3 Vertical elastic response spectrum 

(I)P The vertical con1ponent of the seisn1ic action shall be represented by an elastic 
response spectrum, Sve(T), derived using expressions (3.8)-(3.11). 
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(3.9) 

(3.10) 

(3.11 ) 

NOTE The values 10 be ascribed to Trh TD and O\Q 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 LIse 
of two 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 probabi1istic hazard assessment have a surface-wave 
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magnitude, lvL not than 55, it is recommended that the Type 2 spectrum is adopled. For 
lhe five ground types A, B, 0 and E the recommended values of the parameters describing the 
vertical spectra are given in Table 3.4. These recommended values do not for special 
ground types 51 and 51. 

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

Spectrum Cl,,/au TI3 (s) Te (s) Tf) (s) 

i Type I 0,90 0,05 0,15 LO 

Type 2 0,45 0.05 0,15 LO 

3.2.2.4 Design ground displacement 

(1) Unless special studies based on the available infornlation indicate otherwise, the 
design ground displacement dg, corresponding to the design ground acceleration, may 
be estil11ated by Ineans of the following expression: 

(3.12) 

with Qg, S, Tc and TD as defined in 3.2.2.2. 

3.2.2.5 Design spectrum for elastic analysis 

(l) The capacity of structural systenls to resist seismic actions in the non-linear 
range generally pern1its their design for resistance to seismic forces sI11a]]er than those 
conesponding to a linear elastic response. 

(2) To avoid explicit inelastic structural analysis in design, the capacity of the 
structure to dissipate energy, through ll1ainly ductile behaviour of its elenlents and/or 
other mechanisms, is taken into account by perfonning an elastic analysis based on a 
response spectrunl reduced with respect to the elastic one, henceforth called a "design 
spectnlln". This reduction is acco111plished by introducing the behaviour factor q. 

(3)P The behaviour factor q is an approxin1ation of the ratio of the seismic forces that 
the stnlcture would experience if its response \vas cOlnpletely elastic with 50/0 viscous 
damping, to the seisll1ic forces that may be used in the design, with a conven60nal 
elastic analysis model, still ensuring a satisfactory response of the structure. The values 
of the behaviour factor q, which also account for the influence of the viscous da111ping 
being different fron1 50/0, are given for various nlaterials and structural systenlS 
according to the relevant ductility classes in the various Parts of EN 1998. The val ue of 
the behaviour factor q 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 seisn1ic action the design spectrum, SeI(Y), 
shall be defined by the following expressions: 

( ) 
2 T 2,5 o ~ T ~ Ts : Sd T = Q" • S· + . 

t; 3 T8 q 
(3.13) 
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where 

S, Tc and Tn 

q 

(3. 

q 

. S . 2,5 . [TC ] 
q T 

G f! • S . 2.,5 . [TC TD ] 
- q 

(3. 

are as defined in 3.2.2.2; 

is the design spectrull1; 

is the behaviour factor; 

(3.14) 

(3.15) 

(3.16) 

(3 is the lower bound factor for the horizontal design spectru111. 

NOTE The value to be ascribed to fJ for lise in a country can be found in its National Annex. The 
recommended value for j3 is 0,2. 

(5) For the vertical component of the seisillic action the design spectrU111 is given by 
expressions (3.13) to (3.16), with the design ground acceleration in the vertical 
direction, G vg replacing Gg, S taken as being equal to 1,0 and the other paranleters as 
defined in 3.2.2.3. 

(6) For the vertical cOlnponent of the seisnlic action a behaviour factor q up to to 1,5 
should generally be adopted for all nlaterials and structural systenls. 

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

(8)P The design spectru111 as defined above is not sufficient for the design of 
structures with base-isolation or energy-dissipation systelTIs. 

3.2.3 Alternative representations of the seismic action 

3.2.3.1 Time - history representation 

3.2.3.1.1 General 

(l)P The seisnlic 1110tion 111ay also be represented in tenllS of ground acceleration 
tinle-histories and related quantities (velocity and displacel11ent). 

(2)P When a spatial nlodel of the structure js required, the seis111ic motion shall 
consist of three sinlLdtaneously acting accelerogratTIs. The sanle accelerogratll 111ay not 
be used sinlultaneous]y along both horizontal directions. SilTIplifications 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 infornlatlon actually 
available, the description of the seisnlic lTIotion lTIay be Illade by artificial 
accelerogranls 3.2.3.1.2) and recorded or silTIulated accelerogra111S (see 3.2.3.1.3). 

3.2.3.1.2 Artificial accelerograms 

(1 )P Artificial accelerograiTIS shall be generated so as to nlatch the elastic response 
spectra given in 3.2.2.2 and 3.2.2.3 for 50/0 viscous danlping (c; = 50/0). 

(2)P The duration of the accelerograms shall be consistent with the magnitude and 
the other relevant features of the seislnic event underlying the establishnlent of 

(3) \Vhen site-specific data are not available, the lllininlunl duration of the 
stationary part of the accelerogranls should be equal to lOs. 

(4) The suite of artific1al accelerogranls should observe the following rules: 

a) a nlinill1UlTI of 3 accelerogranls should be used; 

b) the nlean of the zero period spectral response acceleration values (calculated fron1 the 
individual hnle histories) should not be snlaller than the value of ar!,'S for the site in 
question. 

c) in the range of periods between 0,2Tl and 2T" where T, is the fundanlental period of 
the structure in the direction where the accelerogran1 will be applied; no value of the 
ll1ean 50/0 danlping elastic spectrUln, calculated fron1 all tinle histories, should be less 
than 90% of the corresponding value of the dalTIping elastic response spectrunl. 

3.2.3.1.3 Recorded or simulated accelerograms 

(l)P Recorded accelerogran1s, or accelerogratns generated ~through a nUlllerica] 
sin1ulation ~ of source and travel path n1echanisnls, n1ay be used, provided that the 
samples used are adequately qualified with regard to the seisl1logenetic features of the 
sources and to the soil conditions appropriate to the site, and their values are scaled to 
the value of ag.S for the zone under consideration. 

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

(3) The suite of recorded or sin1ulated accelerograms to be used should satisfy 
3.2.3.1.2(4). 

3.2.3.2 Spatial model of the seismic action 

(l)P F or structures with special characteristics such that the assumption of the sanle 
excitation at all support points cannot reasonably be nlade, spatiallTIodels of the seismic 
action shall be used 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 

(I)P The value of the effects of actions in the seismic design situation shall 
be deternlined 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 Inasses associated with all gravity loads appearing in the 
following cOll1bination of actions: 

(3.17) 

where 

IjIE,i is the conlbination coefficient for variable action i (see 4.2.4). 

(3) The conlbination coefficients IjIE,i take into account the likelihood of the loads 
Qk,i not being present over the entire structure during the earthquake. coefficients 
Inay also account for a reduced participation of 111asses in the motion of the structure 
due to the non-rigid connection between thenl. 

(4) Values of V/2,i are given in EN 1990:2002 and values of V/E,i for buildings or 
other types of structures are in the relevant parts of EN 1998. 
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(l)P Section 4 contains general rules for the earthquake-resistant design of buildings 
and shall be used in conjunction with Sections 2~ 3 and 5 to 9. 

(2) Sections 5 to 9 are concerned with specific rules for various lnaterials and 
elenlents 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 

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

(2) The guiding principles governing this conceptual design are: 

structural sinlplicity; 

unifonllity, symlnetry and redundancy; 

bi-directional resistance and stiffness; 

torsional resistance and stiffness~ 

diaphragnlatic 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 translnission of the seisnlic forces, is an ilnportant objective to be pursued, since the 
lTIodelling, analysis, dinlensioning, detailing and construction of sinlple structures are 
subject to nluch less uncertainty and thus the prediction of its seislnic behaviour is 11luch 
nlore reliable. 

4.2.1.2 Uniformity, symmetry and redundancy 

(I) UnifonJlity in plan is characterised by an even distribution of the structural 
elements which allows short and direct trans111ission of the inertia forces created in the 
distributed nlasses of the building. If necessary, unifonl1ity 111ay be realised by 
subdividing the entire building by seisnlic joints into dynanlically independent units, 
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provided that these joints are designed against pounding of the individual units 111 

accordance with 4.4.2.7. 

(2) Uniformity in the development of the structure along the height of the building 
is also inlportant, since it tends to elinlinate the occurrence of sensitive zones where 
concentrations of stress or large ductility denlands l11ight prematurely cause collapse. 

(3) A close relationship between the distribution of ll1asses and the distribution of 
resistance and stiffness eliminates large eccentricities bet\veen 1l1aSS and stiffness. 

(4) If the building configuration is symn1etrical or quasi-synl111etrical, a synlmetrical 
layout of structural elen1ents, which should be well-distributed in-plan, is appropriate 
for the achievenlent ofunifornlity. 

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

4.2.1.3 Bi-directional resistance and stiffness 

(I)P Horizontal seisl11ic n10tion is a bi-directional pheno111enon and thus the building 
structure shall be able to resist horizontal actions in any direction. 

(2) To satisfy (l)P, the structural elenlents should be arranged in an orthogonal in
plan structural pattern, ensuring silnilar resistance and stiffness characteristics in both 
main directions. 

(3) The choice of the stiffness characteristics of the structure, while attelnpting to 
Inininlise the effects of the seisnlic action (taking illtO account its specific features at the 
site) should also lin1it the developn1ent of excessive displacements that l11ight lead to 
either instabilities due to second order effects or excessive dan1ages. 

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 Iinlit the developlnent of torsional 
motions which tend to stress the different structural elen1ents in a non-unifonn way. In 
this respect, arrangen1ents in which the Inain eJen1ents resisting the seisn1ic action are 
distributed close to the periphery of the building present clear advantages. 

4.2.1.5 Diaphragmatic behaviour at storey level 

(l) In buildings, floors (including the roof) playa very in1portant role in the overall 
seisn1ic behaviour of the structure. They act as horizontal diaphragnls that collect and 
transn1it the inertia forces to the vertical structural systetns and ensure that those 
systems act together in resisting the horizontal seislnic action. The action of floors as 
diaphragms is especially relevant in cases of con1plex and non-unifonn layouts of the 
vertical structural systen1s, or where systems with different horizontal deforn1ability 
characteristics are used together (e.g. in dual or Inixed systen1s). 

(2) Floor systen1s and the roof should be provided with in-plane stiffness and 
resistance and with effective connection to the vertical structural systen1s. Particular 
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care should be taken in cases of non-con1pact 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 elen1ents, 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 systen1s in accordance with the 
assulnptions of the analysis (e.g. rigidity of the diaphragm, see 4.3.1(4)), particularly 
vvhen there are significant changes in stiffness or offsets of vertical elements above and 
below the diaphragn1. 

4.2.1.6 Adequate foundation 

(l)P With regard to the seislnic 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 conlposed of a discrete nun1ber of structural walls, likely to ditTer 
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 tJe-bean1s between these elen1ents in both n1ain directions is 
recon1111ended, subject to the criteria and rules of EN 1998-5:2004,5.4.1.2. 

4.2.2 Primary and secondary seismic members 

(l)P A certain number of structural n1en1bers (e.g. bean1s and/or columns) n1ay be 
designated as "secondary" seisn1ic nlembers (or elen1ents), not forn1ing part of the 
seis111ic action resisting systen1 of the building. The strength and stiffness of these 
elelnents against seismic actions shall be neglected. They do not need to conforn1 to the 
requirelnents of Sections 5 to 9. Nonetheless these n1elnbers and their connections shall 
be designed and detailed to n1aintain support of gravity loading when subjected to the 
displacelnents caused by the most unfavourable seisn1ic design condition. Due 
allovvance of 2nd order effects (P-i1 effects) should be lnade in the design of these 
Inelnbers. 

(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 elenlents. 

(3) All structural n1elYlbers not designated as being secondary seisnlic n1en1bers are 
taken as being prinlary seisnl1c 111elnbers. They are taken as being part of the lateral 
force resisting systen1, should be n10delled in the structural analysis in accordance vvith 
4.3.1 and designed and detailed for earthquake resistance in accordance with the rules of 
Sections 5 to 9. 

(4) The total contribution to lateral stiffness of all secondary seisnlic n1embers 
should not exceed 150/0 of that of all pril11ary SeiS111ic n1embers. 
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(5) The designation of son1e structural elell1ents as secondary seiSll1ic 111en'1bers is 
not allowed to change the classification of the structure fr0111 non-regular to regular as 
described in 4.2.3. 

4.2.3 Criteria for structural regularity 

4.2.3.1 General 

(J)P For the purpose of seisn1ic 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 sLich structures, "individual dynamical1y independent unit" is meant for "building" in 
4.2.3. 

(2) This distinction has in1plications for the following aspects of the SeiSl11ic design: 

the structural 1110del, which can be either a simplified planar t110del or a spatial 
nl0del; 

the method of analysis, which can be either a simplified response spectrum analysis 
(lateral force procedure) or a 1110dal one; 

the value of the behaviour factor q, which shall be decreased for bui Idings 
non-regular in elevation (see 4.2.3.3). 

(3)P \Vith regard to the iInplications 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 

i 
Regularity Allowed Sin1plification Behaviour factor 

Plan Elevation Model Linear-elastic Analysis (for }jnear analysis) 

Yes Yes Planar Lateral forcea Reference value 

Yes No Planar Modal Decreased value 

No Yes Spatialb Lateral forceu Reference value 

No No Spatial Modal Decreased value 
.. 

d If the condllion of 4.3.3.2.1 (2)a) IS also met. 
b Under the specific conditions given in 4.3.3.1(8) a separate planar model may be lIsed 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 n10delling 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 assUlned regularity of the building structure is not 
in1paired 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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(7) For non-regular in elevation buildings the decreased values of the behaviour 
factor are given by the reference values multiplied by 0,8. 

4.2.3.2 Criteria for regularity in plan 

(I)P For a building to be categorised as being regular in plan, it shall satisfy all the 
conditions listed in the following paragraphs. 

(2) With respect to the lateral stiffness and nlass distribution, the building structure 
shall be approxinlately sYl111netrical in plan with respect to two orthogonal axes. 

(3) The plan configuration shall be conlpact, i.e., each floor shall be delimited by a 
polygonal convex line. If in plan set-backs (re-entrant corners or recesses) exist, 
regularity in plan nlay still be considered as being satisfied, provided that these set
backs do not affect the floor in-plan stiffness and that, for each set-back, the area 
between the outline of the floor and a convex polygonal line enveloping the floor does 
not exceed 5 % of the floor area. 

(4) in-plan stiffness of the floors shall be sufficiently large in comparison with 
the lateral stiffness of the vertical structural elelnents, so that the defor111ation of the 
floor shaH have a small effect on the distribution of the forces anlong the vertical 
structural elements. In this respect, the C, H, I, and X plan shapes should be carefully 
eXaInined, notably as concerns the stiffness of the lateral branches, which should be 
conlparable to that of the central part, in order to satisfy the rigid diaphragm condition. 
The application of this paragraph should be considered for the global behaviour of the 
building. 

(5) The slenderness A = of the building in plan shall be not higher than 4, 
where Lmnx and Lmin are respectively the larger and snlaller in plan dinlension of the 
building, measured in orthogonal directions. 

(6) At each level and for each direction of analysis x and y, the structural 
eccentricity eo and the torsional radius r shall be in accordance with the two conditions 
below, which are expressed for the direction of analysis 

:::; 0,30· rx ( 4.1a) 

(4.1 b) 

where 

eox is the distance between the centre of stiffness and the centre of 111ass, measured 
along the x direction, which is nonnal to the direction of analysis considered; 

rx is the square root of the ratio of the torsional stiffness to the lateral stiffness in 
the y direction ("torsional radius"); and 

Is is the radius of gyration of the floor ll1ass in plan (square root of the ratio of (a) 
the polar m0111ent of inertia of the floor n1ass in plan with respect to the centre of 
Inass of the floor to (b) the floor nlass). 
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The definitions of centre of stiffness and torsional radius r are provided in (7) to (9) of 
this subclause. 

(7) In single storey buildings the centre of stiffness is defined as the centre of the 
lateral stiffness of all primary seismic n1en1bers. The torsional radius r is defined as the 
square root of the ratio of the global torsional stiffness with respect to the centre of 
lateral stiffness, and the global lateral stiffness, in one direction, taking into account all 
of the prin1ary seis111ic nle111bers in this direction. 

(8) In 111ulti-storey buildings only approxin1ate definitions of the centre of stiffness 
and of the torsional radius are possible. sin1plified definition, for the classification of 
structural regularity in plan and for approxin1ate analysis of torsional effects, is 
possible if the following two conditions are satisfied: 

a) all lateral load resisting systen1s, such as cores, structural walls, or franles, run 
without interruption fronl the foundations to the top of the building; 

b) the deflected shapes of the individual systenls under horizontal loads are not very 
different. This condition n1ay be considered satisfied the case of fran1e systenls and 
wall systen1s. In general, this condition is not in dual systenls. 

NOTE The National Annex can include reference to documents that might provide definitions of 
the centre of stiffness and of the torsional radius in multi-storey buildings, both for those that 
meet the conditions (a) and (b) (8), and for those that do not. 

(9) In fran1es and in systen1s of slender walls with prevailing flexural deformations, 
the position of the centres of stiffness and the torsional radius of all storeys may be 
calculated as those of the nl011lents of inertia of the cross-sections of the vertical 
elelllents. If, in addition to tlexural deforn1ations, shear deformations are also 
significant, they l11ay be accounted for by using an equivalent nlonlent of inertia of the 
cross-secti on. 

4.2.3.3 Criteria for regularity in elevation 

(l)P F or a building to be categorised as being regular in elevation, it shall satisfy all 
the conditions listed in the following paragraphs. 

(2) All lateral load resisting systems, such as cores, structural walls, or fraInes, shall 
run without intelTuption fron1 their foundations to the top of the building Of, if setbacks 
at different heights are present, to the top of the relevant zone of building. 

(3) Both the lateral stiffness and the nlass of the individual storeys shall renlain 
constant or reduce gradually, without abrupt changes, fro111 the base to the top of a 
particular building. 

(4) In fratned buildings the ratio of the actual storey resistance to the resistance 
required by the analysis should not vary disproportionately between adjacent storeys. 
Within this context the special aspects of nlasonry infilled frames are treated in 
4.3.6.3.2. 

(5) When setbacks are present, the following additional conditions apply: 
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a) for gradual setbacks preserving axial synlmetry, the setback at any floor shall be not 
greater than 20 % of the previous plan dinlension in the direction of the setback (see 
Figure 4.1.a and Figure 4.I.b); 

b) for a single setback within the lower 15 % of the total height of the n1ain structural 
systenl, the setback shall be not greater than 50 % of the previous plan dimension (see 
Figure 4.1.c). In this case the structure of the base zone within the vertically projected 
perinleter of the upper storeys should be designed to resist at least 75%} of the horizontal 
shear forces that would develop in that zone in a sitnilar building without the base 
enlargelnent; 

c) if the setbacks do not preserve symnletry, in each face the sun1 of the setbacks at all 
storeys shall be not greater than 30 % of the plan dimension at the ground floor above 
the foundation or above the top of a rigid basenlent, and the individual setbacks sha11 be 
not greater than 1 ° % of the previous plan dinlension (see Figure 4.1.d). 

(a) 

Criterion for (a): L1 L2 0,20 
L\ 

(c) (setback occurs below 0,15H) 

0,15 H 
-t---+--

Criterion for (c): --=--...;...:::; 0,50 
L 

(b) (setback occurs above 0, I5H) 

:r: 

Criterion for (b): --=--...;...:::; 0,20 
L 

d) 

L 

L 
Criteria for (d): ---""'-:::; 0,30 

L 

Figure 4.1: Criteria for regularity of buildings with setbacks 

15 H 
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4.2.4 Combination coefficients for variable actions 

(l)P The cOl1lbination coefficients ~/2i (for the quasi-permanent value of variable 
actjon qi) for the design of buildings (see 3.2.4) shall be those given in EN 1990:2002, 
Annex AI. 

(2)P The conlbination coefficients tf/Ei introduced in 3.2.4(2)P for the calculation of 
the effects of the seiSlnic actions shall be computed fronl the following expression: 

(4.2) 

NOTE The values to be ascribed to tp for use in a country may be found in its National Annex. 
The recommended values for rp are listed in Table 4.2. 

Table 4.2: Values of rp for calculating If/Ei 

Type of variable Storey tp 

action 

Categories Roof 1 ~O 

Storeys with correlated occupancies 

Independently occupied storeys 0,5 

:gVJ II::~ D-F" 
1,0 

and Archives 
nlt:.r.,"""",,, as defined in EN 1991-1-1 :2002. 

4.2.5 hnportance classes and importance factors 

(l)P Buildings are classified in 4 inlportance classes, depending on the consequences 
of collapse for hunlan life, on their inlportance for public safety and civil protection in 
the inlmediate post-earthquake period, and on the social and econo111ic consequences of 
collapse. 

(2)P The ilnportal1ce classes are characterised by different importance factors )1 as 
described in 2.1(3). 

(3) ilnportance factor}1 1,0 is associated with a SelS1111C event having the 
reference return period indicated in 3.2.1(3). 

(4) The definitions of the inlportance classes are in Table 4.3. 
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In1portance Buildings 
class 

1 

i II 

HI 

IV 

Bui1dings of 111inor in1portance for public safety, agricultural I 
buildings, etc. 

Ordinary buildings, not belonging in the other categories. I 

Buildings \vhose seisn1ic resistance is of in1portance in view of the 
consequences associated with a collapse, e.g. schools, assembly halls, 
cultural institutions etc. 

Buildings whose integrity during earthquakes is of vital in1portance 
for civil protection, e.g. hospitals, fire stations, power plants, etc. 

NOTE Importance classes I, II and HI or IV correspond roughly to consequences classes CC I, 
CC2 and CC3, respectively, defined in EN 1990:2002, Annex B. 

(S)P The value of)1 for in1portance class 11 shall be, by definition, equal to ] ,0. 

NOTE The values to be ascribed to YI for LIse in a country may be found in its National Annex. 
The values of Yt may be different for the various seismic zones of the country, depending on the 
seismic hazard conditions and on public safety considerations Note to 2.1 (4)). The 
recommended values of YI for importance classes 1, III and IV are equal to 0,8, 1,2 and 1,4, 
respectively. 

(6) For buildings which house dangerous installations or 111aterials the importance 
factor shou1d be established in accordance with the criteria set forth in EN 1998-4. 

4.3 Structural analysis 

4.3.1 ModeUing 

(l)P The model of the building shall adequately represent the distribution of stiffness 
and Inass in it so that all significant deforInation shapes and inertia forces are properly 
accounted for under the seislnic action considered. In the case of non-linear analysis, the 
Inodel shall also adequately represent the distribution of strength. 

(2) The n10del should also account for the contribution of joint regions to the 
deforrnability of the building, e.g. the end zones in bealns or C01Ull111S of frame type 
structures. Non-structural e]en1ents, which n1ay influence the response of the primary 
seismic structure, should also be accounted for. 

(3) In general the structure Inay be considered to consist of a number of vertical and 
lateral load resisting systems, connected by horizontal diaphragn1s. 

(4) When the floor diaphragms of the building Inay be taken as being rigid in their 
planes, the masses and the n10n1ents of inertia of each floor nlay be 11l1nped at the centre 
of gravity. 

NOTE The diaphragm is taken as being rigid, if, when it is modelled with its actual in~plane 
flexibility, its horizontal displacements nowhere exceed those resulting from (he rigid diaphragm 
assumption by more than 10% of the corresponding absolute horizontal displacements in Ihe 
seismic design situation. 
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(5) For buildings conforn1ing to the criteria for regularity in plan (see 4.2.3.2) or 
with the conditions presented in 4.3.3.1(8}\ the analysis 111ay be performed using two 
planar l11odels, one for each n1ain direction. 

(6) In concrete buildings, in COlllposite steel-concrete buildings and in masonry 
buildings the stiffness of the load bearing elements should, in general, be evaluated 
taking into account the effect of cracking. Such stiffness should cOlTespond to the 
initiation of yielding of the reinforcenlent. 

(7) Un less a 1110re accurate analysis of the cracked elements is perfonl1ed, the elastic 
flexural and shear stiffness properties of concrete and masonry elell1ents nlay be taken 
to be equal to one-half of the corresponding stiffness of the uncracked eleillents. 

(8) Infil1 walls which contribute significantly to the lateral stiffness and resistance of 
the building should be taken into account. See 4.3.6 for nlasonry infills of concrete, 
steel or cOll1posite ffanles. 

(9)P The deformability of the foundation shall be taken into account in the Inodel, 
whenever it may have an adverse overall influence on the structural response. 

NOTE Foundation deformability (including the soil-structure interaction) may ahvays be laken 
into account, incJuding the cases in which it has beneficial effects. 

(lO)P The 111asses shall be calculated froln the gravity loads appearing in the 
combination of actions indicated in 3.2.4. The combination coefficients WEi are given in 
4.2.4(2)P. 

4.3.2 Accidental torsional effects 

(I)P In order to account for uncertainties in the location of nlasses and in the spatial 
variation of the seisnlic nlotion, the calculated centre of ll1ass at each floor i shall be 
considered as being displaced froll1 its nOll1inal location in each direction by an 
accidental eccentricity: 

(4.3) 

where 

e81 is the accidental eccentricity of storey mass i from its nominal location, applied 
in the san1e direction at all floors; 

Li is the floor-dinlension perpendicular to the direction of the SeiSll1ic action. 

4.3.3 l\1ethods of analysis 

4.3.3.1 General 

(l) Within the scope of Section 4, the seis111ic effects and the effects of the other 
actions included in the seisnlic design situation ll1ay be detennined on the basis of the 
llnear-elastic behaviour of the structure. 
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(2)P The reference nlethod for deternlining the seismic effects shall be the nlodal 
response spectrunl analysis, using a linear-elastic 1110del of the structure and the design 
spectrull1 given in 3.2.2.5. 

(3) Depending on the structural characteristics of the building one of the following 
two types of linear-elastic analysis nlay be used: 

a) the "lateral force nlethod of analysis" for buildings nleeting the conditions given in 
4.3.3.2; 

b) the "nlodal response spectrunl analysis", which is applicable to all types of buildings 
(see 4.3.3.3). 

(4) As an alternative to a linear n1ethod, a non-linear ll1ethod nlay also be used, such 
as: 

c) non-linear static (pushover) analysis; 

d) non-linear tinle history (dynan1ic) analysis, 

provided that the conditions specified in (5) and (6) of this subclause and 1n 4.3.3.4 are 
satisfied. 

NOTE For base isolated buildings the conditions under which the linear methods a) and b) or the 
nonlinear ones c) and may be llsed are in Section 10. For non-base-isolated buildings, 
the linear methods of 4.3.3.1(3) may always be used, as in 4.3.3.2.1. The choice of 
whether the nonlinear methods of 4.3.3.1(4) may also be applied to non-base-isolated buildings 
in a particular country, will be found in its National Annex. The National Annex may also 
include reference to complementary information about member deformation and the 
associated partial factors to be used in the Ultimate Limit State verifications in accordance with 
4.4.2.2(5). 

(5) Non-linear analyses should be properly substantiated with respect to the seismic 
input, the constitutive n10de] used, the Inethod of interpreting the results of the analysis 
and the requiren1ents to be Inet. 

(6) Non-base-isolated structures designed on the basis of non-linear pushover 
analysis without using the behaviour factor q (see 4.3.3.4.2.1(1)d), should satisfy 
4.4.2.2(5), as well as the rules of Sections 5 to 9 for dissipative structures. 

(7) Linear-elastic analysis n1ay performed using two planar n10dels, one for each 
main horizontal direction, if the criteria for regularity in plan are satisfied (see 4.2.3.2). 

(8) Depending on the importance class of the building, linear-elastic analysis may 
be perfonned using two planar 1110dels, one for each 111ain horizontal direction, even if 
the criteria for regularity in plan in 4.2.3.2 are not satisfied, provided that al I of the 
following special regularity conditions are n1et: 

a) the building shall have well-distributed and relatively rigid cladding and partitions; 

b) the building height shall not exceed 1 0 nl~ 
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c) the in-plane stiffness of the floors shall be large enough in comparison with the 
lateral stiffness of the vertical structural elen1ents, so that a rigid diaphragl11 behaviour 
n1ay be assun1ed. 

d) the centres of lateral stiffness and 111ass shall be each approxin1ately on a vertical line 
and, in the two horizontal directions of analysis, satisfy the conditions: rx Is + eo/, 

ry 2 > Is2 + where the radius of gyration Is, the torsional radii rx and r and the natural 
eccentricities eox and eoy are defined as in 4.2.3.2(6). 

NOTE The value of the importance factol', }1, below which the simplification of the analysis in 
accordance with 4.3.3.1 (8) is allowed in a country, may be found in its National Annex. 

(9) In buildings satisfying all the conditions of (8) of this subclause with the 
exception of d), llnear-elastic analysis two planar I110dels, one for each n1a1n 
horizontal direction, may also be perforn1ed, but in such cases all seisll1ic action effects 
resulting fron1 the analysis should be multiplied by 1,25. 

(10)P Buildings not COnfOrI11ing to the criteria in (7) to (9) of this clause shall be 
analysed using a spatial nl0del. 

(11)P Whenever a spatial nl0del is used, the design seisl11ic action shall be applied 
along all relevant horizontal directions (with regard to the structural layout of the 
building) and their orthogonal horizontal directions. For buildings with resisting 
elenlents in two perpendicular directions these two directions shall be considered as the 
relevant directions. 

4.3.3.2 Lateral force method of analysis 

4.3.3.2.1 General 

(l)P This type of analysis may be applied to buildings whose response is not 
significantly affected by contributions from modes of vibration higher than the 
fundamental J110de in each principal direction. 

(2) The requiren1ent in (l)P of this subclause is deen1ed to be satisfied in buildings 
which fulfil both of the two following conditions. 

a) they have fundaJl1ental periods of vibration TJ in the two 111ain directions which are 
smaller than the following values 

(4.4) 

\vhere is defined in 3.2.2.2; 

b) they n1eet the criteria for regularity in elevation given in 4.2.3.3. 

4.3.3.2.2 Base shear force 

(l)P The seismic base shear force for each horizontal direction 111 which the 
building is analysed, shall be deternlined using the following expression: 

56 



where 

BS EN 1998-1 :2004 
EN 1998-1 :2004 (E) 

(4.5) 

Sd (T1 ) is the ordinate of the design spectru111 (see 3.2.2.5) at period T,; 

TI is the fundamental period of vibration of the building for lateral nl0tion in the 
direction considered; 

In is the total n1ass of the building, above the foundation or above the top of a rigid 
baselnent, C0111puted in accordance with 3.2.4(2); 

is the correction factor, the value of which is equal to: A = 0,85 if Tl 2 Tc and 
the building has nlore than two storeys, or A = 1,0 other'vvise. 

NOTE The factor A accounts for the tact that in buildings \vith at least three storeys and 
translational degrees of freedom in each horizontal direction, the etIective modal mass of the 1st 

(fundamental) mode is smaller, on average by lYYo, than the total building mass. 

(2) ~For the detern1ination of the fundaIl1ental period of vibration TI of the 
building, expressions based on 111ethods of structural dynatnics (for exanlple the 
Rayleigh method) may be used. 

(3) For buildings with heights of up to 40 In the value of TI (1n s) J11ay be 
approximated by the following expression: 

T - C . H 3!4 1- t 

where 

(4.6) 

C t is 0,085 for m01nent resistant space steel frames, 0,075 for lTIOnlent resistant 
space concrete fraInes and for eccentrically braced steel franles and 0,050 for all 
other structures; 

H is the height of the building, in 111, f1"01n the foundation or fronl the top of a rigid 
base111ent. 

(4) Alternatively, for structures with concrete or lnasonry shear walls the value C1 in 
expression (4.6) may be taken as being 

Ct 0,075/ .fA: (4.7) 

where 

(4.8) 

and 

Ac is the total effective area of the shear walls in the first storey of the building, in 
1n2. , 

Ai is the effective cross-sectional area of shear wall i in the direction considered in 
the first storey of the building, in n}; 
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H is as in (3) of this subclause; 

IWi is the length of the shear wall i in the first storey in the direction paral1el to the 
applied forces, in 111, with the restriction that Iw/H should not exceed 0,9. 

(5) Alternatively, the estilnation of TJ (in s) n1ay be n1ade by using the following 
expresslOn: 

(4.9) 

where 

d is the lateral elastic displacelnent of the top of the building, in n1, due to the 
gravity loads applied in the horizontal direction. 

4.3.3.2.3 Distribution of the horizontal seismic forces 

(1) The fundan1ental n10de shapes in the horizontal directions of analysis of the 
building may be calculated using n1ethods of structural dynmnics or n1ay be 
approximated by horizontal displacelnents increasing linearly along the height of the 
building. 

(2)P The seis111ic action effects shall be determined by applying, to the two planar 
nl0dels, horizontal forces Fi to all storeys. 

Sj . l71 i F=F
L
·---

J ) IS"I71. 
J J 

where 

Fi is the horizontal force acting on storey i; 

Fb is the seisn1ic base shear in accordance with expression (4.5); 

Sj, Sj are the displacenlents of n1asses l71i, I71j in the fundan1ental mode shape; 

/11i,l71j are the storey n1asses cOlnputed in accordance with 3.2.4(2). 

(4.10) 

(3) When the fundan1entallnode shape is approxilnated by horizontal displacements 
increasing linearly along the height, the horizontal forces Fi should be taken as being 
given by: 

z· . /11. 
Fi=f~. J J 

Iz ·m· 
J .I 

(4.11 ) 

where 

Zj, Zj are the heights of the 111asses mj mj above the level of application of the SeiS111ic 
action (foundation or top of a rigid basement). 

(4)P The horizontal forces Fj detern1ined in accordance with this clause shall be 
distributed to the lateral load resisting systen1 assun1ing the floors are rigid in their 
plane. 
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(1) If the lateral stiffness and mass are sYlnnletrical1y distributed in plan and unless 
the accidental eccentricity of 4.3.2(1)P is taken into account by a nl0re exact method 
(e.g. that of 4.3.3.3.3(1), the accidental torsional effects 111ay be accounted for by 
nlu1tiplying the action effects in the individual load resisting elenlents resulting fI-om the 
application of 4.3.3.2.3(4) by a factor 6 given by 

x 
6=1+06-, L 

..: 

where 

(4.12) 

x is the distance of the elenlent under consideration from the centre of mass of the 
building in plan, nleasured perpendicularly to the direction of the seisnlic action 
considered; 

Le is the distance between the two outermost lateral load resisting elements, 
Ineasured perpendicularly to the direction of the seismic action considered. 

(2) ]f the analysis is perforn1ed using two planar n10dels, one for each nlain 
horizontal direction, torsional effects l1Iay be determined by doubling the accidental 
eccentricity eai of expression (4.3) and applying (1) of this subclause with factor 0,6 in 
expression (4.12) increased to 1,2. 

4.3.3.3 l\1odal response spectrum analysis 

4.3.3.3.1 General 

(l)P This type of analysis shall be applied to buildings which do not satlsfy the 
conditions given in 4.3.3.2.1 (2) for applying the lateral force lllethod of analysis. 

(2)P The response of all modes of vibration contributing significantly to the global 
response shall be taken into account. 

(3) The requirements specified in paragraph (2)P nlay be deemed to be satisfied if 
either of the following can be denlonstrated: 

- the sunI of the effective modal nlasses for the l1Iodes taken into account atnounts to 
at least 90% of the total nlass of the structure; 

all Inodes with effective modal masses greater than 5% of the total mass are taken 
into account. 

NOTE The effective modal mass tnk, corresponding to a mode k, is determined so that the base 
shear force Fbb acting in the direction of application of the seismic action, Illay be expressed as 

Sd(Td Il1k· It can be shown that the sum of the effective modal masses (for all modes and a 
given direction) is equal to the mass of the structure. 

(4) When using a spatial n10del, the above conditions should be verified for each 
relevant direction. 
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(5) If the requiren1ents specified in (3) cannot be satisfied (e.g. in buildings with a 
significant contribution fron1 torsional modes), the n1iniiTIUm nunlber k of modes to be 
taken into account in a spatial analysis should satisfy both the two following conditions: 

k 3· (4.13) 

and 

Tk 0,20 s (4.14) 

where 

k is the l1unlber of lTIodes taken into account; 

n is the nunlber of storeys above the foundation or the top of a rigid basement; 

Tk is the period of vibration of lTIode k. 

4.3.3.3.2 Combination of modal responses 

(1) The response in two vibration n10des i and j (including both translational and 
torsional nl0des) may be taken as independent of each other, if their periods Ti and T.j 
satisfy (with Tj :::; Ti) the fo]]owing condition: 

( 4.15) 

(2) Whenever a11 relevant l1l0dal responses (see 4.3.3.3.1(3)-(5)) nlay be regarded as 
independent of each other, the maXilTIUn1 value of a seismic action effect nlay be 
taken as: 

( 4.16) 

where 

is the seislllic action effect under consideration (force, displacel1lent, etc.); 

EEi is the value of this seismic action etIect due to the vibration lTIode i. 

(3)P If (1) is not satisfied, l1lore accurate procedures for the combination of the l1l0dal 
n1axinla, such as the "Complete Quadratic Conlbination" shall be adopted. 

4.3.3.3.3 Torsional effects 

(1) Whenever a spatial nl0de] is used for the analysis, the accidental torsional 
effects referred to in 4.3.2(I)P nlay be deternlined as the envelope of the effects 
resulting from the application of static loadings, consisting of sets of torsional moments 
!vIai about the vertical axis of each storey i: 

( 4.17) 

where 

Mai is the torsional n10111ent applied at storey i about its vertical axis; 
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eai is the accidental eccentric1ty of storey 1nass i in accordance with expression (4.3) 
for all relevant directions; 

Fi is the horizontal force acting on storey j~ as derived in 4.3.3.2.3 for all relevant 
directions. 

(2) The effects of the loadings in accordance with (1) should be taken into account 
with positive and negative (the same for all storeys). 

(3) Whenever two separate planar tTIodels are used for the analysis, the torsional 
effects may be accounted for by applying the rules of 4.3.3.2.4(2) to the action effects 
COll1puted in accordance with 4.3.3.3.2. 

4.3.3.4 Non-linear methods 

4.3.3.4.1 General 

(l)P The 111athenlatical model used for elastic analysis shall be extended to include 
the strength of structural elenlents and their post-elastic behaviour. 

(2) As a 111ininlU1TI, a bilinear force-deformation relationship should be used at the 
elenlent level. In reinforced concrete and tnasonry buildings, the elastic stitTness of a 
bilinear force-defor111atiol1 relation should correspond to that of cracked sections (see 
4.3.1(7)). in ductile elements, expected to exhibit post-yield excursions during the 
response, the elastic stiffness of a bilinear relation should be the secant stiffness to the 
yield-point. Trilinear force-defonl1ation relationships, which take into account pre
crack and post-crack stiffnesses, are allowed. 

(3) Zero post-yield stiffness ]TIay be assumed. if strength degradation is expected, 
e.g. for Inasonry walls or other brittle elenlents, it has to be included in the force
defornlation relationships of those elements. 

(4) Unless otherwise specified, element properties should be based on nlean values 
of the properties of the materials. For new structures, 111ean values of nlaterial properties 
may estinlated fro 111 the corresponding characteristic values on the basis of 
infoll11at10n provided in EN 1992 to 1996 or in 11laterial ENs. 

(5)P Gravity loads in accordance with 3.2.4 shall be applied to appropriate elenlents 
of the n1athen1atical n10deL 

(6) Axial forces due to gravity loads should be taken into account when determining 
force - defon11ation relations for structural elelnents. Bending n10ments in vertical 
structural elenlents due to gravity loads nlay be neglected, unless they substantially 
influence the global structural behaviour. 

(7)P The seismic action shall be applied in both positive and negative directions and 
the nlaxin1unl seisn1ic effects as a result of this shall be used. 
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4.3.3.4.2 Non-linear static (pushover) analysis 

4.3.3.4.2.1 General 

(l) Pushover analysis is a non-linear static analysis can-ied out under conditions of 
constant gravity loads and monotonically increasing horizontal loads. [t n1ay be applied 
to verify the structural perfonnance of ne"wly designed and existing buildings for the 
fo]lowing purposes: 

a) to verify or revise the overstrength ratio values aul al 5.2.2.2, 6.3.2, 7.3.2); 

b) to estin1ate the expected plastic nlechanisn1s and the distribution of dan1age; 

c) to assess the structural performance of or retrofitted bui1dings for 
purposes of 1998-3; 

d) as an alternative to the design based on linear-elastic analysis which uses the 
behaviour factor q. In that case, the target displacenlent indicated in 4.3.3.4.2.6(1)P 
should be used as the basis of the design. 

(2)P Buildings not conforn1ing to the regularity criteria of 4.2.3.2 or the criteria of 
4.3.3.1 (8)a)-e) shall analysed using a spatial nlodel. independent analyses with 
lateral loads applied in one direction only may be perfon11ed. 

(3) For buildings conforn1ing to the regularity criteria of 4.2.3.2 or the criteria of 
4.3.3.1 (8)a )-d) the analysis 111ay be perfoITI1ed using two planar Inodels, one for each 
main horizontal direction. 

(4) For low-rise n1asonry buildings, in which structural wall behaviour is d01l1inated 
by shear, each storey n1ay be analysed independently. 

(5) The requirel11ents in (4) are deel11ed to be satisfied if the number of storeys is 3 
or less and if the aspect (height to width) ratio of structural walls is less than 
1,0. 

4.3.3.4.2.2 Lateral loads 

(I) At least two vertical distributions of the lateral loads should be applied: 

- a "uniforn1" pattern, based on lateral forces that are proportional to l11ass regardless 
of elevation (unifol111 response acceleration); 

- a "nl0dal" pattern, proportional to lateral forces consistent with the lateral force 
distributjon in the direction under consideration detern1ined in elastic analysis (in 
accordance with 4.3.3.2 or 4.3.3.3). 

(2)P Lateral loads shall be applied at the location of the masses in the l11odel. 
Accidental eccentricity in accordance with 4.3.2(1)P shall be taken into account. 

4.3.3.4.2.3 Capacity curve 

(1) The relation between base shear force and the control displacen1ent (the 
"capacity curve") should be detenl1ined by pushover analysis for values of the control 
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displacen1ent ranging between zero and the value corresponding to 150o/c) of the target 
displacelnent, defined in 4.3.3.4.2.6. 

(2) The control displacenlent may be taken at the centre of mass of the roof of the 
building. The top of a penthouse should not be considered as the roof. 

4.3.3.4.2.4 Overstrength factor 

(1) When the overstrength ratio (at / al) is deternlined by pushover analysis, the 
lower value of the overstrength factor obtained for the two lateral load distributions 
should be used. 

4.3.3.4.2.5 Plastic mechanism 

(1)P The plastic nlechanisl11 shall be detenl1ined for the two lateral load distributions 
applied. The plastic Inechanislns shall conform to the tnechanisms on which the 
behaviour factor q used in the design is based. 

4.3.3.4.2.6 Target displacement 

(l)P The target displacenlent shall be defined as the seislnic demand derived fr0111 the 
elastic response spectrum of 3.2.2.2 in terms of the displacenlent of an equivalent 
single-degree-of-freedonl systenl. 

NOTE Informative Annex B gives a procedure for the determination of I.he 
from the elastic response spectrum. 

4.3.3.4.2.7 Procedure for the estimation of the torsional effects 

displacement 

(l)P Pushover analysis perfonlled with the force patterns specified in 4.3.3.4.2.2 may 
significantly underestinlate defornlations at the stiff/strong side of a torsionally flexible 
structure, i.e. a structure with a predominantly torsional first lnode of vibration. The 
same applies for the stiff/strong side defonnations in one direction of a structure with a 
predonlinately torsional second l110de of vibration. For such structures, displacenlents at 
the stiff/strong side shall increased, cOlnpared to those in the corresponding 
torsionally balanced structure. 

NOTE The stiff/strong side in plan is the one that develops smaller horizontal displacements 
than the opposite under static lateral forces parallel to it. For torsionally flexible structures, 
the dynamic displacements at the stiff/strong side may considerably increase due to the intluence 
of the predominantly torsional mode. 

(2) The requirelnent specified in (1) of this subclause is deenled to be satisfied if the 
amplification factor to be applied to the displacenlents of the stiff/strong side is based 
on the results of an elastic 1110dal analysis of the spatial 1110del. 

(3) If two planar Inodels are used for analysis of structures \vhich are regular in 
plan, the torsional effects may be estinlated in accordance with 4.3.3.2.4 or 4.3.3.3.3. 

4.3.3.4.3 Non-linear time-history analysis 

(1) The time-dependent response of the structure nlay be obtained through direct 
nunlerical integration of its differential equations of 1110tio11, using the acce]erogranls 
defined in 3.2.3.1 to represent the ground 11lotions. 
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(2) The structural elelnent 1110dels should confonn to 4.3.3.4.1(2)-(4) and be 
supplen1ented with rules describing the elenlent behaviour under post-elastic unloading
reloading cycles. These rules should rea1istically reflect the energy dissipation in the 
elenlent over the range of displacenlent amplitudes expected in the seisn1ic design 
situation. 

(3) If the response is obtained fron1 at least 7 nonlinear tinle-history analyses with 
ground motions in accordance with 3.2.3.1, the average of the response quantities from 
all of these analyses should be used as the desjgn va1ue of the action effect in the 
relevant verifications of 4.4.2.2. Otherwise, the n10st unfavourable value of the response 
quantity among the analyses should be used as Ed. 

4.3.3.5 Combination of the effects of the components of the seismic action 

4.3.3.5.1 Horizontal components of the seismic action 

(l)P In general the horizontal con1ponents of the seisn1ic action (see 3.2.2. t (3») shall 
be taken as acting sinlu1taneously. 

(2) The combination of the horizontal COn1p0l1ents of the selsn11C action Inay be 
accounted for as follows. 

a) The structural response to each cOll1ponent shall be evaluated separately, using the 
con1binatioll rules for n10dal responses given in 4.3.3.3.2. 

b) The maxinlUl11 value of each action effect on the structure due to the two horizontal 
conlponents of the seisnlic action nlay then be estin1ated by the square root of the sum 
of the squared values of the action effect due to each horizontal component. 

c) The rule b) generally gives a side estinlate of the probable values of other action 
effects sinlultaneous with the nlaxi111l1111 value obtained as in b). More accurate nlodels 
nlay be used for the estiInation of the probable silnu]taneous values of 1110re than one 
action effect due to the two horizontal C0111p0l1ents of the seisnlic action. 

(3) As an alternative to b) and c) of (2) of this subclause, the action effects due to 
the conlbination of the horizontal components of the seisn1ic action nlay be conlputed 
using both of the two fonowing cOl11binations: 

a) "+" O,30EEdy 

b) 0,30EEdx "+" 

( 4.18) 

( 4.19) 

where 

"+" inlplies "to be cOlnbined 'with"; 

represents the action effects due to the application of the seisll1ic action along 
the chosen horizontal axis x of the stlucture; 

EEdy represents the action effects due to the application of the sanle seis111ic action 
along the orthogonal horizontal axis y of the structure. 
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(4) If the structural systeln or the regularity c1assification of the building in 
elevation is different in different horizontal directions, the value of the behaviour factor 
q 111ay also be different. 

(5)P The sign of each con1ponent in the above con1binations shall be taken as being 
the most unfavourable for the particular action effect under consideration. 

(6) When using non-linear static (pushover) analysis and applying a spatial model, 
the c0111bination rules of (2) and (3) in this subclause should be applied, considering the 
forces and deforn1ations due to the application of the target displacement in the x 
direction as EEdx and the forces and defonnations due to the application of the target 
displacement in the .y direction as The internal forces resulting frol11 the 
c0111bination should not exceed the corresponding capacities. 

(7)P When using non-linear time-history analysis and en1ploying a spatial n10del of 
the structure, sin1ultaneously acting accelerogran1s shall be taken as acting in both 
horizontal directions. 

(8) For buildings satisfying the regularity criteria in plan and in which walls or 
independent bracing systems in the two n1ain horizontal directions are the only primary 
seis111ic elen1ents (see 4.2.2), the seismic action 111ay be assulned to act separately and 
without cOlnbinations (2) and (3) of this subclause, along the two n1a1n orthogonal 
horizontal axes of the structure. 

4.3.3.5.2 Vertical component of the seismic action 

(l) T f is greater than 0,25 g (2,5 n1/s2) the vertical c0111ponent of the seis111ic 
action, as defined in 3.2.2.3, should be taken into account in the cases listed below: 

for horizontal or nearly horizontal structural n1en1bers spanning 20 n1 or n10re; 

for horizontal or nearly horizontal cantilever c0111ponents longer than 5 n1; 

for horizontal or nearly horizontal pre-stressed cOll1ponents; 

- for beams supporting COlUl1111S; 

in base-isolated structures. 

(2) The analysis for determining the effects of the vertical component of the seis111ic 
action ll1ay be based on a partial 1110del of the structure, which includes the elen1ents on 
which the vertical con1ponent is considered to act (e.g. those listed in the previolls 
paragraph) and takes into account the stiffness of the adjacent elen1ents. 

(3) The effects of the vertical c0111ponent need be taken into account only for the 
elements under consideration (e.g. those listed in (1) of this subclause) and their directly 
associated supporting elelnents or substructures. 

(4) If the horizontal components of the seisnlic action are also relevant for these 
elelnents, the rules in 4.3.3.5.1(2) may be applied, extended to three conlponents of the 
seismic action. Alternatively, all three of the following conlbinations 111ay be llsed for 
the con1putation of the action effects: 

a) "+" 0,30 EEdy "+" 0,30 EEdz (4.20) 
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b) OJO "+" EEdy "+" 0,30 EEdz 

c) 0,30 EEdx. "+" 0,30 "+" EEdz 

where 

"+" inlpJies "to be combined with"; 

EEdx and EEdy are as in 4.3.3.5.1(3); 

(4.21 ) 

(4.22) 

EEdz represents the action effects due to the application of the vertical c0111ponent of 
the design seis111ic action as defined in 3.2.2.5(5) and (6). 

(5) If non-linear static (pushover) analysis is perfornled, the vertical conlponent of 
the seismic action 111ay be neglected. 

4.3.4 Displacement calculation 

(I)P I f linear analysis is perfonned the displacenlents induced by the design seislnic 
action shall be calculated on the basis of the elastic defornlations of the structural 
systelll by means of the following sinlplified expression: 

(4.23) 

where 

ds is the displacel11ent of a point of the structural systenl induced by the design 
seisl11ic action; 

qd is the displacenlent behaviour factor, assunled equal to q unless otherwise 
specified; 

de is the displace111ent of the sall1e point of the structural system, as detennined by 
a linear analysis based on the design response spectrunl in accordance with 
3.2.2.5. 

The value of ds does not need to be larger than the value derived fro111 the elastic 
spectrunl. 

NOTE In general qd is larger than q if the fundamental period of the structure is less than (see 
Figure B.2 ). 

(2)P When detenl1ining the displacelllents dc, the torsional effects of the seismIC 
action shall be taken into account. 

(3) For both static and dynanlic non-linear analysis, the displacements deternlined 
are those obtained directly froll1 the analysis without further 1110dification. 

4.3.5 Non-structural elements 

4.3.5.1 General 

(l)P Non-structural elenlents (appendages) of buildings (e.g. parapets, gables, 
antennae, 111echanical appendages and equipnlent, curtain walls, partitions, railings) that 
n1ight, in case of failure, cause risks to persons or affect the 111ain structure of the 
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building or services of critical facilities, shall, together \vith their supports, be verified 
to resist the design seisnlic action. 

(2)P For non-stluctural elen1ents of great iluportance or of a particularly dangerous 
nature, the seismic analysis shall be based on a realistic nlodel of the relevant structures 
and on the use of appropriate response spectra derived fron1 the response of the 
supporting structural eleluents of the luain seis111ic resisting systenl. 

(3) In all other cases properly justified sin1plifications of this procedure (e.g. as 
given in 4.3.5.2(2) are al1owed. 

4.3.5.2 Verification 

(l)P The non-structural elenlents, as well as their connections and attachnlents or 
anchorages, shall be verified for the seismic design situation (see 3.2.4). 

NOTE The local transmission of actions to the structure by the fastening of non-structural 
elements and their influence on the structural behaviour should be taken into account. The 
requirements for fastenings to concrete are given in EN I. 992-1-1:2004,2.7. 

(2) The effects of the seisnlic action nlay be deternlined by applying to the nOl1-

structural elen1ent a horizontal force Fa which is defined as follows: 

(4.24) 

where 

Fa is the horizontal seismic force, acting at the centre of 111aSS of the non-structural 
elen1ent in the n10st unfavourable direction; 

Wa is the weight of the element; 

Sa is the seisnlic coefficient applicable to non-structural elen1ents, (see (3) of this 
subclause ); 

Ya is the inlportance factor of the element, see 4.3.5.3; 

qa is the behaviour factor of the elenlent, see Table 4.4. 

(3) The seislnic coefficient Sa luay be calculated using the following expression: 

(4.25) 

where 

a is the ratio of the design ground acceleration on type A ground, ag, to the 
acceleration of gravity g; 

S is the soil factor; 

Ta is the fundamental vibration period of the non-structural elenlent; 

is the fundan1ental vibration period of the building in the relevant direction; 

z is the height of the non-structural eleluent above the level of application of the 
seislnic action (foundation or top of a rigid baselllent); and 
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H is the building height lneasured fron1 the foundation or fron1 the top of a rigid 
basement. 

value of the SeiS1l1ic coefficient Sa IlJay not be taken less than a-S. 

4.3.5.3 Importance factors 

(l)P For the following non-structural elen1ents the in1portance factor 1<"1 shall not be 
less than 1,5: 

- anchorage elements of n1achinery and equipment required for life safety systenls; 

tanks and vessels containing toxic or explosive substances considered to be 
hazardous to the safety of the general public_ 

(2) In all other cases the ilnportance factor Ya of non-structural elenlents may be 
assumed to be Xl 1,0. 

4.3.5.4 Behaviour factors 

(1) Upper 1ill1it values of the behaviour factor qu for non-structural elelnents are 
given in Table 4.4. 

Table 4.4: Values of qa for non-structural elements 

T pe of non-structural element 

Cantilevering parapets or ornanlentations 

Signs and billboards 

Chilnneys, n1asts and tanks on legs acting as unbraced cantilevers along 
nlore than one half of their total heioht 

Exterior and interior walls 

Partitions and facades 

Chimneys, n1asts and tanks on legs acting as unbraced cantilevers along 
less than one half of their total height, or braced or guyed to the structure 
at or above their centre of lnass 

Anchorage elelnents for pennanent cabinets and book 
the floor 

4.3.6 Additional measures for masonry in filled frames 

4.3.6.1 General 

supported by 

ht fixtures 

1,0 

2,0 

(1)P 4.3.6.1 to 4.3.6.3 apply to fI,atne or frame equivalent dual concrete systelns of 
DCH (see Section 5) and to steel or steel-concrete con1posite nlonlent resisting franles 
of DCH Sections 6 and 7) with interacting non-engineered n1asonry infills that 
fulfil al] of the following conditions: 
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a) they are constructed after the hardening of the concrete franles or the assembly of the 
steel franle; 

b) they are in contact with the fralTIe (i.e. without special separation joints), but without 
structural connection to it (through ties, belts, posts or shear connectors); 

c) they are considered in principle as non-structural elenlents. 

(2) Although the scope of 4.3.6.1 to 4.3.6.3 is lilTIited in accordance with (1)P of 
this subclause, these subclauses provide criteria for good practice, which it nlay be 
advantageous to adopt for DCM or DCL concrete, steel or composite structures with 
masonry infills. In particular for panels that might be vulnerable to out-of-plane failure, 
the provision of ties can reduce the hazard of falling masonry. 

(3)P The provisions in 1.3(2) regarding possible future nlodification of the structure 
shall apply also to the infills. 

(4) For wall or wall-equivalent dual concrete syste111S, as well as for braced steel or 
steel-concrete COll1posite systenls, the interaction with the 1113sonry infills nlay be 
neglected. 

(5) If engineered masonry infills constitute part of the seisll1ic resistant structural 
systenl, analysis and design should be carried out in accordance with the criteria and 
rules given in ~Section 9@il for confined nlasonry. 

(6) The requirelTIents and criteria given in 4.3.6.2 are deenled to be satisfied if the 
rules given in 4.3.6.3 and 4.3.6.4 and the special rules in Sections 5 to 7 are followed. 

4.3.6.2 Requirements and criteria 

(l)P The consequences of inegularity in plan produced by the infil1s shal1 be taken 
into account. 

(2)P The consequences of irregularity in elevation produced by the inftlls shall be 
taken into account. 

(3)P Account shall be taken of the high uncertainties related to the behaviour of the 
infills (nanlely, the variability of their Inechanical properties and of their attachnlent to 
the surrounding fran1c, their possible n10dification during the use of the building, as 
well as their non-unifornl degree of danlage suffered during the earthquake itself). 

(4)P The possibly adverse local effects due to the fiame-infill-interaction (e.g. shear 
failure of COIUlTInS under shear forces induced by the diagonal strut action of infills) 
shall be taken into account (see Sections 5 to 7). 

4.3.6.3 Irregularities due to masonry infills 

4.3.6.3.1 Irregularities in plan 

(1) Strongly irregular, unsynln1etrical or non-unifoll11 alTangen1ents of infills in plan 
should be avoided (taking into account the extent of openings and perforations in infill 
panels). 
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(2) In the case of severe irregularities in plan due to the unsYlnlnetrical arrangement 
of the infills (e.g. existence of infills nlainly along two consecutive faces of the 
building), spatial models should be used for the analysis of the structure. Infills should 
be included in the nl0del and a sensitivity analysis regarding the position and the 
properties of the 111fi11s should be perfornled (e.g. by disregarding one out of three or 
four infi]] panels in a planar fratne, especially on the l1l0re flexible sides). Special 
attention should be paid to the verification of structural elenlents on the flexible sides of 
the plan (i.e. furthest away from the side where the infil1s are concentrated) against the 
effects of any torsional response caused by the infills. 

(3) lnfill panels with 1110re than one significant opening or perforation (e.g. a door 
and a window, etc.) should disregarded in l1l0dels for analyses in accordance with (2) 
of this subclause. 

(4) When the l1lasonry infills are not regularly distributed, but not in such a way as 
to constitute a severe irregularity in plan, these irregularities nlay be taken into account 
by increasing by a factor of 2,0 the of the accidental eccentricity calculated in 
accordance with 4.3.3.2.4 and 4.3.3.3.3. 

4.3.6.3.2 Irregularities in elevation 

(1)P If there are considerable irregularities in elevation (e.g. drastic reduction of 
infiIJs in one or nlore storeys compared to the others), the seislnic action effects in the 
vertical elelnents of the respective storeys shal1 be increased. 

(2) If a 11lore precise nlodel is not used, (l)P is deelned to be satisfied if the 
calculated seisl1l1c action effects are anlplified by a 111agnification factor '7 defjned as 
follows: 

) q (4.26) 

where 

~ VRw is the total reduction of the resistance of masonry walls in the storey concerned, 
conlpared to the nlore infilled storey above it; and 

is the sunl of the seisnlic shear forces acting on all vertical primary seismic 
ll1enlbers of the storey concerned. 

(3) If expressio11 (4.26) leads to a ll1agnification factor '7 lower than 1, I, there is no 
need for 11lodification of action effects. 

4.3.6.4 Damage limitation of infills 

(I) For the structural systenls quoted in 4.3.6.1(1)P belonging to all ductility classes, 
DeL, M or H, except in cases of low seismicity 3.2.1(4)), appropriate nleasures 
should be taken to avoid brittle failure and prel11ature disintegration of the infill walls 
(in particular of lnasonry panels with openings or of friable nlaterials), as well as the 
partial or total out-of-plane collapse of slender Inasonry panels. Particular attention 
should be paid to 111asonry panels with a slendell1ess ratio (ratio of the smaller of length 
or height to thickness) of greater than 15. 
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(2) Exan1ples of 111easures in accordance with (1) of this subclause, to improve both 
in-plane and out-of-plane integrity and behaviour, include light \vire meshes \vell 
anchored on one face of the wall, wall ties fixed to the columns and cast into the 
bedding planes of the 111asonry, and concrete posts and belts across the panels and 
through the full thickness of the wall. 

(3) If there are large openings or perforations in any of the inftll panels, their edges 
should be trin1111ed with belts and posts. 

4.4 Safety verifications 

4.4.1 General 

(l)P For the safety verifications the relevant lin1]t states (see 4.4.2 and 4.4.3 below) 
and specific n1easures (see 2.2.4) shal1 be considered. 

(2) For buildings of in1portance classes other than IV (see Table 4.3) the 
verifications prescribed in 4.4.2 and 4.4.3 may be considered satisfied if both of the 
following two conditions are 111et. 

a) The total base shear due to the seisluic design situation calculated with a behaviour 
factor equal to the value applicable to lOW-dissipative structures (see 2.2.2(2))is less 
than that due to the other relevant action c0111binations for which the building is 
designed on the basis of a linear elastic analysis. This requireluent relates to the shear 
force over the entire structure at the base level of the building (foundation or top of a 
rigid baseluent). 

b) The specific measures described in 2.2.4 are taken il1to account, with the exception of 
the provisions in 2.2.4.1(2)-(3). 

4.4.2 Ultimate limit state 

4.4.2.1 General 

(l)P The no-collapse require111ent (ultin1ate lin1it state) under the seismic design 
situation is considered to have been Inet if the following conditions regarding resistance, 
ductility, equilibriu111, foundation stability and seis111ic joints are 111et. 

4.4.2.2 Resistance condition 

(l)P The following relation shall be satisfied for all structural elenlents including 
connections and the relevant non-structural elenlents: 

(4.27) 

where 

Ed is the design value of the action effect, due to the seisn1ic design situation (see 
EN 1990:2002 6.4.3.4), including, if necessary, second order effects (see (2) of 
this subc1ause). Redistribution of bending InOlnents in accordance with EN 
1992-1-1 :2004, IEi)EN 1993-1-1 :2005@1] and EN 1994-1-1 :2004 is pen11itted; 
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Rd is the corresponding design resistance of the elelnent, calculated in accordance 
with the rules specific to the nlaterial used (in tenTIS of the characteristic values 

of nlaterial properties Ik and partial factor /1vl) and in accordance with the 
mechanical n10de]s which relate to the specific type of structural systelTI, as 
given in Sections 5 to 9 of this document and in other relevant 
documents. 

(2) Second-order effects (P-L). effects) need not be taken into account if the 
following condition is fulfilled in all storeys: 

(4.28) 

where 

e is the interstorey drift sensitivity coefficient; 

Plot is the total gravity load at and above the storey considered in the seisnlic '-'''''''J.''''''''. 

situation; 

dr is the interstorey drift, evaluated as the difference of the average lateral 
displacen1ents ds at the top and bottonl of the storey under consideration and 
calculated in accordance with 4.3.4; 

Vlot is the total SeiS111ic storey shear and 

h is the interstorey height. 

(3) If 0,1 < e::; 0,2, the second-order effects nlay approxinlately be taken into 

account by n1ultiplying the relevant seisnlic action effects by a factor equal to 1/0 8). 

(4)P value of the coefficient e shall not ~",~~~.f'I 0,3. 

(5) If design action effects Eel are obtained through a nonlinear ll1ethod of analysis 
(see 4.3.3.4), (1)P of this subclause should be applied in ternlS of forces only for brittle 
elelTIents. For dissipative zones, which are designed and detailed for ductility, the 
resistance condition, expression (4.27), should be satisfied in ternlS of lTIelTIber 
defonllations (e.g. plastic hinge or chord rotations), with appropriate l11aterial partial 
factors applied on nlelTIber defornlation capacities (see also EN 1992- :2004, 5.7(2); 
5.7(4)P). 

(6) Fatigue resistance does not need to be verified under the seisnlic design 
situation. 

4.4.2.3 Global and local ductility condition 

(l)P It shall be verified that both the structural elenlents and the structure as a whole 
possess adequate ductility, taking into account the expected exploitation of ductility, 
which depends on the selected systelTI and the behaviour factor. 

(2)P Specific nlaterial related requirenlents, as defined in Sections 5 to 9, shall be 
satisfied, including, when indicated, capacity design provisions in order to obtain the 
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hierarchy of resistance of the various structural cOl1lponents necessary for ensuring the 
intended configuration of plastic hinges and for avoiding brittle failure modes. 

(3)P In multi-storey buildings forn1atio11 of a soft storey plastic l1lechanism shall be 
prevented, as such a mechanism nlight entail excessive local ductility demands in the 
COiUl1l11S of the soft storey. 

(4) Unless otherwise specified in Sections 5 to 8, to satisfy the requirement (3)P, 
in fran1e buildings, including franle-equivalent ones as defined in 5.1.2(1), with two or 
Inore storeys, the follovving condition should be satisfied at all joints of prinlary or 
secondary seisnlic bemns with prilnary seisl1lic COlUlllns: 

( 4.29) 

where 

INJRC is the SUlll of the design values of the l110nlents of resistance of the C01Ul1l11S 
franling the joint. The lllinimunl value of COlUnlll nlonlents of resistance within 
the range of colUlnn axial forces produced by the seisnlic design situation should 
be used in expression (4.29); and 

IM~b is the SUln of the design values of the nlonlents of resistance of the beanls 
fraIning the joint. When partial strength connections are llsed, the 1110111ents of 
resistance of these cOlUlections are taken i11to account in the calculation of 

I~i\1Rb. 

NOTE A rigorous interpretation of expression (4.29) requires calculation of the moments at 1 he 
centre of the joint. These moments correspond to development of the values of the 
moments of resistance of the columns or beams at the outside faces of the joint, plus a suitable 
allowance for moments due to shears at the joint faces. However, the loss in accuracy is minor 
and the simplification achieved is considerable if the shear allowance is neglected. This 
approximation is then deemed to be acceptable. 

(5) Expression (4.29) should be satisfied in two orthogonal vertical planes of 
bending, which, in buildings with frmnes arranged in two orthogonal directions, are 
defined by these two directions. It should be satisfied for both directions (positive and 
negative) of action of the beanl l1l01nents around the joint, with the COlUl1ll1 nlonlents 
always opposing the beanl monlents. If the structural systenl is a franle or equivalent to 
a franle in only one of the two 111ain horizontal directio11s of the structural systenl, then 
expression (4.29) should be satisfied just within the vertical plane through that 
direction. 

(6) The rules of (4) and (5) of this subclause are waived at the top level of 111ulti-
storey buildings. 

(7) Capacity design rules to avoid brittle failure 1110des are given in Sections 5 to 7. 

(8) The requirenlents of (J)P and (2)P of this subclause are dee111ed to be satisfied jf 
all of the following conditions are satisfied: 

a) plastic Inechanis111S obtained by pushover analysis are satisfactory; 
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b) global. interstorey and local ducti lity and defof111ation denlands frOl11 pushover 
analyses (with different lateral load patterns) do not exceed the corresponding 
capacities; 

c) brittle elenlents renlain in the elastic region. 

4.4.2.4 Equilibrium condition 

(l)P The building structure shall be stable - including overturning or sliding - in the 
seismic design situation specified in 1990:2002 6.4.3.4. 

(2) In special cases the equilibriunl nlay be verified by means of energy balance 
111ethods, or by geonletrically non-linear Inethods with the seislllic action defined as 
described in 3.2.3.1. 

4.4.2.5 Resistance of horizontal diaphragms 

(l)P Diaphragms and bracings in horizontal planes shall be able to trans111it, with 
sufficient overstrength, the effects of the design seisnlic action to the lateral load
resisting systenls to which they are connected. 

(2) The requirement in (1)P of this subclause is considered to be satisfied if the 
relevant resistance verifications the seisnlic action effects in the diaphragm obtained 

fron1 the analysis are multiplied by an overstrength factor Yd greater than 1,0. 

NOTE The values to be ascribed to Ycl for use in a country may be found in its 1\ational Annex. 
The recommended value for brittle failure modes, such as in shear in concrete diaphragms is 1.3, 
and for ductile failure modes is ],1. 

(3) Design provisions for concrete diaphragnls are given in 5.10. 

4.4.2.6 Resistance of foundations 

(l)P The foundation system shall confol1n to EN 1998-5:2004, Section 5 and to 
1997 -1:2004. 

(2)P The action effects for the foundation elenlents shall be derived on the basis of 
capacity design considerations accounting for the developnlent of possible overstrength, 
but they need not exceed the action effects corresponding to the response of the 
structure under the seisnlic design situation inherent to the assunlption of an elastic 
behaviour (q 1,0). 

(3) If the action effects for the foundation have been detenl1ined using the value of 
the behaviour factor q applicable to low-dissipative structures (see 2.2.2(2)), no capacity 
design considerations in accordance with (2)P are required. 

(4) F or foundations of individual vertical elenlents (wal Is or colmnns), (2)P of this 
subclause is considered to be satisfied if the design values of the action effects EFd 011 

the foundations are derived as fo]lows: 

E Fd + (4.30) 
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where 

/1\d is the overstrength factor, taken as being equal to 1,0 for q :s: 3, or as being equal 
to 1,2 otherwise; 

EF,G is the action etTect due to the 110n-seisl1Iic actions included in the combination of 
actions for the seismic design situation (see EN 1990:2002, 6.4.3.4); 

EF,E is the action effect from the analysis of the design seisnIic action; and 

fl is the value of (Rd/Edi) :s: q of the dissipative zone or elenlent i of the structure 
which has the highest influence on the effect under consideration; where 

Rdi is the design resistance of the zone or element i; and 

is the design value of the action effect on the zone or eletl1ent i in the seisnIic 
design situation. 

(5) For foundations of structural walls or of colunlns of nIonIent-resisting franIes, n 
is the nlininlunl value of the ratio jl,;lRdlj~f[d in the two orthogonal principal directions at 
the lowest cross-section where a plastic hinge can forn1 in the vertical eJenlent, in the 
seismic design situation. 

(6) For the foundations of cohnTIns of concentric braced franles, fl is the mininlunl 
value of the ratio lVpl,RdlNEd over all tensile diagonals of the braced franle (see 6.7.4(1)). 

(7) For the foundations of COlUlTInS of eccentric braced franles, n is the minimun1 of 
the following two values: of the lTIininlUn1 ratio atllong all short seismic links, 
and of the n1inimum ratio .A1pl,RiMEd anlong all internlediate and long links in the braced 
fratTIe (see 6.8.3(1)). 

(8) For comInon foundations of nlore than one vertical elen1ent (foundation bemTIs, 
strip footings, rafts, etc.) (2)P is deen1ed to be satisfied if the value of fl used in 
expression (4.30) is derived fron1 the vertical elen1ent with the largest horizontal shear 
force in the design seisnlic situation, or, alternatively, if a value fl 1 is used in 
expression (4.30) with the value of the overstrength factor /1{d increased to 1,4. 

4.4.2.7 Seismic joint condition 

(l)P Buildings shall be protected fronl earthquake-induced pounding fi.-onl adjacent 
structures or between structurally independent units of the sanle building. 

(2) (I)P is deenled to be satisfied: 

(a) for buildings, or structurally independent units, that do not belong to the san1e 
property, if the distance from the property line to the potential points of in1pact is not 
less than the Inaxin1un1 horizontal displacenlent of the building at the corresponding 
level, calculated in accordance with expression (4.23); 

(b) for buildings, or structura1ly independent units, belonging to the same property, 
if the distance between then1 is not less than the square root of the SU111- of the squares 
(SRSS) of the Inaxin1um horizontal displacen1ents of the two buildings or units at the 
corresponding level, calculated in accordance with expression (4.23). 
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(3) If the floor elevations of the building or independent unit under design are the 
same as those of the adjacent building or unit, the above referred IninilllUlTI distance 
may be reduced by a factor of 0,7. 

4.4.3 Damage limitation 

4.4.3.1 General 

(1) "damage limitation requirenlent" is considered to have been satisfied, if, 
under a seisnlic action having a larger probability of occurrence than the design seisl11ic 
action corresponding to the "no-collapse requirelllent" in accordance with 2.1(1)P and 
3.2.1 (3), the interstorey drifts are limited in accordance vvith 4.4.3.2. 

(2) Additional dat11age 1i111itation verifications might be required in the case of 
buildings in1portant for civil protection or containing sensitive equiplnent. 

4.4.3.2 LiI11itation of interstorey drift 

(1) Unless otherwise specified in Sections 5 to 9, the following li111its shall be 
observed: 

a) for buildings having non-structural elenlents of brittle n1aterials attached to the 
structure: 

d r v :::; 0,005 h: (4.31) 

b) for buildings having ductile non-structural elel11ents: 

( 4.32) 

c) for buildings having non-structural ele111ents fixed in a way so as not to interfere with 
structural deformations, or without non-structural elen1ents: 

( 4.33) 

where 

dr is the design interstorey drift as defined in 4.4.2.2(2); 

h is the storey height; 

v is the reduction factor which takes into account the lower return period of the 
seismic action associated with the danlage lin1itation requirelnent. 

(2) The value of the reduction factor v nlay also depend on the in1portance class of 
the building. Implicit in its use is the assunlption that the elastic response spectrunl of 
the seislnic action under which the "damage lin1itation requirenlent" should be Inet (see 
3.2.2.1 (1 )P) has the satne shape as the elastic response spectrU111 of the design seisll1ic 
action corresponding to the "~no-col1apse requirement@JT' in accordance with 
2.1 (1)P and 3.2.1 (3). 
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the seismic hazard conditions and on the protection of property objective. The recommended 
values of vare 0,4 for importance classes III and IV and v = 0,5 for importance classes I and II. 
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5 SPEClFICRULES FOR CONCRETE BUILDINGS 

5.1 General 

5.1.1 Scope 

(l)P Section 5 applies to the design of reinforced concrete buildings in seis111ic 
regions, henceforth caned concrete buildings. Both nl0nolithicaHy cast-in-situ and 
precast buildings are addressed. 

(2)P Concrete buildings with flat slab franles used as primary seismic elenlents in 
accordance with 4.2.2 are not fully covered by this section 

(3)P F or the design of concrete buildings EN 1992-1-1 :2004 applies. 
rules are additional to those given in EN 1992-1-1 :2004. 

5.1.2 Terms and definitions 

(l) The following tcrn1S are used in section 5 with the following nleanings: 

critical region 

fonowing 

region of a pri111ary seisn1ic element, where the 1110st adverse conlbination of action 
effects (M, N, V, T) occurs and where plastic hinges 111ay form 

beam 

NOTE In concrete buildings critical regions are dissipative zones. The length of the critical 
is defined for each type of primary seismic element ill the relevant clause of this section. 

structural elenlent subjected 111ainly to transverse loads and to a nonnalised design axial 
force Vd lVEdIAc.!cd of 110t greater than 0,1 (co111pression positive) 

NOTE In general, beams are horizontal. 

colUlnn 
structural elenlent, supporting gravity loads by axial c0111pression or subjected to a 

nOl1.11alised design axial force \l(j = NEdlAc.fcd of than 0,1 

NOTE In columns are verticaL 

wall 
structural elen1ent supporting other elements and having an elongated cross-section with 
a length to thickness ratio of greater than 4 

.NOTE In general, the pJane of a wall is vertical. 

ductile wall 
walJ fixed at its base so that the relative rotation of this base with respect to the rest of 
the structural systenl is prevented, and that is designed and detailed to dissipate energy 
in a flexural plastic hinge zone free of openings or large perforations, just above its base 
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wall with large cross-sectional dimensions, that is, a horizontal dimension 1\\ at least 
equal to 4,0 In or two-thirds of the height hw of the wall, whichever is less, which is 
expected to develop liInited cracking and inelastic behaviour under the seismic design 
situation 

NOTE Such a wall is expected to transform seismic energy to potential energy (through 
temporary uplift of structural masses) and to energy dissipated in the soil through rigid-body 
rocking, etc. Due to its dimensions, or to lack-of-fixity at the base, or to connectivity with 
transverse \valls preventing plastic hinge rotation at the base, it cannot be designed eftectively 
for energy dissipation through plastic hinging at the base. 

coupled wall 
structural elen1ent C0111posed of two or n10re single walls, connected in a regular pattern 
by adequately ductile bean1s ("coupling bea111s"), able to reduce by at least 2YYO the SU111 
of the base bending nlonlents of the individual walls if working separately 

wall system 
structural syste111 in which both vertical and lateral loads are mainly resisted by vertical 
structural walls, either coupled or uncoupled, whose shear resistance at the building 
base exceeds 65 % of the total shear resistance of the whole structural systen1 

NOTE 1 In this definition and in the ones to follow, the fraction of shear resistance may be 
substituted by the fraction of shear forces in the seismic design situation. 

NOTE 2 If most of the total shear resistance of the walls included in the system is provided by 
coupled walls, the system may be considered as a coupled wall system. 

frame system 
structural systenl in which both the vertical and lateral loads are 111ain ly resisted by 
spatial franles whose shear resistance at the building base exceeds 650/0 of the total shear 
resistance of the whole structural systen1 

dual system 
structural systen1 in which support for the vertical loads is tnainly provided by a spatial 
franle and resistance to lateral loads is contributed to in part by the fran1e systen1 and in 
part by structural walls, coupled or uncoupled 

frame-equivalent dual system 
dual system in which the shear resistance of the franle systein at the building base is 
greater than 50% of the total shear resistance of the whole structural systenl 

wall-equivalent dual system 
dual systen1 in which the shear resistance of the walls at the building base is higher than 
50% of the total seisll1ic resistance of the whole structural systenl 

torsionally flexible system 
dual or vvall syste111 not having a n1ininlUln torsional rigidity (see 5.2.2.1 (4)P and (6» 

NOTE 1 An example of this is a structural system consisting of flexible frames combined with 
walJs concentrated near the centre of the building in plan. 
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NOTE 2 This definition does not cover systems containing several extensively perforated walls 
around vertical services and facilities. For slIch systems the most appropriate definition of the 
respective overall structural configuration should be chosen on a case-by-case basis. 

inverted pendulum system 
system in which or nlore of the nlass IS 111 the upper third of the height of the 
structure, or in which the dissipation of energy takes place mainly at the base of a single 
building element 

NOTE One-storey f}'ames with column lops connected alol1g both main directions of the building 
and \'Iith the value of the column normalized axial load \r~1 nowhere exceeding 0,3, do 110t belong 
in this category. 

5.2 Design concepts 

5.2.1 Energy dissipation capacity and ductility classes 

(I)P The design of earthquake resistant concrete buildings shall provide the structure 
with an adequate capacity to dissipate energy without substantial reduction of its overall 
resistance against horizontal and vertical loading. To this end, the requirements and 
criteria of Section 2 apply. In the seisnlic design situation adequate resistance of all 
structural elenlents shall be provided, and non-linear deformation denlands in critical 
regions should be commensurate with the overall ductility assunled in calculations. 

(2)P Concrete buildings Inay alternatively be designed for low dissipation capacity 
and low ductility, by applying only the rules of EN 1992-1-1 :2004 for the seisnlic 
design situation, and neglecting the specific provisions given in this section, provided 
the requirements set forth in 5.3 are met. For buildings which are not base-isolated 
Section 10), design with this alternative, termed ductility class L (lO\v), is reconlmended 
only in low seislnicity cases (see 3.2.1 (4»). 

(3)P Earthquake resistant concrete buildings other than those to which (2)P of this 
subclause appl1es, shall be designed to provide energy dissipation capacity and an 
overall ductile behaviour. Overall ductile behaviour is ensured if the ductility delnand 
involves globally a large VOlU111e of the structure spread to different elements and 
locations of all its storeys. To this end ductile modes of failure tlexure) should 
precede brittle failure 1110des shear) with sufficient reliability. 

(4)P Concrete buildings designed in accordance with (3)P of this subclause, are 
classified in two ductility classes DCM (tnedium ductility) and DCH (high ductility), 
depending on their hysteretic dissipation capacity. Both classes cOlTespond to buildings 
designed, dimensioned and detailed in accordance with specific earthquake resistant 
provisions, enabling the structure to develop stable mechanisnls associated with large 
dissipation of hysteretic energy under repeated reversed loading, without suffering 
brittle failures. 

(5)P To provide the appropriate anlount of ductility in ductility classes M and H , 
specific provisions for all structural ele111ents shall be satisfied in each class (see 5.4 -
5.6). In correspondence with the different available ductility in the two ductility classes, 
different values of the behaviour factor q are used for each class (see 5.2.2.2). 
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NOTE Geographical limitations on the use of ductility classes M and H may be found in the 
relevant National Annex. 

5.2.2 Structural types and behaviour factors 

5.2.2.1 Structural types 

(l)P Concrete buildings shall be classified into one of the following structural types 
(see 5.1.2) according to their behaviour under horizontal seisnlic actions: 

a) franle systenl; 

b) dual systenl (frmne or wall equivalent); 

c) ductile wall systeln (coupled or uncoupled); 

d) systeul of large lightly reinforced walls; 

e) inverted pendulU111 systeln; 

t) torsionally flexible systeul. 

(2) Except for those classified as torsionally flexible systems, concrete buildings 
nlay be classified to one type of structural systen1 in one horizontal direction and to 
another in the other. 

(3)P A wall systenl shall be classified as a systenl of large lightly reinforced walls if, 
in the horizontal direction of interest, it c0111prises at least two walls with a horizontal 
dilllension of not less tha11 4,0 111 or 2hw/3, whichever is less, which collectively support 
at least 20% of the total gravity load fronl above in the seisnlic design situation, and has 
a fundalnental period ,for assunled fixity at the base against rotatio11, less than or 
equal to O,S s. It is sufficient to have only one wall ll1eeting the above conditions in one 
of the two directions, provided that: (a) the basic value of the behaviour factor, q<h in 
that direction is divided by a factor of 1,S over the value given in Table S.l and (b) that 
there are at least two walls 111eeting the above conditions in the orthogonal direction. 

(4)P The first four types of systel11s (i.e. franle, dual and wall systenls of both types) 
shall possess a l1linimu111 torsional rigidity that satisfies expression ( 4.1 b) in both 
horizontal directions. 

(S) For frame or wall systems with vertical elelnents that are well distributed in 
plan, the requirement specified in (4)P of this subclause 111ay be considered as being 
satisfied without analytical verification. 

(6) FraJne, dual or wall systenls without a n1ini111U111 torsional rigidity in accordance 
with (4)P of this subclause should be classified as torsionally flexible systenls. 

(7) If a structural system does not quality as a systenl of large lightly reinforced 
walls according to (3)P above, then all of its walls should be designed and detailed as 
ductile walls. 
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5.2.2.2 Behaviour factors for horizontal seismic actions 

(I)P The upper linlit value of the behaviour factor q, introduced in 3.2.2.5(3) to 
account for energy dissipation capacity, shall be derived for each design direction as 
fo1]o\vs: 

(5.1) 

where 

qo is the basic value of the behaviour factor, dependent on the type of the structural 
systenl and on its regularity in elevation (2) of this subclause); 

kw is the factor reflecting the prevailing failure nlode in structural systems with 
walls (see (11)P of this subclause). 

(2) For buildings that are regular in elevation in accordance with 4.2.3.3, the basic 
values of qo for the various structural types are given in Table 5.1. 

Table 5.1: Basic value of the behaviour factor, qo, for systems regular in elevation 

STRUCTURAL TYPE DCM DCH 

Franle systenl, dual systenl, coupled wall systenl 3,0 au/a I 4,5 au/a I 

Uncoupled wall systenl 3,0 4,0 a/a] 

Torsionally f1exible systenl 2,0 3,0 

I Inverted pendulunl systenl 1,5 2,0 

(3) For buildings which are not regular in elevation, the value of qu should be 
reduced by 200/0 (see 4.2.3.1(7) and Table 4.1). 

(4) al and au are defined as follows: 

al is the value by which the horizontal seisnlic design action is Inultiplied in order 
to first reach the flexural resistance in any Inenlber in the structure, while all 
other design actions relnain constant; 

au is the value by which the horizontal seisnlic design action is nll11tiplied, in order 
to form plastic hinges in a number of sections sufficient for the developlllent of 
overall structural instability, while all other design actions renlain constant. The 
factor au nlay be obtained fr01n a nonlinear static (pushover) global analysis. 

(5) When the 111ultiplication factor au/a] has not been evaluated through an explicit 
calculation, for buildings which are regular in plan the following approxinlate values of 
a/ al Inay be used. 

a) Frames or franle-equivalent dual systelTIs. 
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b) Wall- or wall-equivalent dual systenls. 

- wall systenls with only two uncoupled walls per horizontal direction: a/a 1 1,0; 

other uncoupled wa] I systenls: a/ al = 1, I; 

wall-equivalent dual, or coupled wall systenls: au/a] 1,2. 

(6) For buildings which are not regular in plan (see 4.2.3.2), the approximate value 
of a/a 1 that n1ay be used when calculations are not perf01l11ed for its evaluation are 
equal to the average of (a) 1,0 and of (b) the value given in (5) of this subclause. 

(7) Values of au/a) higher than those given in (5) and (6) of this subclause ll1ay be 
used, provided that they are confinned through a nonlinear static (pushover) global 
analysis. 

(8) The InaximUlTI value of at/a 1 that n1ay be used in the design is equal to I even 
when the analysis ll1entioned in (7) of this subclause results in higher values. 

(9) The value of qo given for inverted pendulull1 syste1TIS may be increased, if it can 
be shown that a correspondingly higher energy dissipation is ensured in the critical 
region of the structure. 

(10) If a special and fo1'n1al Quality Systen1 Plan is applied to the design, 
procuren1ent and construction in addition to no1'n1al quality control schen1es, increased 
values of qo may be allo\ved. The increased values are not allowed to exceed the va1ues 
given in Table 5.1 by n10re than 20%. 

NOTE The values to be ascribed to qo for use in a country and possibly in particular projects in 
the country depending on the special Quality System Plan, may be found in its National Annex. 

(11)P The factor kw reflecting the prevailing failure n10de in structural systenls with 
walls shall be taken as follows: 

1
1,00, for frame and frame equivalent dual systems I 

kw = (1+a o )/3 1,butnotlessthanO,5,forwall,wall-equivalent and torsionally (5.2) 

, flexible systems 

where ao is the prevailing aspect ratio of the walls of the structural systen1. 

(12) If the aspect ratios hw/1wi of aU walls i of a structural systen1 do not significantly 
differ, the prevailing aspect ratio ao nlay be determined fron1 the following expression: 

(5.3) 

where 

hWi is the height of wall i; and 

lWi is the length of the section of \,vall i. 

(13) Syste1TIS of 1arge lightly reinforced walls cannot rely on energy dissipation in 
plastic hinges and so should be designed as DCM structures. 
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5.2.3 Design criteria 

5.2.3.1 General 

(I) The design concepts in 5.2.1 and in Section 2 shall be implenlented into the 
earthquake resistant structural elenlents of concrete buildings as specified in 5.2.3.2 -
5.2.3.7. 

(2) The design criteria in 5.2.3.2 - 5.2.3.7 are deenled to be satisfied, if the rules in 
5.4 - 5.7 are observed. 

5.2.3.2 Local resistance condition 

(I)P All critical regions of the structure shallineet the requirenlents of 4.4.2.2(1). 

5.2.3.3 Capacity design rule 

(I)P Brittle failure or other undesirable failure 111echanisnls (e.g. concentration of 
plastic hinges in colunlns of a single storey of a multistorey building, shear failure of 
structural elenlents, failure of beanl-colu111n joints, yielding of foundations or of any 
elenlent intended to rel11ain elastic) sha11 be prevented, by deriving the design action 
effects of selected regions from equilibriu111 conditions, assUllling that plastic hinges 
with their possible overstrengths have been fornled in their adjacent areas. 

(2) The prinlary seisnlic colunlns of frame or fraIne-equivalent concrete structures 
should satisfy the capacity design requirelnents of 4.4.2.3(4) with the following 
exemptions. 

a) In plane franles with at least fOLlr colunlns of about the sanle cross-sectional size, it is 
not necessary to satisfy expression (4.29) in al1 colunlns, but just in three out of every 
four colunlns. 

b) At the bottonl storey of two-storey buildings if the value of the nornlalised axial load 
Vd does not exceed 0,3 in any column. 

(3) Slab reinforcenlent parallel to the bealn and within the effective flange width 
specified in 5.4.3.1.1 (3), should be assunled to contribute to the beam flexural capacities 
taken into account for the calculation of IMRb in expression (4.29), if it is anchored 
beyond the bealn section at the face of the joint. 

5.2.3.4 Local ductility condition 

(l)P For the required overall ductility of the structure to be achieved, the potential 
regions for plastic hinge fornlation, to be defined later for each type of building elenlent, 
sha11 possess high plastic rotational capacities. 

(2) Paragraph (1)P is deenled to be satisfied if the following conditions are nlet: 

a) a sufficient curvature ductility is provided in all critical regions of prinlary seismic 
elenlents, including colunln ends (depending on the potential for plastic hinge forn1ation 
in COlU11111S) (see (3) of this subclause); 
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b) local buckling of c0111pressed steel within potential plastic hinge regions of prin1ary 
seismic elen1ents is prevented. Relevant application rules are given in 5.4.3 and 5.5.3~ 

c) appropriate concrete and steel qualities are adopted to ensure local ductility as 
follows: 

- the steel used in critical regions of prinlary seisn1ic elements should have higb 
unifolm plastic elongation (see 5.3.2(1 )P, 5.4.1.1(3)P, 5.5.1.1(3)P); 

the tensile strength to yield strength ratio of the steel used in critical regions of 
prin1ary seismic elelTIents should be significantly higher than unity. Reinforcing 
steel conforn1ing to the requ irenlents of 5.3.2(1)P, 5.4.1.1 (3)P or 5.5.1.1(3)P, as 
appropriate, may be deemed to satisfy this requirement; 

the concrete used in prill1ary seisn1ic elements should possess adequate compressive 
strength and a fracture strain which exceeds the strain at the n1aximum compressive 
strength by an adequate n1m"gin. Concrete conforming to the requirements of 
5.4.t.l(1)P or 5.S.1.1(1)P, as appropriate, may be deemed to satisfy these 
requiren1ents. 

(3) Unless nlore precise data are available and except when (4) of this subclause 
applies, (2)a) of this subclause is deen1ed to be satisfied if the curvature ductility factor 
fI¢ of these regions (defined as the ratio of the post-ultin1ate strength curvature at 850/0 
of the mOlTIent of resistance, to the curvature at yield, provided that the lin1iting strains 
of concrete and steel Eel! and are not exceeded) is at least equal to the following 
values: 

(5.4) 

(5.5) 

where qo is the corresponding basic value of the behaviour factor from Table 5.1 and TI 
is the fundan1ental period of the building, both taken within the vertical plane in which 
bending takes place, and is the period at the upper linlit of the constant acceleration 
region of the spectrun1, according to 3.2.2.2(2)P. 

NOTE Expressions (5.4) and (5.5) are based on the relationship between jl,i, and the displacement 

ductility factor, jlc)': jlr,6 2jl6 -1, which is normally a conservative approximation for concrete 
members, and on the following relationship between jl6 and q: 11{:,=q if jl6= I 1 ) TcIT, 
if (see also B5 in Informative Annex B). The vallie of qo is llsed instead of that of q, 
because q will be lower than q(l in irregular buildings, recognising that a higher lateral resistance 
is needed to protect them. However, the local ductility demands may actually be higher than 
those corresponding to the value of q, so a reduction in the curvature ductility capacity is not 
warranted. 

(4) In critical regions of prin1ary seisn1ic elelTIents with longitudinal reinforcement 
of steel class B in EN 1992-1 1 :2004, Table C.l, the curvature ductility factor fir/! should 
be at least equal to 1,5 times the value given by expression (5.4) or (5.5), whichever 
applies. 
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5.2.3.5 Structural redundancy 

(I )P A high degree of redundancy accompanied by redistribution capacity shall be 
sought, enabling a nlore widely spread energy dissipation and an increased total 
dissipated energy. Consequently structural systems of lower static indetenninacy shall 
be assigned lower behaviour factors (see Table 5.1). The necessary redistribution 
capacity shall be achieved through the local ductility rules given in 5.4 to 5.6. 

5.2.3.6 Secondary seismic menlbers and resistances 

(l )P A linlited nun1ber of structural nlembers ll1ay be designated as secondary 
seisnlic menlbers in accordance \vith 4.2.2. 

(2) Rules for the design and detailing of secondary seisll1ic elements are given in 
5.7. 

(3) Resistances or stabilising effects not explicitly taken illtO account in calculations 
may enhance both strength and energy dissipation (e.g. ll1embrane reactions of slabs 
nlobilised by upward deflections of structural \valls). 

(4) Non-structural elenlents nlay also contribute to energy dissipation, if they are 
unifornlly distributed throughout the structure. Measures should be taken against 
possible local adverse effects due to the interaction between structural and nonstructural 
elements (see 5.9). 

(5) For nlasonry infilled franles (which are a conlnlon case of non-structural 
elenlents) special rules are given in 4.3.6 and 5.9. 

5.2.3.7 Specific additional measures 

(1)P Due to the random nature of the seisnlic action and the uncertainties of the 
post-elastic cyclic behaviour of concrete structures, the overall uncertainty is 
substantially higher than with non-seismic actions. Therefore, nleasures shall be taken 
to reduce uncertainties related to the structural configuration, to the analysis, to the 
resistance and to the ductility. 

(2)P Important resistance uncertainties lTIay be produced by geoll1etric errors. To 
minimize this type of uncertainty, the following rules shall be applied. 

a) Certain nlininlunl dinlensions of the structural elenlents shall be respected (see 
5.4.1.2 and 5.5.1.2) to decrease the sensitivity to geonletric errors. 

b) The ratio of the ll1ininlUl11 to the nlaximunl dinlension of linear elenlents shall be 
linlited, to nlininlize the risk of lateral instability of these elenlents (see 5.4.1.2 and 
5.5.1.2.1 (2)P). 

c) Storey drifts shall be linlited, to linlit P-~ effects in the colunlns (see 4.4.2.2(2)-(4)). 

d) A substantial percentage of the top reinforcenlent ofbeanls at their end cross-sections 
shall continue along the entire length of the beam (see 5.4.3.1.2(5)P, 5.5.3.1.3(5)P) to 
account for the uncertainty in the location of the inflection point. 
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e) Account shall be taken of reversals of n10111ents not predicted by the analysis by 
providing 111ininlUln reinforcenlent at the relevant side of beams (see 5.5.3.1.3). 

(3)P To 111ininlize ductility uncertainties, the following rules shall be observed. 

a) A 111inill1Ul11 of local ductility shall be provided in all prinlary seismic elenlents. 
independently of the ductility class adopted in the design (see 5.4 and 5.5). 

b) A 111ini111um a1110unt of tension reinforcement shall be provided, to avoid brittle 
failure upon cracking (see 5.4.3 and 5.5.5). 

c) An appropriate linlit of the nonnalised design axial force shall be respected (see 
5.4.3.2.1(3)P, 5.4.3.4.1(2), 5.5.3.2.1(3)P and 5.5.3.4.1(2)) to reduce the consequences of 
cover spalling and to avoid the large uncertainties ill the available ductility at high levels 
of applied axial force. 

5.2.4 Safety verifications 

(l)P For ultinlate li111it state verifications the partial factors nlaterial properties Yc 
and Ys shall take into account the possible strength degradation of the lnaterials due to 
cyclic deformations. 

(2) If nlore specific data are not available, the values of the partial factors Yc and Ys 
adopted for the persistent and transient design situations should be applied, assmning 
that due to the local ductility provisions the ratio between the residual strength after 
degradation and the initial one is roughly equal to the ratio between the 1M values for 
accidental and funda111ental load cOlnbinations. 

(3) If the strength degradation is appropriately accounted for in the evaluation of the 
nlaterial properties, the )1vt values adopted for the accidental design situation may be 
used. 

NOTE 1 The values ascribed to the material partial factors Ie and y, for the persistent and 
transient design situations and the accidental design situations for use in a country may be t()lJnd 
in its National Annex to EN 1992-1-1:2004. 

NOTE 2 The National Annex may specify whether the ;V;vl values to be used for earthquake 
resistant design are those for the persistent and transient or for the accidental situations. 
Intermediate values may even be chosen in the National Annex, depending on how the material 
properties under earthquake loading are evaluated. The recommended choice is that of (2) in this 
subclause, which allows the same value of the resistance to be Llsed for the persistent and 
transient design situations (e.g. gravity loads with wind) and for the seismic design situation. 

5.3 Design to EN 1992-1-1 

5.3.1 General 

(l) SeiS111ic design for low ductility (ductility class L), following 1992-1 1:2004 
without any additional requirelnents other than those of 5.3.2, is recon1nlended only for 
low seisnlicity cases (see 3.2.1(4)). 
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5.3.2 Materials 

(1)P In primary seismic elelnents (see 4.2.2), reinforcing steel of class B or C in EN 
1992-1-1 :2004, Table C.l shall be used. 

5.3.3 Behaviour factor 

(1) A behaviour factor q of up to 1,5 may be used in deriving the seismic actions, 
regardless of the structural systen1 and the regularity in elevation. 

5.4 Design for DCYI 

5.4.1 Geometrical constraints and materials 

5.4.1.1 Material requirements 

(l)P Concrete of a class lower than C 16/20 shall not be used in prinlary SeiS111ic 
elenlents. 

(2)P With the exceptions of closed stirrups and cross-ties, only ribbed bars shall be 
used as reinforcing steel in critical regions of prilnary seismic elenlents. 

(3)P In critical regions of primary seisnlic elenlents reinforcing steel of class B or C 
in EN 1992-1-1 :2004, Table C.1 shall be used. 

(4)P Welded wire nleshes nlay be used, if they nleet the requirenlents in (2)P and 
(3)P of this subclause. 

5.4.1.2 Geometrical constraints 

5.4.1.2.1 Beams 

(1)P The eccentricity of the bemn axis relative to that of the COIU11111 into which it 
franles shall be linlited, to enable efficient transfer of cyclic m0111ents fron1 a prinlary 
seis111ic bea111 to a colunl11 to be achieved. 

(2) To enable the requirelnent specified in (l)P to met the distance between the 
centroidal axes of the two lnelnbers should be liInited to less than bcl4, where be is the 
largest cross-sectional diInension of the colunln nornlal to the longitudinal axis of the 
bemn. 

(3)P take advantage of the favourable effect of colunl11 compression on the bond 
of horizontal bars passing through the joint, the width bw of a primary seislnic beam 
shall satisfy the following expression: 

(5.6) 

where hw is the depth of the beam and be is as defined in (2) of this subclause. 
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5.4.1.2.2 Columns 

(l) Unless e ::;; 0,1 (see 4.4.2.2(2)), the cross-sectional dimensions of primary 
seisluic colunlns should not be S111aller than one tenth of the larger distance between the 
point of contraflexure and the ends of the COIUnll1, for bending within a plane parallel to 
the COlU11111 dilnensiol1 considered. 

5.4.1.2.3 Ductile Walls 

(1) The thickness of the web, bwo, (in nletres) should satisfy the following 
expreSSIOn: 

bwo Z luax {O, 15, 11/20) (5.7) 

where hs is the clear storey height in 111etres. 

(2) Additional requirenlents apply with respect to the thickness of the confined 
boundary elenlents of walls, as specified in 5.4.3.4.2(10) 

5.4.1.2.4 Large lightly reinforced walls 

(l) The provision in 5.4.1.2.3(1) applies also to large lightly reinforced walJs. 

5.4.1.2.5 Specific rules for beams supporting discontinued vertical elements 

(l)P Structural walls shaH not rely for their support on beanls or slabs. 

(2)P For a prinlary seislnic bealu supporting columns discontinued below the beam, 
the following rules apply: 

a) there shall be no eccentricity of the colunln axis relative to that of the beam; 

b) the beanl shall be supported by at least two direct supports, such as walls or columns. 

5.4.2 Design action effects 

5.4.2.1 General 

(l)P With the exception of ductile priluary SeiS111ic walls, for which the special 
provisions of 5.4.2.4 apply, the design values of bending m01uents and axial forces shall 
be obtained fronl the analysis of the structure for the seisnlic design situation in 
accordance with EN 1990:2001 6.4.3.4, taking into account second order effects in 
accordance with 4.4.2.2 and the capacity design requirenlents of 5.2.3.3(2). 
Redistribution of bending moments in accordance with EN 1992-1 1 is penllitted. The 
design values of shear forces of prinlary seisnlic beanls, COIU111nS, ductile walls and 
lightly reinforced walls, are deternlined in accordance with 5.4.2.2, 5.4.2.3, 5.4.2.4 and 
5.4.2.5, respectively. 

5.4.2.2 Beams 

(l)P In pritnary seisnlic beanls the design shear forces shall be determined in 
accordance with the capacity design rule, on the basis of the equilibriu111 of the beanl 
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under: a) the transverse load acting on it in the seiSlnic design situation and b) end 
1110n1ents N~,d (with i=1) denoting the end sections of the beam), corresponding to 
plastic hinge formatioll for positive and negative directions of seismic loading. The 
plastic hinges should be taken to fo1'111 at the ends of the bean1s or (if they forn1 there 
first) in the vertical elen1ents connected to the joints into which the bean1 ends frame 
(see Figure 5.1). 

(2) Paragraph (l)P of this subclause should be implen1ented as fonows. 

a) At end section i, two values of the acting shear force should be calculated, i.e. the 
n1aX1111um and the 111ininlun1 cOITesponding to the lnaximunl positive 
and the tnaximum negative end monlents that can develop at ends 1 and 2 of the 
bean1. 

b) End nl0n1ents A1J.d 111 (1)P and in (2) a) of this subclause n1ay be detennined as 
follows: 

where 

1\1/ Rb.i n1in(l,..::::::::~- (5.8) 

is the factor accounting for possible overstrength due to steel strain hardening, 
which in the case of DCM bean1s n1ay be taken as being equal to 1,0; 

MRb,i is the design value of the beatn mon1ent of resistance at end i in the sense of the 
seisnlic bending nlon1ent under the considered sense of the seislnic action; 

IMRc and IMRb are the sun1 of the design values of the n10J11ents of resistance of the 
colll1nns and the SUln of the design values of the n10111ents of resistance of the 
beanls fran1ing into the joint, respectively (see 4.4.2.3(4)). value of IMRc 
should correspond to the colunln axial force(s) in the seis111ic design situation for 
the considered sense of the seismic action. 

c) At a bean1 end where the bean1 is supported indirectly by another beanl, instead of 
[raIning into a vertical n1elnber, the beam end n101nent Mj,d there n1ay be taken as being 
equal to the acting nlonlent at the bean1 end section in the seisn1ic design situation. 

Figure 5.1: Capacity design values of shear forces on beams 
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(1)P In prilnary seisJTIic co]ulTInS the design values of shear forces shall be 
deternlined in accordance with the capacity design rule, on the basis of the equilibrium 
of the column under end lTIOlnents Ali ,d (with i= 1,2 denoting the end sections of the 
colmnn), cOlTesponding to plastic hinge forn1ation for positive and negative directions 
of SeiS111ic loading. The plastic hinges should be taken to forn1 at the ends of the beams 
connected to the joints into which the colunln end fran1es, or (if they forn1 there tirst) at 
the ends of the colUlnns (see Figure 5.2). 

(2) End monlents U,d in (l)P of this subclause may be detennined tl-onl the 
following expression: 

where 

. L,MRb r Rd M Rc,i Inm(1, L, ) (5.9) 

Ji~d is the factor accounting for overstrength due to steel strain hardening and 
confinenlent of the concrete of the cOlnpression zone of the section, taken as 
being equal to 1,1; 

MRc,i is the design value of the colu111n InOlnent of resistance at end i in the sense of 
the seisnlic bending InOlnent under the considered sense of the seismic action; 

L:MRc and L:NiRb are as defined in 5.4.2.2(2). 

(3) The values of MRc,i and I.MRc should correspond to the colunln axial force(s) in 
the seismic design situation for the considered sense of the seislnic action. 
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Figure 5.2: Capacity design shear force in columns 

5.4.2.4 Special provisions for ductile walls 

(l)P Uncertainties in the analysis and post-elastic dynaInic effects shall be taken into 
account, at least through an appropriate simplified method. If a 1110re precise nlethod is 
not available, the rules in the following clauses for the design envelopes for bending 
moments, as well as the nlagnification factors for shear forces, Inay be used. 

(2) Redistribution of seismic action effects between prinlary seisnlic walls of up to 
300/0 is allowed, provided that the total resistance delnand is not reduced. Shear forces 
should be redistributed along with the bending nl01nents, so that in the individual walls 
the ratio of bending m0111ents to shear forces is not appreciably affected. In walls 
subjected to large fluctuations of axial force, as e.g. in coupled walls, 1110ments and 
shears should be redistributed from the wall(s) which are under low conlpression or 
under net tension, to those which are under high axial conlpression. 

(3) In coupled walls redistribution of seisnlic action effects between coupling bea111s 
of different storeys of up to 200/0 is allowed, provided that the seislllic axial force at the 

92 



BS EN 1998-1 :2004 
EN 1998-1 :2004 (E) 

base of each individual wall (the resultant of the shear forces in the coupling beanls) is 
not affected. 

(4)P Uncertainties regarding the nlonlent distribution along the height of slender 
prinlary seisnlic walls (with height to length ratio greater than 2,0) shall be 
covered. 

(5) The requirenlent specified in (4)P of this subclause nlay satisfied by applying, 
irrespective of the type of analysis used, the following sinlplified procedure. 

The design bending I110111ent diagranl along the height of the wall should be given by an 
envelope of the bending 1110111ent djagranl frOl11 the analysis, vertically displaced 
(tension shift). The envelope ll1ay be assunled linear, if the structure does not exhibit 
significant discontinuities of ll1ass, stiffness or resistance over its height Fjgure 
5.3). The tension shift should be consistent with the strut inclination taken in the ULS 
verification for shear, with a possible fan-type pattern of struts near the base, and with 
the floors acting as ties. 

Key 

a nlonlent diagranl fr0111 analysis 

b design envelope 

al tension shift 

Figure 5.3: Design envelope for bending moments in slender walls 
(left: wall systems; right: dual systems). 

(6)P The possible increase in shear forces after yielding at the base of a pril11ary 
seismic wal1, shall be taken into account. 

(7) The requirenlent specified in (6)P of this subclause nlay be satisfied if the design 
shear forces are taken as being 50% higher than the shear forces obtained frOll1 the 
analysis. 

(8) In dual systenls containing slender walls the design envelope of shear forces in 
accordance with Figure 5.4 should be used, to account for uncertainties in higher 1110de 
effects. 
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a shear diagram from analysis 

b ll1agnified shear diagram 

c design envelope 
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Figure 5.4: Design envelope of the shear forces in the walls of a dual systenl. 

5.4.2.5 Special provisions for large lightly reinforced ,valls 

(l)P To ensure that flexural yielding precedes attainn1ent of the ULS in shear, the 
shear force fro111 the analysis shall be increased. 

(2) requiren1ent in (I)P of this subclause is considered to be satisfied if at 
storey of the wall the design shear force VEd is obtained from the shear force calculated 
froll1 the analysis, V' Ed, in accordance with the following expression: 

/ / q +1 
I Ed = i Ed 2 (5.10) 

(3)P The additional dynaJnic axial forces developed in large walls due to uplifting 
fro111 the soil, or due to the opening and closing of horizontal cracks, sha11 be taken into 
account in the ULS verification of the wall for flexure with axial force. 

(4) Unless the results of a nlore precise calculation are available, the dynalnic 
conlponent of the wall axial force in (3)P of this subclause ll1ay be taken as being 500/0 
of the axial force in the wall due to the gravity loads present in the seisnlic design 
situation. This force should be taken to have a plus or a nliuus sign, whichever is n10st 
unfavourable. 

(5) If the value of the behaviour factor q does not exceed 2,0, the effect of the 
dynanlic axial in (3) and (4) of this subclause may be neglected. 
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5.4.3 ULS verifications and detailing 

5.4.3.1 Beams 

5.4.3.1.1 Resistance in bending and shear 

BS EN 1998-1 :2004 
EN 1998-1 :2004 (E) 

(1) The bending and shear resistances should be c01TIputed in accordance with EN 
1992-1-1 :2004. 

(2) The top-reinforcenlent of the end cross-sections of prinlary seis111ic beams with a 
T - or L-shaped section should be placed nlainly within the width of the web. Only part 
of this reinforcenlent l11ay be placed outside the width of the web, but within the 
effective flange width belT. 

(3) The effective flange width berr ll1ay be assunled to be as follows: 

a) for prilTIary SeiS111ic bem11s framing into exterior COlU111nS, the eflective flange 
width berr is taken, in the absence of a transverse bean1, as being equal to the width be of 
the column (Figure 5.5b), or, if there is a transverse bealTI of similar depth, equal to this 
width increased by 2hr on each side of the bean1 (Figure 5.5a); 

b) for prin1ary SeiSlTIic bemTIs framing into interior COlUll111S the above widths may 
be increased by 2111' on each side of the beanl (Figure 5.5c and d). 

a c 

d 

I
:':':':':':~i 
hi lflii •• 1<.". 111_ •• ,,' . . . . . . . ; 
Ji/altl!lllll_»Ii£ • 
• • ' •.• ' II • 

I;,:j~ ~;;;,:i:j 

Figure 5.5: Effective flange ,vidth heff for beams framing into columns 
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5.4.3.1.2 Detailing for local ductility 

(l)P The regions of a pri111ary seis111ic beanl up to a distance ler (where hw denotes 
the depth of the beam) fi'om an end cross-section where the beam franles into a beanl
column joint, as well as from both sides of any other cross-section liable to yield in the 
seismic design situation, shall be considered as being critical regions. 

(2) In primary seis111ic beanls supporting discontinued (cut-off) vertical elenlents, 
the regions up to a distance of 2hw on each side of the supported vertical elenlent should 
be considered as being critical regions. 

(3)P To satisfy the local ductility requirelnent in the critical regions of primary 
seisnlic beams, the value of the curvature ductility factor Ji¢ shall be at least equa1 to the 
value given in 5.2.3.4(3). 

(4) The requirenlent specified in (3)P of this subclause is deenled to be satisfied, if 
the following conditions are 111et at both flanges of the beanl. 

a) at the conlpression zone reinforcenlent of not less than half of the reinforcenlent 
provided at the tension zone is placed, in addition to any conlpression reinforcelnent 
needed for the ULS verification of the beanl in the seismic design situation. 

b) The reinforcement ratio of the tension zone p does not exceed a value pmax equal to: 

, 0,0018 f~d 
p+ .-

f~'d 
(5.11) 

with the reinforcenlent ratios of the tension zone and compression zone, p and p', both 
nornlalised to bd, where b is the width of the conlpression flange of the beam. If the 
tension zone includes a slab, the anlount of slab reinforcenlent parallel to the beanl 
within the effective flange width defined in 5.4.3.1.1(3) is included in p. 

(5)P Along the entire length of a primary seisnlic bean), the reinforcelnent ratio of the 
tension zone, p, sha11 be not less than the fo11owing 111ininlunl value pmin: 

Pm in 
o,sr/:·"" '\ 

\ fyk ) 
(5.l2) 

(6)P Within the critical regions of prinlary se1smlC beanls, hoops satisfying the 
following conditions shall be provided: 

a) The dianleter dbw of the hoops (in nlillilnetres) shall be not than 6. 

b) The spacing, ,)', of hoops (1n lnillimetres) shall not exceed: 

(5.13) 

where 

is the nlininlunllongitudinal bar diaIl1eter (in nlillinletres); and 
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hw the beanl depth (in nlillillletres). 
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c) The first hoop shall be placed not tnore than 50 111111 fron1 the beam end section (see 
Figure 5.6). 

<50mm 
-+H"'-

.I I 
I I s 

/ 
/ 

/ 
v 

Figure 5.6: Transverse reinforcement in critical regions of beams 

5.4.3.2 Columns 

5.4.3.2.1 Resistances 

(l)P Flexural and shear resistance shall be C0111puted in accordance with EN 1992-1-
1 :2004, using the value of the axial force from the analysis in the seisnlic design 
situation. 

(2) Biaxial bending nlay be taken into account in a sinlplified way by carrying out 
the verification separately in each direction, with the uniaxial 1110111ent of resistance 
reduced by 30%. 

(3)P In primary seismic columns the value of the nornlalised axial force Vd shall not 
exceed 0,65. 

5.4.3.2.2 Detailing of primary seismic columns for local ductility 

(l)P The total longitudinal reinforcenlent ratio PI shall be not less than 0,01 and not 
more than 0,04. In symnletrical cross-sections synln1etrical reinforcenlent should be 
provided (p = pj. 

(2)P At least one intellnediate bar shall be provided between corner bars along each 
column side, to ensure the integrity of the be3111-colun1n joints. 

(3)P The regions up to a distance ler fron1 both end sections of a prin1ary seisnlic 
column shall be considered as being critical regions. 

(4) In the absence of more precise infolTI1ation, the length of the critical region fer (in 
metres) 111ay be C0111puted fr0111 the following expression: 

leI' = max {he ; 1 cl /6; 0,45} (5.14) 
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where 

he is the largest cross-sectional dinlension of the COlU111n (in metres); and 

leI is the clear length of the column (in 111etres). 

(5)P If le1he<3, the entire height of the prinlary seislnic column shan be considered as 
being a critical region and shall be reinforced accordingly. 

(6)P In the critical region at the base of prilnary seisnlic colunlns a value of the 
curvature ductility factor, /-l¢, should be provided, at least equal to that given in 
5.2.3.4(3). 

(7)P If for the specified value of /-l¢a concrete strain larger than £cu2=0,0035 is needed 
anywhere in the cross-section, cOlnpensation for the loss of resistance due to spalling of 
the concrete shall be achieved by nleans of adequate con:finenlent of the concrete core, 
on the basis of the properties of confined concrete in EN 1992-1-1 :2004, 3.1.9. 

(8) The requirelnents specified in (6)P and (7)P of this subclause are deelned to be 
satisfied if: 

(5.15) 

where 

(01\'(/ is the mechanical volmnetric ratio of confining hoops within the critical regions 

[

CV
Wd 

= volume of confining hoops. ; 
, VOlU1l1e of concrete core j~d 

/-l (p is the required value of the curvature ductility factor; 

Vcl is the nOrIl1alised design axial force (Vd NEd/Ae:!eq); 

$"y,d is the design value of tension steel strain at yield; 

he is the gross cross-sectional depth (parallel to the horizontal direction in which 
the value of /-l$ used in (6)P of this subclause applies); 

ho is the depth of confined core (to the centreline of the hoops); 

be is the gross cross-sectional width; 

bo is the width of confined core (to the centreline of the hoops); 

a is the confinetnent effectiveness factor, equal to a=an'as, with: 

a) For rectangular cross-sections: 

(5.16a) 

(5.17a) 

where 
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n is the total nUlnber of longitudinal bars lateral1y engaged by hoops or cross ties; 
and 

hi is the distance between consecutive engaged bars (see Figure 5.7; also for bo, ho, 
s). 

b) For circular cross-sections with circular hoops and dianleter of confined core Do 
(to the centreline of hoops): 

a =1 
11 

(5.16b) 

(5.17b) 

c) For circular cross-sections with spiral hoops: 

an (5.16c) 

(5.17c) 

J 
V 

I 
V 

Figure 5.7: Confinement of concrete core 

(9) A minimum value of Wwd equal to 0,08 shou1d be provided within the critical 
region at the base of the prinlary seismic colunl11s. 

(lO)P Within the critical regions of the priInary seislnic columns, hoops and cross-ties, 
of at least 6 n1n1 in diaIneter, shall be provided at a spacing such that a nlinimum 
ductility is ensured and local buckling of longitudinal bars is prevented. The hoop 
pattern shall be such that the cross-section benefits fron1 the triaxial stress conditions 
produced by the hoops. 

(11) The minimum conditions of (lO)P of this subclause are deemed to be satisfied if 
the following conditions are lnet. 
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a) The spacing, s, of the hoops (in millin1etres) does not exceed: 

s = n1in {bo/2; 175; Sdbd 

where 

(5.1S) 

bo (in millimetres) is the n1inimum dimension of the concrete core (to the centreline 
of the hoops); and 

dbL is the mlnimun1 diameter of the longitudinal bars (in n1illin1etres). 

b) The distance between consecutive longitudinal bars engaged by hoops or cross-ties 
does not exceed 200 I11n1, taking into account EN 1992-1-1 :2004, 9.5.3(6). 

(12)P The transverse reinforcen1ent within the critical region at the base of the prin1ary 
seisn1ic colun1ns l11ay be detenl1ined as specified in EN 1992-1-1 :2004, provided that 
the value of the non11alised axial load in the seismic design situation is less than 0,2 and 
the value of the behaviour factor q used in the design does not exceed 2,0. 

5.4.3.3 Beanl-column joints 

(1) The horizontal confinel11ent reinforcen1ent in joints of prin1ary seisn1ic bean1s 
with columns should be not less than that specified in 5.4.3.2.2(8)-(11) for the critical 
regions of colun1ns, with the exception of the case listed in the following paragraph. 

(2) If bean1s frame into all four sides of the joint and their width is at least three
quarters of the parallel cross-sectional din1ension of the colun1n, the spacing of the 
hOl-izontal confinement reinforcement in the joint n1ay be increased to twice that 
specified in (1) of thi s subclause, but n1ay not exceed 150 n1111. 

(3)P At least one intermediate (between colUl11n corner bars) vertical bar shall be 
provided at each side of a joint of prin1ary seisn1ic bean1s and colun1ns. 

5.4.3.4 Ductile Walls 

5.4.3.4.1 Hending and shear resistance 

(I )P Flexural and shear resistances shall be con1puted in accordance with EN 1992-1-
1 :2004, unless specified otherwise in the following paragraphs, using the value of the 
axial force resulting fron1 the analysis in the seismic design situation. 

(2) In prin1ary seisn1ic walls the value of the normalised axial load ~I should not 
exceed 0,4. 

(3)P Vertical web reinforcen1ent shall be taken into account in the calculation of the 
flexural resistance of wall sections. 

(4) C01nposite wall sections consisting of connected or intersecting rectangular 
segn1ents (L-, T-, U-, 1- or sin1ilar sections) should be taken as integral units, consisting 
of a web or webs parallel or approximately parallel to the direction of the acting seisll1ic 
shear force and a f1ange or flanges norn1al or approxin1ately norn1al to it. For the 
calculation of flexural resistance, the effective flange width on each side of a web 
should be taken to extend fron1 the face of the web by the n1inin1un1 of: 
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a) the actual flange width; 

b) one-half of the distance to an adjacent web of the wall; and 

c) 2S~/o of the total height of the wall above the level considered. 

5.4.3.4.2 Detailing for local ductility 

(l) The height of the critical region her above the base of the wall nlay be estimated 
as: 

but 

for n S; 6 storeys 

for n z 7 storeys 

(5.19a) 

(S.19b) 

where hs is the clear storey height and where the base is defined as the level of the 
foundation or the top of basement storeys with rigid diaphragnls and perimeter walls. 

(2) At the critical regions of walls a value PcP of the curvature ductility factor should 
be provided~ that is at least equal to that calculated fr0111 expressions (5.4), (5.S) in 
5.2.3.4(3) with the basic value of the behaviour factor C/o in these expressions replaced 
by the product of qo tillles the 111axinlU111 value of the ratio }vlEdIU{d at the base of the 
wall in the seisn1ic design situation, where MEd is the design bending nloment fron1 the 
analysis; and A1Rd is the design t1exural resistance. 

(3) Unless a more precise nlethod is used, the value of 11(1) specified in (2) of this 
subclause nlay be supplied by means of confining reinforcenlent within edge regions of 
the cross-section, ter111ed boundary eleIllents, the extent of which should be deternlined 
in accordance with (6) of this subclause. The an10unt of confining reinforcell1ent should 
be detennined in accordance with (4) and (5) of this subclause: 

(4) For \va1ls of rectangular cross-section, the mechanical volU111etric ratio of the 
required confining reinforcement (~vd in boundary elenlents should satisfy the follo\ving 
expression, with the -values of Pep as specified in (2) of this subclause: 

- 0,03S 
bo 

(S.20) 

where the paranleters are defined in 5.4.3.2.2(8), except (Uv, which is the 111echanical 

ratio vertical web reinforcen1ent (OJv=P\'.{yd./f~d). 

(S) For walls with barbells or flanges, or with a section conslstmg of several 
rectangular parts (T-, 1-, U-shaped sections, etc.) the mechanical volumetric ratio of 
the confining reinforcen1ent in the boundary elen1ents nlay be determined as follows: 
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a) The axial force, and the total area of the vertical reinforcen1ent in the web, 
shall be nonnalised to hcb~fc(" with the width of the barbell or flange in con1pression 

taken as the cross-sectional width bc (~d=.N[d I hebr;fcd, OJv=(AsjhJJelhd lIed). The neutral 
axis depth Xu at ultilnate curvature after spalling of the concrete outside the confined 
core of the boundary elements n1ay be esti111ated as: 

(5.21 ) 

where bo is the width of the confined core in the barbell or flange. If the value of Xu fron1 
expression (5.21) does 110t exceed the depth of the barbell or after spalling of the 
cover concrete, then the nlechanical volUl11etric ratio of the confining reinforcen1ent in 
the barbell or flange is deterll1ined as in a) of this subclause (i.e. fr0111 expression (5.20), 
5.4.3.4.2( 4»), with Vel, OJv, be and bo referring to the width of the barbell or flange. 

b) I f the value of Xu exceeds the depth of the barbell or flange after spalling of the 
cover concrete, the general nlethod 111ay be followed, which is based on: 1) the 
definition of the curvature ductility factor as Prj;=r/Ju I rA, 2) the calculation of rAl as Ceu2.e I 
XII and of rA as I (d - Xy), 3) section equilibriu111 for the estin1ation of neutral axis 
depths Xu and and the values of strength and ultin1ate strain of confined concrete, 

and Ccu2.e given in EN 1992-1-1:2004, 3.1.9 as a function of the effective lateral 
confining stress. The required confining reinforcen1ent, if needed, and the confined wall 
lengths should be calculated accordingly. 

(6) confinen1ent of (3)-(5) of this subclause should extend vertically over the 
height her of the critical region as defined in 5.4.3.4.2(1) and horizontally along a length 
Ie l11easured fron1 the extren1e cOll1pression fibre of the wall up to the point where 
unconfined concrete 111ay spall due to large con1pressive strains. If lTIOre precise data is 
not available, the conlpressive strain at which spalling is expected I11ay be taken as 
being equal to cClt2=0,0035. The confined boundary elen1ent may be limited to a distance 
of xu( 1- ceu:zlceu2.e) fron1 the hoop centreline near the extrel11e c0111pression fibre, with the 
depth of the confined compression zone Xli at ultin1ate curvature estimated fr0111 
equilibriull1 (cf. expression (5.21) for a constant width bo of the confined cOTIlpression 
zone) and the ultil11ate strain ccu2,c of confined concrete estinlated on the basis of EN 
1992-1-1 :2004, 3.1.9 as c.cu2,e=O,0035+0, I aCVwd (Figure 5.8). As a n1inilTIUnl, the length 
Ie of the confined boundary eiel11ent should not be taken as being s111aller than 0,15 ·/w or 
1,50.bw. 
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Xu 

• • • • 

• • • • 

Figure 5.8: Confined boundary element of free-edge waH end 

(top: strains at ultimate curvature; bottom: wall cross-section) 

(7) No confined boundary elen1ent is required over waH flanges with thickness br> 
hs/15 and width lr ?: hJ5, where hs denotes the clear storey height (Figure 5.9). 
Nonetheless, confined boundary elen1ents 111ay be required at the ends of such flanges 
due to out-of-plane bending of the wall . 

Ie> h/5 

bwo 

If bf> h/15 

Figure 5.9: Confined boundary element not needed at wall end with a large 
transverse flange 

(8) The longitudinal reinforcenlent ratio in the boundary eJelnents should be not less 
than 0,005. 

(9) The provisions of 5.4.3.2.2(9) and (11) apply within the boundary elen1ents of 
walls. Overlapping hoops should be used, so that every other longitudinal bar is 
engaged by a hoop or cross-tie. 
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(10) The thickl1ess bw of the confined parts of the wall section (boundary elements) 
should not be less than 200 n1m. Moreover, if the length of the confined part does not 
exceed the nlaxin1un1 of 2b\v and 0,211\~ bw should not be less than h/ 15~ with hs 
denoting the storey height. If the length of the confined part exceeds the lTIaxin1U111 of 
2bw and 0)/" bw should not be less than hsl1 ° (See Figure 5.10). 

>h/10 

15 

t 

Figure 5.10: Minimum thickness of confined boundary elements 

(11) In the height of the wall above the critical region only the relevant rules of EN 
1992-1-1 :2004 regarding vertical, horizontal and transverse reinforcen1ent apply. 
However, in those parts of the section where under the seisnlic design situation the 
con1pressive strain Ec exceeds 0,002, a 111ininlum vertical reinforcenlent ratio of 0,005 
should be provided. 

(12) The transverse reinforcen1ent of the boundary elelTIents (4)-(10) of this 
subclause lTIay be deternl1ned in accordance with EN 1992-1-1 :2004 alone, if one of the 
following conditions is fulfilled: 

a) The value of the norn1alised design axial force Vd is not greater than 0,15; or~ 

b) the value of Vd is not greater than 0,20 and the q-factor used in the analysis is reduced 
by 15%. 

5.4.3.5 Large lightly reinforced walls 

5.4.3.5.1 Bending resistance 

(l)P The ULS in bending with axial force shall be verified assunling horizontal 
cracking, in accordance with the relevant provisions of EN 1992-1-1 :2004, including 
the plane sectio11s assunlption. 

(2)P Normal stresses in the concrete shall be linlited, to prevent out-of-plane 
instability of the walL 
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(3) The requiren1ent of (2)P of this subclause Inay be satisfied on the basis of the 
rules of EN 1992-1-1 :2004 for second-order effects, supplenlented with other rules for 
the nornla] stresses in the concrete if necessary. 

(4) When the dynamic axial force of 5.4.2.5(3)P and (4) is taken into account in the 
ULS verification for bending with axial force~ the lin1iting strain Gcu2 for unconfined 
concrete nlay be increased to 0,005. A higher value l11ay be taken into account for 
confined concrete, in accordance with EN 1992-1-1 :2004~ 3.1.9, provided that spalling 
of the unconfined concrete cover is accounted for in the verification. 

5.4.3.5.2 Shear resistance 

(1) Due to the safety n1aI'gin provided by the magnification of design shear forces in 
5.4.2.5(1)P and (2) and because the response (including possible inclined cracking) is 
defornlation-controlled, wherever the value of VEd fron1 5.4.2.5(2) is than the design 
value of the shear resistance VRd.c in 1992-1 1 :2004, 6.2.2, the mininlunl shear 
reinforcenlent ratio in the web is not required. 

NOTE The value ascribed to PW.l11in for LIse in a country may be found in its National Annex to 
this document. The recommended value is the minimum value for walls in EN ] 992-] -J :2004 
and in its National Annex. 

(2) Wherever the condition VEd::;; VRd•c is not fulfilled, web shear reinforce]l1ent 
should be ca1culated in accordance with EN 1992-1-1 :2004, on the basis of a variable 
inclination truss nl0del, or a strut-and-tie n10del, whichever is n10st appropriate for the 
particular geon1etry of the wall. 

(3) If a strut-and-tie 1110del is used, the width of the strut should take into account 
the presence of openings and should not exceed 0,25/w or 4bwo, whichever is sn1aller. 

(4) The ULS against sliding shear at horizontal construction joints should be 
verified in accordance with EN 1992-1-1 :2004, 6.2.5, with the anchorage length of 
clanlping bars crossing the interface increased by 500/0 over that required by 1992-1-
1 :2004. 

5.4.3.5.3 Detailing for local ductility 

(l) Vertical bars necessary for the verification of the ULS in bending with axial 
force, or for the satisfaction of any nlinin1un1 reinforcen1ent provisions, should be 
engaged by a hoop or a cross-tie with a diameter of not less than 6 111111 or one third of 
the vertical bar dianleter, dbL . Hoops and cross-ties should be at a vertical spacing of not 
1110re than 100 111111 or 8dbL, whichever is less. 

(2) Vertical bars necessary for the verification of the ULS in bending with axial 
force and laterally restrained by hoops and cross-ties in accordance with (1) of this 
subclause should be concentrated in boundary elellle11ts at the ends of the cross-section. 
These elelnents should extend in the direction of the length Iw of the wall over a length 
not less than bw or 3bw O"cll/icd, whichever is greater, where O"CI11 is the lnean value of the 
concrete stress in the compression Z011e in the ULS of bending with axial force. The 
dian1eter of the vertical bars should not be less than l2mn1 in the lower storey of the 
building, or in any storey where the length Iw of the wall is reduced over that of the 
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storey below by n10re than one-third of the storey height hs. In all other storeys the 
diameter of vertical bars should not be less than 10 mnl. 

(3) To avoid a change in the mode of behaviour fron1 one controlled by tlexure to 
another controlled by shear, the amount of vertical reinforce111ent placed in the wall 
section should not unnecessarily exceed the aIllount required for the verification of the 
ULS in flexure with axial load and for the integrity of concrete. 

(4) Continuous steel ties, horizontal or vertical, should be provided: (a) along all 
intersections of walls or connections with flanges; (b) at all floor levels; and (c) around 
openings in the wall. As a nlininlul11, these ties should satisfy EN 1992-1 1 :2004,9.10. 

5.5 Design for DCH 

5.5.1 Geometrical constraints and nlaterials 

5.5.1.1 l\-laterial req uirements 

(l)P A concrete class lower than C 20/25 shall 110t be used 111 pnn1ary seis111ic 
elen1ents. 

(2)P The requirenlent specified in paragraph 5.4.1.1(2)P applies to this subclause. 

(3)P In critical regions of prin1ary seisnlic elenlents, reinforcing steel of class C in 
Table C.l of EN 1992-1 1 :2004 shall be used. Moreover, the upper characteristic (95%
fractile) value of the actual yield strength,.0k,O.95, shall not the n01llinal value by 
Inore than 250/0. 

5.5.1.2 Geometrical constraints 

5.5.1.2.1 Beams 

(l)P The width of primary seisn1ic beaIns shall be 110t less than 200 n1111. 

(2)P The width to height ratio of the web of prinlary seisnlic bean1s shall satisfy 
expression (5.40b) of EN 1992-1-1 :2004. 

(3)P Paragraph 5.4.1.2.1(1)P applies. 

(4) Paragraph 5.4.1.2.1(2) applies. 

(5)P Paragraph 5.4.1.2.1(3)P applies. 

5.5.1.2.2 Columns 

(l)P The nlinimum cross-sectional dinlension of prilnary seisnlic colmnns shall be 
not less than 250 n11n. 

(2) Paragraph 5.4.1.2.2(1) applles. 
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5.5.1.2.3 Ductile Walls 

(I)P The provisions cover single primary seisn1ic walls, as well as individual 
cOll1ponents of coupled prilllary seisnlic walls, under in-plane action effects, with fllil 
enlbedment and anchorage at their base in adequate basenlents or foundations, so that 
the wall is not allowed to rock. In this respect, walls supported by slabs or beanlS are not 
pennitted (see also 5.4.1.2.5). 

(2) Paragraph 5.4.1.2.3(1) applies. 

(3) Additional requirenlents apply with respect to the thickness of the confined 
boundary elelnents of prin1ary seisn1ic walls, as specified in 5.5.3.4.5(8) and (9). 

(4) Randonl openings, not regularly arranged to form coupled walls, should be 
avoided in prinlary seisnlic walls, unless their influence is either insignificant or 
accounted for in analysis, dilnensioning and detailing. 

5.5.1.2.4 Specific rules for beams supporting discontinued vertical elements 

(l)P Paragraph 5.4.1.2.5(1)P applies. 

(2)P Paragraph 5.4.1.2.5(2)P applies. 

5.5.2 Design action effects 

5.5.2.1 Beams 

(1)P Paragraph 5.4.2.1(1)P applies for the design values of bending nlonlents and 
axial forces. 

(2)P Paragraph 5.4.2.2(l)P applies. 

(3) Paragraph 5.4.2.2(2) applies with a value }kd = 1,2 in expression (5.8). 

5.5.2.2 Columns 

(l) Paragraph 5.4.2.1(1)P (which refers also to the capacity design requirenlents in 
5.2.3.3(2)) applies for the design values of bending monlents and axial forces. 

(2)P Paragraph 5.4.2.3(I)P applies. 

(3) Paragraph 5.4.2.3(2) applies with a value rRd 1,3 in expression (5.9). 

(4) Paragraph 5.4.2.3(3) applies. 

5.5.2.3 Beam-column joints 

(l)P The horizontal shear acting on the core of a joint between prin1ary seiS111ic 
bemTIs and colunl11s shall be detell11ined taking into account the 1110St adverse conditions 
under seislnic actions, capacity design conditions for the beanlS franling into the 
joint and the ]o\vest cOll1patible values of shear forces in the other framing elen1ents. 
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(2) Sinlplifled expressions for the horizontal shear force acting on the concrete core 
of the joints nlay be used as follows: 

a) for interior beanl-colunln joints: 

~ihd (S.22) 

b) for exterior beam-colmnn joints: 

(S.23) 

where 

is the area of the beaJn top reinforcenlent; 

is the area of the beanl bottonl reinforcenlent; 

Vc is the shear force in the column above the joint, frOlTI the analysis in the seismic 
situation; 

llzd is a factor to account for overstrength due to steel strain-hardening and should be 
not than 1,2. 

(3) The shear forces acting on the joints shall conespond to the most adverse sense 
of the seisnlic action influencing the values ASl ~ As2 and Vc to be used in expressions 
(S.22) and (5.23). 

5.5.2.4 Ductile Walls 

5.5.2.4.1 Special provisions for in-plane slender walls 

(l )P Paragraph 5.4.2.4(I)P applies. 

(2) Paragraph 5.4.2.4(2) applies. 

(3) Paragraph 5.4.2.4(3) applies. 

(4)P Paragraph 5.4.2.4( 4)P applies. 

(S) Paragraph 5.4.2.4(5) applies. 

(6)P Paragraph 5.4.2.4(6)P applies. 

(7) The requirel11ent of (6)P is deelned to be satisfied if the following sinlplifled 
procedure is applied, incorporating the capacity design rule: 

The design shear forces should be derived in accordance with the expression: 

(S.24 ) 

where 

V' Ed is the shear force fronl the analysis; 
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is the l11agnification factor, calculated froll1 expression (5.25), but not less than 
1,5: 

f::= q' (5.25) 

where 

q is the behaviour factor used in the design; 

U::"d is the design bending mon1ent at the base of the wall; 

MRd is the design flexural resistance at the base of the wall; 

rRd is the factor to account for overstrength due to steel strain-hardening; in the 
absence of more precise data, )i~d 111ay be taken equal to 1,2; 

Tl is the fund31nental period of vibration of the building in the direction of shear 
forces VEd; 

Tc is the upper limit period of the constant spectral acceleration region of the 
spectrunl (see 3.2.2); 

SeCT) is the ordinate of the elastic response spectnlll1 (see 3.2.2). 

(8) The provisions of 5.4.2.4(8) apply to slender walls ofDCH. 

5.5.2.4.2 Special provisions for squat walls 

(l)P In prin1ary seisn1ic walls with a height to length ratio, hw//w, not greater than 2,0, 
there is no need to 1110dify the bending l110nlents fron1 the analysis. Shear ll1agnification 
due to dynan1ic effects l11ay also be neglected. 

(2) The shear force V'Ed fr01n the analysis should be increased as fo11ows: 

(5.26) 

(see 5.5.2.4.1(7) for definitions and values of the variables). 

5.5.3 LTLS verifications and detailing 

5.5.3.1 Beams 

5.5.3.1.1 Resistance in bending 

(l)P The bending resistance shall be computed In accordance with EN 1992-1-
1:2004. 

(2) Paragraph 5.4.3.1.1(2) applies. 

(3) Paragraph 5.4.3.1.1(3) applies. 
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5.5.3.1.2 Shear resistance 

(l)P The shear resistance conlputations and verifications shall be carried out in 
accordance with EN 1992-1-1 :2004, unless specified otherwise in the following 
paragraphs. 

(2)P In the critical regions of primary seislllic bealTIs, the strut inclination B in the 
truss model shall be 45°. 

(3) \Vith regard to the arrangement of shear reinforcenlent within the critical region 
at an end of a primary seisnlic beanl where the beam franles into a colunln, the 
following cases should be distinguished, depending on the algebraic value of the ratio 
(= VCd ,lllini VEd.lllDX between the lTIininlUlTI and n1axinlunl acting shear forces, as derived 
in accordance with 5.5.2.1(3). 

a) If -0,5, the shear resistance provided by the reinforcement should be con1puted in 
accordance with EN 1992-1-1 :2004. 

b) If «-0,5, i.e. when an almost fu 11 reversal of shear forces is expected, then: 

(5.27) 

where is the design value of the concrete tensile strength froll1 EN 1992-1 1 :2004, 
the same rule as in a) of this paragraph applies. 

ii) if IVr:\max exceeds the 1in1it value in expression (5.27), inclined reinforCelTIent should 
be provided in two directions, either at ±45° to the bealn axis or along the two diagonals 
of the bealTI in elevation, and half of should be resisted by stirrups and half by 
inclined reinforcenlent; 

In such a case, the verification is calTied out by means of the condition: 

0,5 2As . f yd . sin a (5.28) 

where 

As is the area of the inclined reinforcement in one direction, crossing the potential 
sliding plane (i.e. the beanl end section); 

a is the angle between the inch ned reinforcen1ent and the beam axis (normally a 
45°, or tan a ~ (d-d')/lb). 

5.5.3.1.3 Detailing for local ductility 

(1)P The regions of a primary seislnic beanl up to a distance .5hw (where hw 
denotes the height of the beanl) f1'0111 an end cross-section where the beanl franles into a 
beanl-Colu11111 joint, as well as from both sides of any other cross-section likely to yield 
in the SeiS111ic design situation, shall be considered critical regions. 

(2) Paragraph 5.4.3.1.2(2) applies. 

(3)P Paragraph 5.4.3.1.2(3)P appl ies. 
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(5)P To satisfy the necessary ductility conditions, the following conditions shall be 
satisfied along the en6re length of a prin1ary seisn1ic beam: 

a) paragraph 5.4.3.1.2(5)P shall be satisfied 

b) at least two high bond bars with 14 111n1 shall be provided both at the top and the 
botton1 of the bean1 that run along the entire length of the bealll; 

c) one quarter of the maXi111U111 top reinforcement at the supports shall run along the 
entire bealn length. 

(6)P 5.4.3.1.2(6)P applies with expression (5.13) replaced by the following: 

(5.29) 

5.5.3.2 Columns 

5.5.3.2.1 Resistances 

(l)P Paragraph 5.4.3.2.1 (1)P applies. 

(2) Paragraph 5.4.3.2.1(2) applies. 

(3)P In prill1ary seislnic COlU111nS the value of the nor111alised axial force Vd sha11 not 
exceed 0,55. 

5.5.3.2.2 Detailing for local ductility 

(l)P Paragraph 5.4.3.2.2(1)P applies. 

(2)P Paragraph 5.4.3.2.2(2)P applies. 

(3)P Paragraph 5.4.3.2.2(3)P applies. 

(4) In the absence of n10re precise info1'n1ation, the length of the critical region ler 
may be computed as follows (in n1etres): 

where 

he is the largest cross-sectional dilnension of the colU1nn (in metres); and 

lel is its clear length (in nletres). 

(5)P Paragraph 5.4.3.2.2(5)P applies. 

(6)P Paragraph 5.4.3.2.2(6)P app1ies. 

(5.30) 

(7) The detailing of critical regions above the base of the colunln should be based 
on a minimunl value of the curvature ducti1ity factor f-1¢ (see 5.2.3.4) obtained fr0111 
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5.2.3.4(3). Wherever a column is protected against plastic hinging by the capacity 
design procedure of 4.4.2.3(4) (i.e. where expression (4.29) is satisfied), the value qo in 
expressions (5.4) and (5.5) l11ay be substituted by 2/3 of the value of qo applying in a 
direction parallel to the cross-sectional depth of the colun111. 

(8)P Paragraph 5.4.3.2.2(7)P applies. 

(9) The requirements of (6)P, (7) and (8)P of this subclause are deen1ed to be 
satisfied, if 5.4.3.2.2(8) is satisfied with the values of j/tjI specified in (6)P and (7) of this 
subclause. 

(10) The n1ininlun1 value of CI-\vd to be provided is 0,12 within the critical region at 
the base of the colU1nn, or 0,08 in all colun1n critical regions above the base. 

(11)P Paragraph 5.4.3.2.2(lO)P applies. 

(12) n1inin1a1 conditions of (ll)P of this subclause are deel11ed to be satisfied if 
al1 of the following requiren1ents are nlet. 

a) The diameter of the hoops is at least equal to 

dbw ~ 0,4· dbL. 111<1.\ • .31) 

b) The spacing s of hoops (in ll1illin1etres) does not exceed: 

s mIll /3; ] 25; 6dbL} (5.32) 

where 

bo (in millinletres) is the l11inil11m11 dinlension of the concrete core (to the inside of 
the hoops); and 

dbL is the the nlinimunl diameter of the longitudinal bars (in t11illin1etres). 

c) The distance between consecutive longitudinal bars restrained by hoops or cross-ties 
does not exceed 150 111m. 

(l3)P In the lower two storeys of buildings, hoops in accordance with (ll)P and (12) 
of this subclause shall be provided beyond the critical for an additional length 
equal to half length of these regions. 

(14) The anlount of longitudinal reinforcement provided at the of the botton1 
storey colU111n (i.e. where the colmlln is connected to the foundation) should be not less 
than that provided at the top of the storey. 

5.5.3.3 Beam-column joints 

(l)P The diagonal con1pression induced in the joint by the diagonal strut l11echanism 
shal1 not exceed the con1pressive strength of concrete in the presence of transverse 
tensile strains. 
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(2) In the absence of a more precise nl0de], the requirenlent of (1)P of this subclause 
nlay be satisfied by lneans of the subsequent rules. 

a) At interior beanl-column joints the fonowing expression should be satisfied: 

hie 

where 

1] = 0,6( 1 ~!ck/250); 

hjc is the distance between extrell1e layers of colunln reinforcenlent; 

hj is as defined in expression (5.34); 

Vd is the nonnalised axial force in the collunn above the joint; and 

is given in MPa. 

b) At exterior beanl-colunln joints: 

(5.33) 

Y jhd should be less than 80% of the value given by the right-hand-side of expression 
(5.33) where: 

~ihd is given by expressions (5.22) and (5.23) respectively; 

and the effective joint width bj 

(5.34a) 

(5.34b) 

(3) Adequate confinenlent (both horizontal and vertical) of the joint should be 
provided, to linlit the 111axinlunl diagonal tensile stress of concrete nlax eTCl to .f~ld. In the 
absence of a nlore precise 1110del, this requirenlent Inay be satisfied by providing 
horizontal hoops with a dianleter of not less than 6 111111 within the joint, such that: 

f~td (5.35) 

where 

Ash is the total area of the horizontal hoops; 

~ VJhd is as defined in expressions (5.22) and (5.23);@il 

hjw is the distance between the top and the bottom reinforcetnent of the bean1; 

hjc is the distance between extrenle layers of column reinforcenlent; 

bi is as defined in expression (5.34); 

Vd is the n01l11alised design axial force of the cohllnn above (Vd =NEdIAc:!cd); 
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f~td is the design value of the tensile strength of concrete, in accordance with EN 
1992-1-1 :2004. 

(4) As an alternative to the rule specified in (3) of this subclause, integrity of the 
joint after diagonal cracking nlay be ensured by horizontal hoop reinforcement. To this 
end the following total area of horizontal hoops should be provided in the joint. 

a) In interior joints: 

.36a) 

b) In exterior joints: 

AShf~wd (5.36b) 

where /1<.d is equal to 1,2 (cf 5.5.2.3(2)) and the nOll11alised axial force lid refers to the 
column above the joint in expression (5.36a), or to the column below the joint in 
expression (5.36b). 

(5) The horizontal hoops calculated as in (3) and (4) of this subclause should be 
unifornl1y distributed witbin the depth hj'',V between the top and bottonl bars of beam. 
In exterior joints they should enclose the ends ofbeanl bars bent toward the joint. 

(6) Adequate vertical reinforcelnent of the collunn passing through the joint should 
be provided, so that: 

(5.37) 

where ASh is the required total area of the horizontal hoops in accordance with (3) and 
(4) of this subclause and denotes the total area of the intern1ediate bars placed in the 
relevant colunln faces between corner bars of the colunln (including bars contributing to 
the longitudinal reinforcenlent of columns). 

(7) 5.4.3.3(1) applies. 

(8) 5.4.3.3(2) applies. 

(9)P 5.4.3.3(3)P applies. 

5.5.3.4 Ductile 'Valls 

5.5.3.4.1 Bending resistance 

(l)P The bending resistance shaH be evaluated and verified as for columns, under the 
most unfavourable axial force for the SeiS111ic design situation. 

(2) In prilnary seisnlic walls the value of the norn1alised axial force lid should not 
exceed 0,35. 

5.5.3.4.2 Diagonal compression failure of the ,,'eb due to shear 

(1) The value of VRd,max l11ay be calculated as follows: 
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as in EN 1992-1-1 :2004, with the length of the internal lever arnl, Z, equal to 0,8/", and 
the inclination of the compression strut to the vertical, tan8, equal to 1,0. 

b) in the critical region: 

40% of the value outside the critical region. 

5.5.3.4.3 Diagonal tension failure of the web due to shear 

(l)P The calculation of web reinforcelnent for the ULS verification in shear shall take 
illto account the value of the shear ratio as A1Ed/( liEd Iw). The nlaxinlL1111 value of as in 
a storey should be used for the ULS verification of the storey in shear. 

(2) If the ratio as ?: 2,0, the provisions of in EN 1992-1-1 :2004 6.2.3(1 )-(7) apply, 
with the values ofz and tan8 taken as in 5.5.3.4.2(1) a). 

(3) If as < 2,0 the following provisions apply: 

a) the horizontal web bars should satisfy the following expression (see EN 1992-1-
1 :2004, 6.2.3(8)): 

(5.38) 

where 

PI1 is the reinforcenlent ratio of horizontal web bars (P11=A h/(bwo'Sh)); 

f~d,h is the design value of the yield strength of the horizontal web reinforcenlent; 

VRd,c is the design value of the shear resistance for nleillbers without shear 
reinforcelllent, in accordance to EN 1992-1 1 :2004, 

In the critical region of the wall VRd,c should be equal to ° if the axial force JVEd is 
tensile. 

b) Vertical web bars, anchored and spliced along the height of the wall in accordance 
with EN 1992-1 1 :2004, should be provided to satisfy the condition: 

(5.39) 

where 

pv is the reinforcenlent ratio of vertical web bars (Pv=Avlbwo'sv); 

hd, v is the design value of the yield strength of the vertical web reinforcenlent; 

and where the axial force JVEd is positive when conlpressive. 

(4) Horizontal web bars should be fully anchored at the ends of the wall section, e.g. 
through 90° or 135 0 hooks. 
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(S) Horizontal web bars in the fonn of elongated closed or fully anchored stirrups 
ll1ay also be assull1ed to fully contribute to the confinenlent of the boundary elements of 
the wall. 

5.5.3.4.4 Sliding shear failure 

(l)P At potential sliding shear planes (for exanlple, at construction joints) within 
critical regions the following condition shall be satisfied: 

where VRd,S is the design value of the shear resistance against sliding. 

(2) The value of VRd,S nlay be as follows: 

VRd,S = ~1C! + Vic! + ~cl (S.40) 

with: 

(S.41) 

(S.42) 

(S.43) 

where 

Veld is the dowel resistance of the vertical bars; 

Viel is the shear resistance of inclined bars (at an angle rp to the potential sliding 
plane, e.g. construction joint); 

Vrd is the friction resistance; 

JLr is the concrete-to-concrete friction coefficient under cyclic actions, which nlay 
be assunled equal to 0,6 for snlooth interfaces and to 0,7 for rough ones, as 
defined in EN 1992-1-1 :2004, 6.2.5(2); 

z is the length of the internal lever ann; 

~ is the nOrInalised neutral axis depth~ 

IAsj is the sunl of the areas of the vertical bars of the web and of additional bars 
arranged in the boundary elenlents specifically for resistance against sliding; 

IAsi is the sunl of the areas of all inclined bars in both directions; large dianleter bars 
are reconl111ended for this purpose; 

77 = 0,6 (1 ~f~k(MPa )/2S0) (S.44) 

NEd is assunled to be positive when c0111pressive. 
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a) at the base of the wall Vid should be greater than 

b) at higher levels Vid should be greater than VEd/4. 
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(4) Inclined bars should be fully anchored on both sides of potential sliding 
interfaces and should cross all sections of the wall vvithin a distance of 0,5-1w or 0,5 
whichever is slllaller, above the critical base section. 

(5) [nc1ined bars lead to an increase of the bending resistance at the base of the wall, 
which should be taken into account whenever the acting shear is C0111puted in 
accordance with the capacity design rule (see 5.5.2.4.1(6)P and (7) and 5.5.2.4.2(2». 
Two alternative methods nlay be used. 

a) The increase of bending resistance .6.NfRd, to be used in the calculation of VL:d, nlay be 
estimated as: 

L1MRd 

where 

1 . 
-. IA, . rd' SI11 (f) • f. 2 51 J y 'r 1 

(5.45) 

h is the distance between centrelines of the two sets of inclined bars, placed at an 
angle of ±¢ to the potential sliding plane, Ineasured at the base section; 

and the other SYll1bois are as in expression (5.42). 

b) An acting shear VEd nlay be COll1puted disregarding the effect of the inclined bars. In 
expression (5.42) l/;d is the net shear resistance of the inclined bars (i.e. the actual shear 
resistance reduced by the increase of the acting shear). Such net shear resistance of the 
inclined bars against sliding 111ay be estinlated as: 

. [cos qJ - 0,5 ·/i • sin qJ I(as ·1", )] (5.46) 

5.5.3.4.5 Detailing for local ductility 

(1) Paragraph 5.4.3.4.2(1) applies. 

(2) Paragraph 5.4.3.4.2(2) applies. 

(3) Paragraph 5.4.3.4.2(3) applies. 

(4) Paragraph 5.4.3.4.2(4) applies. 

(5) Paragraph 5.4.3.4.2(5) applies. 

(6) Paragraph 5.4.3.4.2(6) applies. 

(7) Paragraph 5.4.3.4.2(8) applies. 

(8) Paragraph 5.4.3.4.2(10) applies. 
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(9) I f the wall is connected to a flange with thickness br ?:.. h/15 and width Ir ?:.. 
(where hs denotes the clear storey height), and the confined boundary elenlent needs to 
extend beyond the f1ange into the web for an additional length of up to 3 hwo, then the 
thickness bw of the boundary elenlent in the web should only follow the provisions in 
5.4.1.2.3(1) for bwo (Figure 5.] 1). 

'II 

hwo 1/ <3bVL / 
,A / 

~ ---

~ 
Figure 5.11: lVlinimum thickness of confined boundary elements in nCH \-valls with 

large flanges 

(10) Within the boundary elements of walls the requirelTIents specified in 

5.5.3.2.2(12) apply and there should be a nlininlUI11 value of (tAvd of 0,12. Overlapping 
hoops should be used, so that every other longitudinal bar is engaged by a hoop or 
cross-tie. 

(11) Above the critical region boundary elenlents should be provided for one nl0re 
storey, with at least half the confining reinforcenlent required in the critical region. 

(12) 5.4.3.4.2(11) applies. 

(3)P Prenlature web shear cracking of walls shall be prevented, by providing a 

nlinirnulll 31TIOunt of web reinforcement: ph,min pv,min 0,002. 

(14) The web reinforcement should be provided in the form of two grids (curtains) of 
bars with the Sa111e bond characteristics, one at each face of the wall. The grids should 
be connected through cross-ties spaced at about 500 mnl. 

(15) Web reinforcenlent should have a dianleter of not less than 8 lTI lTI , but not 
greater than one-eighth of the width bwo of the web. 11 should be spaced at not nlore than 
250 nl1TI or 25 tilnes the bar diameter, whichever is sl1laller. 

(16) To counterbalance the unfavourable effects of cracking along cold joints and the 
associated uncertainties, a ll1ininlunl amount of fully anchored vertical reinforcenlent 
should be provided across such joints. The 111ininlulll ratio of this reinforcement, pmin, 

necessary to re-establish the resistance of un cracked concrete against shear, is: 
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l(13. 
Pmin ~ l' 

0~0025 

where Aw is the total horizontal cross-sectional area of the wall and 
when conlpressive. 

5.5.3.5 Coupling elements of coupled walls 
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(5.47) 

shall be positive 

(1)P Coupling of walls by nleans of slabs shall not be taken into account, as it is not 
effective. 

(2) The provisions of 5.5.3.1 may only be applied to coupling bemns, if either one 
of the following conditions is fulfilled: 

a) Cracking in both diagonal directions is unlikely. An acceptable application rule is: 

(5.48) 

b) A prevailing flexural 1110de of failure is ensured. An acceptable application rule is: 
lIh > 3. 

(3) If neither of the conditions in (2) is nlet, the resistance to seisnllc actions should 
be provided by reinforcenlent arranged along both diagonals of the beanl, in accordance 
with the following (see Figure 5.12): 

a) It should be ensured that the following expression is satisfied: 

where 

. f.· . sina . yd 

VEd is the design shear force in the coupling elenlent (VEd = 2·Mr:d/1); 

Asi is the total area of steel bars in each diagonal direction; 

a is the angle between the diagonal bars and the axis of the beanl. 

(5.49) 

b) The diagonal reinforcelnent should be an-anged in column-like elenlents with side 
lengths at least equal to O,5bw ; its anchorage length should be 50% greater than that 
required by EN 1992-1-1:2004. 

c) Hoops should be provided around these colunln-like elenlents to prevent buckling of 
the longitudinal bars. The provisions of 5.5.3.2.2(12) apply for the hoops .. 

d) Longitudinal and transverse reinforcenlent should be provided on both lateral faces 
of the beam, nleeting the mininlunl requirelnents specified in 1992-1-1 :2004 for 
deep beanls. The longitudinal reinforcenlent should not be anchored in the coupled 
\valls and should only extend into thenl by 150 mm. 
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2 

Figure 5.12: Coupling beams with diagonal reinforcement 

5.6 Provisions for anchorages and splices 

5.6.1 General 

o 

(I)P EN 1992-1-1 :2004, Section 8 for the detailing of reinforcen1ent applies, with the 
additional rules of the following sub-clauses. 

(2)P For hoops used as transverse reinforcen1ent in beanls, colun1ns or walls, closed 
stirrups wi th 135 0 hooks and extensions of length 10dbw shall be used. 

(3)P In DCH structures the anchorage length of bean1 or colunln bars anchored within 
bealn-colun111 joints shall be nleasured fron1 a point on the bar at a distance 5dbL inside 
the face the jojnt, to take into account the yield penetration due to cyclic post-elastic 
defornlations (for a beanl exanlple, see Figure 5.13a). 

5.6.2 Anchorage of reinforcement 

5.6.2.1 Columns 

(1)P When calculating the anchorage or lap length of column bars which contribute to 
the flexural strength of elements in critical regions, the ratio of the required area of 
reinforcenlent over the actual area of reinforcenlent shall be assumed to be 
1. 

(2)P If, under the seismic design situation, the axial force in a colunln is tensile, the 
anchorage lengths shall be increased to 500/0 longer than those specified in EN 1992-1-
1 :2004. 

5.6.2.2 Beams 

(l)P The part of beanl longitudinal reinforcelnent bent in joints for anchorage shall 
ahvays be placed inside the corresponding colulnn hoops. 

(2)P To prevent bond failure the diameter of beam longitudinal bars passing through 
bean1-colmnn joints, dbL, shall be linlited in accordance with the following expressions: 

a) for interior beanl-colulnn joints: 
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b) for exterior beall1-colunl11 joints: 

where 

-~·(1+0,8·vd) 
r Rd • fyd 

he is the width of the colulnn parallel to the bars; 

felm is the n1ean value of the tensile strength of concrete; 

is the design value of the yield strength of steel; 
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(5.50a) 

(5.50b) 

Vd is the nOlmalised design axial force in the COlUll111, taken with its nlinimUll1 value 
for the seisn1ic design situation (Vlt 

kD is the factor reflecting the ductility class equal to 1 for DCB and to 2/3 for 
DCM; 

p' is the cOlllpression steel ratio of the bemll bars passing through the joint; 

pmax is the ll1axinlU111 allowed tension steel ratio (see 5.4.3.1.2(4) and 5.5.3.1.3(4)); 

/1ld is the model uncertainty factor on the design value of resistances, taken as being 
equal to 1,2 or 1,0 respectively for DCB or DCM (due to overstrength owing to 
strain-hardening of the longitudinal steel in the beanl). 

The lilllitations above (expressions (5.50)) do not apply to diagonal bars crossing joints. 

(3) If the requirelnent specified in (2)P of this clause cannot be satisfied in exterior 
bean1-column joints because the depth, he, of the colunln parallel to the bars is too 
shallow, the following additional measures nlay be taken, to ensure anchorage of the 
longi tudinal reinforcenlent of bemns. 

a) The beanl or slab nlay be extended horizontally in the fornl of exterior stubs (see 
Figure 5.13a). 

b) Headed bars or anchorage plates welded to the end of the bars nlay be used (see 
Figure 5.13b). 

c) Bends with a nlinilllunl length of 10dbL and transverse reinforcelnent placed tightly 
inside the bend of the bars nlay be added (see Figure 5.13c). 

(4)P Top or bottom bars passing through interior joints, shall ternlinate in the 
nlenlbers franling into the joint at a distance not less than Ier (length of the J11enlber 
critical region, see 5.4.3.1.2(1)P and 5.5.3.1.3(l)P) fronl the face of the joint. 
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Figure 5.13: Additional measures for anchorage in exterior beanl-colunln joints 

5.6.3 SpJicing of bars 

(l)P There shall be no lap-splicing by welding within the critical regions of structural 
elelnents. 

(2)P There may be splicing by mechanical couplers in colunlns and walls, if these 
devices are covered by appropriate testing under conditions conlpatible with the 
selected ductility class. 

(3)P The transverse reinforcen1ent to be provided within the lap Jength shall be 
calculated in accordance with EN 1992-1-1 :2004. In addition, the following 
requirelnents shall also be Inet. 

a) If the anchored and the continuing bar are arranged in a plane paral1el to the 
transverse reinforcen1ent, the sunl of the areas of all spliced bars, 'LA sL, shall be used in 
the calculation of the transverse reinforcelnent. 

b) If the anchored and the continuing bar are arranged within a plane nornlal to the 
transverse reinforcelnent, the area of transverse reinforcement shall be calculated on the 
basis of the area of the larger lapped longitudinal bar, A sL ; 

c) The spacing, s, of the transverse reinforcenlent in the lap zone (in nlillinletres) shall 
not exceed 

S = 1111n {hI4; 100} (5.51 ) 

where h is the lllininlunl cross-sectional dimension (in millilnetres). 

(4) The required area of transverse reinforcenlent Ast within the lap zone of the 
longitudinal reinforcenlent of colulnns spliced at the sanle location (as defined in EN 
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1992-1-1 :2004), or of the longitudinal reinforcement of boundary elements in walls, 
111ay be calculated fron1 the following expression: 

where 

Ast is the area of one leg of the transverse reinforcen1ent; 

dbL is the diameter of the spliced bar; 

s is the spacing of the transverse reinforcement; 

f~ld is the design value of the yield strength of the longitudinal reinforcement; 

is the design value of the yield strength of the transverse reinforcen1ent. 

5.7 Design and detailing of secondary seismic elelnents 

(5.52) 

(l)P Clause 5.7 applies to elen1ents designated as secondary seisn1ic elen1ents; which 
are subjected to significant defo1111ations in the seis]nic design situation (e.g. slab ribs 
are not subject to the requirements of 5.7). Such elelnents shall be designed and detailed 
to n1ai11tain their capacity to support the gravity loads present in the seis111ic design 
situation, when subjected to the n1axinlun1 defonnations under the seisn1ic design 
situation. 

(2)P Maxin1u111 deforn1ations due to the seisll1ic design situation shaH be calculated in 
accordance with 4.3.4 and shal1 account for P-~ effects in accordance with 4.4.2.2(2) 
and (3). They shall be calculated fron1 an analysis of the structure in the seismic design 
situation, in which the contribution of secondary seis111ic elen1ents to lateral stiffness is 
neglected and prin1a1)' seis111ic elements are 1110delled with their cracked flexural and 
shear stiffness. 

(3) Secondary seisn1ic elelnents are deelned to satisfy the requirements of (l)P of 
this subclause if bending n10n1ents and shear forces calculated for then1 on the basis of: 
a) the deforn1ations of (2)P of this subclause; and b) their cracked flexural and shear 
stiffness, do not exceed their design flexural and shear resistance A1Rd and VRd , 

respectively, as these are detern1ined on the basis of EN 1992-1-1 :2004. 

5.8 Concrete foundation elements 

5.8.1 Scope 

(l)P The following paragraphs apply for the design of concrete foundation elelnents, 
such as footings, tie-bean1s, foundation beanls, foundation slabs, foundation walls, pile 
caps and piles, as well as for connections between such elen1ents, or between then1 and 
vertical concrete elen1ents. The design of these elen1ents shall follow the rules of EN 
1998-5 :2004, 5.4. 

(2)P If design action effects for the design of foundation elements of dissipative 
structures are derived on the basis of capacity design considerations in accordance with 
4.4.2.6(2)P, no energy dissipation is expected in these elen1ents in the SeiS111ic design 
situation. The design of these elen1ents 111ay follow the rules of 5.3.2(1)P. 
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(3)P jf design action effects for foundation elen1ents of dissipative structures are 
derived on the basis of the analysis for the seisll1ic design situation without the capacity 
design considerations of 4.4.2.6(2)P, the design of these ele111cnts shall follow the 
corresponding rules for elements of the superstructure for the selected ductility class. 
For tie-beams and foundation beams the design shear forces need to be derived on the 
basis of capacity design considerations, in accordance with 5.4.2.2 in DC1V1 buildings, 
or to 5.5.2.1 (2)P, 5.5.2.1 (3) in DCH buildings. 

(4) If design ac60n effects for foundation elen1ents have been derived using a value 
of the behaviour factor q that is less than or equal to the upper lin1it of q for low 
dissipative behaviour (1,5 in concrete buildings, or between 1,5 and 2,0 in steel or 
C01l1posite steel-concrete buildings, in accordance with Note 1 of Table 6.1 or Note 1 of 
Table 7.1, respectively), the design of these elelnents l11ay follow the rules of 5.3.2(1)P 
(see also 4.4.2.6(3»). 

(5) In box-type basenlents of dissipative structures, cOl11prising: a) a concrete slab 
acting as a rigid diaphragm at basenlent roof level; b) a foundation slab or a grillage of 
tie-beams or foundation beams at foundation level, and c) peripheral and/or interior 
foundation walls, designed in accordance with (2)P of this subclause, the colUlnns and 
beanls (including those at the basenlent roof) are expected to relnain elastic under the 
SeiS111ic design situation and nlay be designed in accordance with 5.3.2(I)P. Shear walls 
should be designed for plastic hinge developnlent at the level of the basenlent roof slab. 
To this end, in walls which continue with the sanle cross-section above the basenlent 
roof, the critical region should be taken to extend below the basenlent roof level up to a 
depth of her (see 5.4.3.4.2(1) and 5.5.3.4.5(1»). Moreover, the full free height of such 
walls within the basenlent should be din1ensioned in shear assunling that the wall 
develops its flexural overstrength }1<..d.MRd (with YRd=l,l for DCM and 1,2 for DCH) 
at the basen1ent roof level and zero nlonlent at the foundation level. 

5.8.2 Tie-beams and foundation beams 

(l)P Stub columns between the top of a footing or pile cap and the soffit of tie-beanls 
or foundation slabs shall be avoided. To this end, the soffit of tie-beatTIs or foundation 
slabs shall be below the top of the footing or the pile cap. 

(2) Axial forces in tie-bean1s or tie-zones of foundation slabs in accordance with 
5.4.1.2(6) and (7) of EN 1998-5, should be taken in the verification to act together with 
the action effects derived in accordance with 4.4.2.6(2)P or 4.4.2.6(3) for the seismic 
design situation, taking into account second-order effects. 

(3) Tie-beanls and foundation beanls should have a cross-sectional width of at least 
bw,min and a cross-sectional depth of at least 

NOTE The values ascribed 10 and for use in a country may be found in its National 
Annex to this document. The recommended values are: 0,25 m and = 0,4 111 for 
buildings with up to three storeys, or = 0,5 111 for those with four storeys or more above the 
basement. 

(4) Foundation slabs arranged in accordance with EN 1998-5:2004, 5.4.1.2(2) for 
the horizontal connection of individual footings or pile caps, should have a thickness of 
at least tmin and a reinforcenlent ratio of at least ps,min at the top and bottoln. 
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NOTE The values ascribed 10 tmill and Ps.min for lise in a country may be found in its National 
Annex to this document. The recommended values are: tmin m and Ps.l1lin 0.2%). 

(S) Tie-beanls and foundation beanls should have along their full length a 

longitudinal relnforcelnent ratio of at least Pb.min at both the top and the bottom. 

NOTE The value ascribed to ,t:'tmin for lise in a country may be found in its National Annex to 
this document. The recommended value is 0.4%. 

5.8.3 Connections of vertical elements with foundation beams or walls 

(l)P The C0111l110n (joint) region of a foundation beanl or foundation wall and a 
vertical elenlent shall follow the rules of 5.4.3.3 or 5.5.3.3 as a beanl-colunl11 joint 
region. 

(2) If a foundation beanl or foundation wall of a DCH structure is designed for 
action effects derived on the basis of capacity design considerations in accordance with 
4.4.2.6(2)P, the horizontal shear force ~jhd in the joint region is derived on the basis of 
analysis results in accordance with 4.4.2.6(2)P, (4), (5), and (6). 

(3) if the foundation bemn or foundation wall of a DCH structure is not designed in 
accordance with the capacity design approach of 4.4.2.6(4), (5), (6) (see 5.8.1(3)P), the 
horizontal shear force Vihd in the joint region is detennined in accordance with 
5.5.2.3(2), expressions (S.22), (S.23), for beanl-Colu111n joints. 

(4) In DCM structures the connection of foundation beanls or foundation walls \'lith 
vertical ele111ents may follow the rules of 5.4.3.3. 

(S) Bends or hooks at the bottonl of longitudinal bars of vertical elements should be 
oriented so that they induce cOlnpression into the connection area. 

5.8.4 Cast-in-place concrete piJes and pile caps 

(l)P The top of the pile up to a distance to the underside of the pile cap of twice the 
pile cross-sectional di111ension, d, as well as the regio11s up to a distance of 2d on each 
side of an interface between two soil layers with 111arkedly different shear stiffness (ratio 
of shear nloduli greater than 6), shall be detailed as potential plastic hinge regions. To 
this end, they shall be provided with transverse and confinenlent reinforcen1ent 
following the rules for colunln critical regions of the corresponding ductility class or of 
at least DCM. 

(2)P When the requirenlent specified in 5.8.1(3)P is applied for the design of piles of 
dissipative structures, piles shall be designed and detailed for potential plastic hinging at 
the head. To this end, the length over which increased transverse and confinen1ent 
reinforcement is required at the top of the pile in accordance with (1)P of this subclause 
is increased by SO%.Moreover, the ULS verification of the pile in shear shall use a 
design shear force at least equal to that C0111puted on the basis of 4.4.2.6(4) to (8). 

(3) Pi1es required to resist tensile forces or assunled as rotationally fixed at the top, 
should be provided with anchorage in the pile cap to enable the development of the pile 
design uplift resistance in the soil, or of the design tensile strength of the pile 
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reinforcement, whichever is lower. If the part of such piles embedded in the pile cap is 
cast before the pile cap, dowels should be provided at the interface where the 
connection occurs. 

5.9 Local effects due to masonry or concrete intills 

(I) Because of the particular vulnerability of the infill walls of ground floors, a 
seislnically induced irregularity is to be expected there and appropriate nleasures should 
be taken. If a more precise nlethod is not used, the entire length of the colunlns of the 
ground floor should be considered as the critical length and confined accordingly. 

(2) If the height of the infills is snlaller than the clear length of the adjacent 
colUlnns, the following measures should be taken: 

a) the entire length of the columns is considered as critical region and should be 
reinforced with the al110unt and pattern of stirrups required for critical regions; 

b) The consequences of the decrease of the shear span ratio of those COlUll111S should be 
appropriately covered. To this end, 5.4.2.3 and 5.5.2.2 should be applied for the 
calculation of the acting shear force, depending on the ductility class. In this calculation 
the clear length of the colun1n, lei, should be taken equal to the length of the column not 
in contact with the infills and the 11101nent l~.d at the colullln section at the top of the 
1nfil1 wall should be taken as being equal to with )i<d 1, 1 for DCM and 1,3 for 
DCH and the design value of the nl01nent of resistance of the colulnn; 

c) the transverse reinforcenlent to resist this shear force should be placed along the 
length of the column not in contact with the infills and extend along a length 
(dimension of the column cross-section in the plane of the inf111) into the COlUnll1 part in 
contact with the infills; 

d) if the length of the colull1n not in contact with the infills is less than 1,She, the shear 
force should be resisted by diagonal reinforcel1lent. 

(3) Where the lnfiHs extend to the entire clear length of the adjacent columns, and 
there are nlasonry walls on only one side of the colUll1n (e.g. CODler columns), the entire 
length of the colUlnn should be considered as a critical region and be reinforced with the 
alll0unt and pattern of stirrups required for critical regions. 

(4) The length, Ie, of colunl11s over which the diagonal strut force of the infill is 
applied, should be verified in shear for the s111aller of the following two shear forces: a) 
the horizontal conlponent of the strut force of the infill, assUll1ed to be equal to the 
horizontal shear strength of the panel, as estilnated on the basis of the shear strength of 
bed joints; or b) the shear force C0111puted in accordance with 5.4.2.3 or 5.5.2.2, 
depending on the ductility class, assuming that the overstrength flexural capacity of the 
C01U11111, YRd.MRe,j, develops at the two ends of the contact length, Ie. The contact length 
should be assuoled to be equal to the full vertical width of the diagonal strut of the infi]1. 
Unless a 1110re accurate estinlation of this width is nlade, taking into account the elastic 
properties and the ge0111etry of the i11f111 and the COiUnll1, the strut width nlay be 
assunled to be a fixed fraction of the length of the panel diagonal. 
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(1) A solid reinforced concrete slab Inay be considered to serve as a diaphragm, if it 
has a thickness of not less than 70 n1111 and is reinforced in both horizontal directions 
with at least the n1inilnun1 reinforcen1ent specified in EN 1992-1-1 :2004. 

(2) A cast-in-place topping on a precast floor or roof systen1 nlay be considered as a 
diaphragm, if: a) it n1eets the requirenlents of (1) of this subclause; b) it is designed to 
provide alone the required diaphragn1 stiffness and resistance; and c) it is cast over a 
clean, rough substrate, or connected to it through shear connectors. 

(3)P The seisn1ic design shall include the ULS verification of reinforced concrete 
diaphragn1s in DCH structures with the follo\ving properties: 

- irregular geometries or divided shapes in plan, diaphragllls with recesses and re
entrances; 

- irregular and large openings in the diaphragn1; 

irregular distribution of 111asses and/or stiffnesses (as 
off-sets); 

in the case of set-backs or 

baselnents with wal1s located only in part of the peril11eter or only in part of the 
ground floor area; 

(4) Action-effects in reinforced concrete diaphragllls n1ay be estinlated by 
modelling the diaphragl11 as a deep bean1 or a plane truss or strut-and-tie model, on 
elastic supports. 

(5) The design values of the action effects should be derived taking into account 
4.4.2.5. 

(6) The design resistances should be derived in accordance with EN 1992-1 1 :2004. 

(7) In cases of core or wall structural systenls of DCB, it should be verified that the 
transfer of the horizontal forces froln the diaphragnls to the cores or walls has occurred. 
In this respect the following provisions apply: 

a) the design shear stress at the interface of the diaphragln and a core or wall should be 
limited to ] ,~f~ld, to control cracking; 

b) an adequate strength to guard against shear sliding failure should be ensured, 
assuming that the strut inclination is 45°. Additional bars should be provided, 
contributing to the shear strength of the interface between diaphragnls and cores or 
walls; anchorage of these bars should follow the provisions of 5.6. 

5.11 Precast concrete structures 

5.11.1 General 

5.11.1.1 Scope and structural types 

(l)P Clause 5.11 applies to the seisnlic design of concrete structures constructed 
partly or entirely of precast elenlents. 
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(2)P Unless otherwise specified (see 5.11.1.3.2(4)), a1l provisions of Section 5 of this 
Eurocode and of EN 1992-1-1 :2004, Section 10, apply. 

(3) following structural types, as defined in 5.1.2 and 5.2.2.1, are covered by 
5.11 : 

~ franle systenlS; 

wall systenls; 

dual systenls (nl1xed precast frames and precast or nlonolithic walls). 

(4) In addition the following systell1s are also covered: 

wall panel structures (cross wall structures); 

- cell structures (precast nlonolithic room cell systenls). 

5.11.1.2 Evaluation of precast structures 

(l) In 1110dell ing of precast structures, the following evaluations should be nlade. 

a) Identification of the different roles of the structural elenlents as one of the following: 

those resisting only gravity loads, 
core; 

hinged colu111ns around a reinforced concrete 

those resisting both gravity and seisnlic loads, e.g. franles or walls; 

- those providing adequate connection between structural elements, e.g. floor or roof 
diaphragnls. 

b) Ability to fulfil the seisnlic resistance provisions of 5.1 to 5.10 as follows: 

precast systenl able to satisfy all those provisions; 

precast systenls which are conlbined with cast-in-situ columns or walls in order to 
satisfy all those provisions; 

precast syste111s which deviate from those provisions and, by way of consequence, 
need additional design criteria and should be assigned lower behaviour factors. 

c) Identification of non-structural elelnents, which 111ay be: 

- conlpletely uncoupled t1'om the structure; or 

partially resisting the defonnation of structural elements. 

d) Identification of the effect of the connections on the energy dissipation capacity of 
the structure: 

connections located well outside critical regions (as defined in 5.1.2(1)), not 
affecting the energy dissipation capacity of the structure (see 5.11.2.1.1 and e.g. 
Figure 5.14.a); 

- connections located within critical regions but adequately over-designed with 
respect to the rest of the structure, so that in the seisll1ic design situation they renlain 
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elastic while inelastic response occurs in other critical regions (see 5.t 1.2.1.2 and 
e.g. Figure 5.l4b); 

~- connections located within critical regions with substantial ductility (see 5.11.2.1.3 
and e.g. Figure 5.14c) and 5.l4d».@j] 
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Figure 5.14: a) connection located outside critical regions; b) overdesigned 
connection with plastic hinges shifted outside the connection; c) ductile shear 

connections of large panels located within critical regions (e.g. at ground floor); 
and d) ductile continuity connections located within critical regions of frames 

5.11.1.3 Design criteria 

5.11.1.3.1 Local resistance 

(1) In precast elelnents and their connections, the possibility of response 
degradation due to cyclic post-yield defonnations should be taken into account. 
Norn1ally such response degradation is covered by the n1aterial partial factors on steel 
and concrete (see 5.2.4(1)P and 5.2.4(2). If it is not, the design resistance of precast 
connections under monotonic loading should be appropriately reduced for the 
verifications in the seisn1ic design situation. 

5.11.1.3.2 Energy dissipation 

(1) In precast concrete structures the prevailing energy dissipation mechanisln 
should be through plastic rotations within critical regions. 

(2) Besides energy dissipation through plastic rotations in critical regions, precast 
structures can also dissipate energy through plastic shear l11echanisn1s along joints, 
provided that both of the following conditions are satisfied: 

a) the restoring force shou ld not degrade substantially during the seismic action; and 

b) the possible instabilities should be appropriately avoided. 

(3) The three ductility classes provided in Section 5 for cast-in-place structures 
apply for precast systems as well. Only 5.2.1(2) and 5.3 apply fron1 Section 5, for the 
design of precast buildings of Ductility Class L. 

NOTE The selection of the ductility class for lise in the various types of precast concrete systems 
in a country or the parts of the country may be found in its National Annex of this document. 
Ductility class L is recommended only for the low-seismicity case. ~for wall panel structures 
the recol11mended~ ductility class is M. 
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(4) The capacity of energy dissipation in shear nlay be taken into account, especially 
in precast wall systems, by taking into account the values of the local slip-ductility 

factors, ps, in the choice of the overall behaviour factor q. 

5.11.1.3.3 Specific additional measures 

(1) Only regular precast structures are covered by 5.11 (see 4.2.3). Nonetheless, the 
verification of precast elements of irregu lar structures ll1ay be based on the provisions of 
this subsection. 

(2) An vertical structural elenlents should be extended to the foundation level 
without a break. 

(3) Uncertainties related to resistances are as in 5.2.3.7(2)P. 

(4) Uncertainties related to ductility are as in S.2.3.7(3)P. 

5.11.1.4 Behaviour factors 

(1) For precast-structures observing the prOVISIons of 5.11, the value of the 
behaviour factor qp nlay be calculated fronl the fo11owing expression, unless special 
studies allow for deviations: 

(5.53) 

where 

q is the behaviour factor in accordance with expression (5.1); 

kp is the reduction factor depending on the energy dissipation capacity of the 
precast structure (see (2) of this subclause). 

NOTE The values ascribed to kp for use in a country may be found in its National Annex of this 
document. The recommended values are: 

Jl,OO for structures with connection according to 5.11.2.1.1, 5.11.2.1.2, or 5.11.2.1.3 

kp 1 
0,5 for structures with other types of connections 

(2) For precast structures not observing the design provisions in 5.11, the behaviour 
factor qp should be assull1ed to be up to 1,5. 

5.11. 1.5 Analysis of transient situation 

(1) During the erection of the structure, during which tenlporary bracing should be 
provided, seisll1ic actions do not have to be taken into account as a design situation. 
However, whenever the occunence of an earthquake Inight produce collapse of parts of 
the structure with serious risk to hUlnan life, telnporary bracings should be explicitly 
designed for an appropriately reduced seismic action. 

(2) If not otherwise specified by special studies, this action 111ay be assumed to be 
equal to a fraction Ap of the design action as defined in Section 3. 
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NOTE The value ascribed to Ap for use in a country may be found in its National Annex of this 
document. The recommended value of is 30%. 

5.11.2 Connections of precast elements 

5.11.2.1 General provisions 

5.11.2.1.1 Connections located away from critical regions 

(1) Connections of precast elenlents considered to be away fron1 critical regions 
should be located at a distance fro111 the end face of the closest critical region, at least 
equal to the largest of the cross-section dimensions of the element where this critical 
region lies. 

(2) Connections of this type should be ditnensioned for: a) a shear force determined 
frOlTI the capacity design rule of 5.4.2.2 and 5.4.2.3 with a factor to account for 

overstrength due to strain-hardening of steel, Ykcb equal to 1,1 for OCM or to 1,2 for 
DCH; and b) a bending n10nlent at least equal to the acting n10ment fron1 the analysis 
and to 500/0 of the mOlnent of resistance, AIRd, at the end of the nearest critlcal 
region, n1ultiplied by the factor 

5.11.2.1.2 Overdesigned connections 

(1) The design action-effects of overdesigned connections should be derived on the 
basis of the capacity design rules of 5.4.2.2 and 5.4.2.3, on the basis of overstrength 
flexural resistances at the end sections of critical regions equal to Ykd. A1Rd, with the 
factor YRd taken as being equal to 1,20 for DCM and to 1,35 for DCH. 

(2) Tern1inating reinforcing bars of the overdesigned connection should be fully 
anchored before the end section( s) of the critical region. 

(3) The reinforcen1ent of the critical region should be fully anchored outside the 
overdesigned connection. 

5.11.2.1.3 Energy dissipating connections 

(l) Such connections should confonn to the local ductility criteria in 5.2.3.4 and in 
the relevant paragraphs of 5.4.3 and 5.5.3. 

(2) Altell1atively it should be delTIonstrated by cyclic inelastic tests of an appropriate 
number of specimens representative of the cOIUlection, that the connection possesses 
stable cyclic defonnation and energy dissipation capacity at least equal to that of a 
n10nolithic connection "which has the sa111e resistance and conforIns to the local 
ductility provisions of 5.4.3 or 5.5.3. 

(3) Tests on representative SpeCilTIenS should be perfornled following an appropriate 
cyclic history of displacen1ents, including at least three full cycles at an an1plitude 
conesponding to qp in accordance \vith 5.2.3.4(3}. 
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5.11.2.2 Evaluation of the resistance of connections 

(1) The design resistance of the connections between precast concrete elenlents should 
be calculated in accordance with the provisions of EN 1992-1-1 :2004, 6.2.5 and of EN 
1992-1-1 :2004, Section 10, using the nlaterial partial factors of 5.2.4(2) and (3). If those 
provisions do not adequately cover the connection under consideration, its resistance should 
be evaluated by means of appropriate experinlental studies. 

(2) In evaluating the resistance of a connection against sliding shear, friction 
resistance due to external conlpressive stresses (as opposed to the internal stresses due 
to the clanlping effect of bars crossing the connection) should be neglected. 

(3) Welding of steel bars in energy dissipating connections nlay be structurally 
taken into account when all of the following conditions are nlet: 

a) only weldable steels are used; 

b) welding nlaterials, techniques and personnel ensure a loss of local ductility less than 
10% of the ductility factor achieved if the connection were implelnented without 
welding. 

(4) Steel elenlents (sections or bars) fastened on concrete nlembers and intended to 
contribute to the seisnlic resistance should be analytically and experimentally 
denl0nstrated to resist a cyclic loading history of inlposed deformation at the target 
ductility level, as specified in 5.11.2.1.3(2). 

5.11.3 Elements 

5.11.3.1 Beams 

(l)P The relevant provisions of EN 1992-1-1 :2004, Section 10 and of 5.4.2.1, 5.4.3.1, 
5.5.2.1, 5.5.3.1 of this Eurocode apply, in addition to the rules set forth in 5.11. 

(2)P Sin1ply supported precast beams shall be structurally connected to columns or 
walls. The connection shall ensure the translnission of horizontal forces in the design 
seisnlic situation without reliance on friction. 

(3) In addition to the relevant provisions of EN 1992-1-1 :2004, Section 10, the 
tolerance and spalling allowances of the bearings should also be sufficient for the 
expected displacenlent of the supporting n1en1ber (see 4.3.4). 

5.11.3.2 Columns 

(1) The relevant provisions of 5.4.3.2 and 5.5.3.2 apply, in addition to the rules set 
forth in 5.11. 

(2) CoIUlnn-to-colmnn connections within critical regIons are al10wed only In 
OeM. 

(3) For precast franle systenls with hinged colulun-to-beanl connections, the 
colun1ns should be fixed at the base with full supports in pocket foundations designed in 
accordance with 5.11.2.1.2. 
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(1) Monolithic beam-column joints (see figure S.14a) should follow the relevant 
provisions of 5.4.3.3 and 5.5.3.3. 

(2) Connections of beam-ends to columnsIAc,)(see figure S.14b) and d)) should be 
specifically(Ac1lchecked for their resistance and ductility, as specified in 5.11.2.2.1. 

5.11.3.4 Precast large-panel walJs 

(l) EN 1992-1 I, Section 10 applies with the following modifications: 

a) The total InininlU111 vertical reinforcen1ent ratio refers to the actual cross-sectional 
area of concrete and should include the vertical bars of the web and the boundary 
elen1ents; 

b) Mesh reinforcenlent in a single curtain is not allowed; 

c) A minimum confinement should be provided to the concrete near the edge of aJ] 
precast panels, as specified in 5.4.3.4.2 or 5.5.3.4.5 for colu111ns, over a square section 
of side length bw , where bw denotes the thickness of the panel. 

(2) The part of the wall panel between a vertical joint and an opening al1'anged 
closer than 2,Sbw to the joint, should be ditnensioned and detailed in accordance with 
5.4.3.4.2 or 5.5.3.4.5, depending on the ductility class. 

(3) Force-response degradation of the resistance of the connections should be 
avoided. 

(4) To this end, all vertical joints should be rough or provided with shear keys and 
verified in shear. 

(S) Horizontal joints under con1pression over their entire length n1ay be forn1ed 
without shear keys. If they are partly in c01npression and partly in tension, they should 
be provided with shear keys along the full length. 

(6) The following additional rules apply for the verification of horizontal 
connections of walls consisting of precast large panels: 

a) the total tensile force produced by axial (with respect to the wall) action-effects 
should be taken by vertical reinforcelnent ananged along the tensile area of the pane] 
and fully anchored in the body of the upper and lower panels. The continuity of this 
reinforcen1ent should be secured by ductile welding within the horizontal joint or, 
preferably, within special keys provided for this purpose (Figure S.lS). 

b) in horizontal connections which are partly in c0111pression and partly in tension 
(under the seis111ic design situation) the shear resistance verification (see 5.11.2.2) 
should be 111ade only along the part under c0111pression. In such a case, the value of the 
axial force should be replaced by the value of the total cOlnpressive force Fe acting 
on the cOlnpression area. 
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100mn) 

Key 

A lap-welding of bars 

Figure 5.15: Tensile reinforcement possibly needed at the edge of walls 

(7) The following additional design rules should be observed, to enhance local 
ductility along the vertical connections of large panels: 

a) ll1ininlull1 reinforcelnent should be provided across the connections equal to 0,10% in 
connections which are fully compressed, and equal to 0,2SCYo in connections which are 
partly in c0111pression and partly in tension; 

b) the al110unt of reinforcenlent across the connections should be linlited, to avoid 
abrupt post-peak force response softening. In the absence of nl0re specific evidence, the 
reinforcenlent ratio should not exceed 2%; 

c) such reinforcelnent should be distributed across the entire length of the connection. In 
DCM this reinforcement Inay be concentrated in three bands (top, ll1iddle and bottonl); 

d) provision should be nlade to ensure continuity of reinforcenlent across panel-to-panel 
connections. To this end, in vertical connections steel bars should be anchored either in 
the fonn of loops or (in the case of joints with at least one face free) by welding across 
the connection (see Figure 5.16); 

e) to secure continuity along the connection after cracking, longitudinal reinforcement at 
a minimu111 ratio of pc,min should be provided within the grout filling the space of the 
connection (see Figure 5.16). 
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D 

Figure 5.16: Cross-section of vertical connections between precast large-panels, 
a) joint with two free faces; b) joint with one free face 

(8) As a result of the energy dissipation capacity along the vertical (and in part 
along the horizontal) connections of large-panels, walls n1ade of such precast panels are 
exenlpt fron1 the requiren1ents in 5.4.3.4.2 and 5.5.3.4.5 regarding the confinement of 
boundary elelTIents. 

5.11.3.5 Diaphragms 

(1) In addition to the provisions of EN 1992-1-1:2004, Section 10 relevant to slabs 
and to the provisions of 5.10, the following design rules also apply in the case of floor 
diaphraglTIs ll1ade of precast elen1ents. 

(2) When the rigid diaphragn1 condition in accordance with 4.3.1 (4) is 110t satisfied, 
the in-plane flexibility of the floor as well as of the connections to the vertical elenlents 
should be taken into account in the 1110del. 

(3) The rigid diaphraglTI behaviour is enhanced if the joints in the diaphragn1 are 
located only over its supports. An appropriate topping of in-situ reinforced concrete can 
drastically improve the rigidity of the diaphraglTI. The thickness of this topping layer 
should be not less than 40 mnl if the span between supports is less than 8 111, or not less 
than 50 n1m for longer spans; its nlesh relnforcelTIent should be connected to the vertical 
resisting elelTIents above and below. 

(4) Tensile forces should be resisted by steel ties accomulodated at least along the 
perill1eter of the diaphraglll, as well as along sonle joints of the precast slab elenlents. If 
a cast in-situ topping is used, this additional reinforceillent should be located in this 
topping. 

(5) In all cases, these ties should fornl a continuous systelll of reinforcement along 
and across the entire diaphragnl and should be appropriately connected to each lateral 
force resisting elen1ent. 
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(6) In-plane acting shear forces along slab-to-slab or slab-to-beam connections 
should be c0111puted with an overdesign factor equal to 1,30. The design resistance 
should be conlputed as in 5.11.2.2. 

(7) Prin1ary seis111ic elen1ents, both above and below the diaphragm, should be 
adequately connected to the diaphragln. To this end, any horizontal joints should always 
be properly reinforced. Friction forces due to external c0111pressive forces should not be 
reI ied upon. 
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6 SPECIFIC RULES FOR STEEL BUILDINGS 

6.1 General 

6.1.1 Scope 
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(l)P For the design of steel buildings, EN 1993 applies. The following rules are 
additional to those given in EN 1993. 

(2)P For buildings with conlposite steel-concrete structures, Section 7 applies. 

6.1.2 Design concepts 

(l)P Earthquake resistant steel buildings shall be designed in accordance with one of 
the following concepts (see Table 6.1): 

Concept a) Low-dissipative structural behaviour; 

Concept b) Dissipative structural behaviour. 

Table 6.1 : Design concepts, structura1 ductility classes and upper limit reference 
va1ues of the behaviour factors 

Range of the 

Design concept 
Structural ductility reference values of 

class the behaviour factor 
q 

Concept a) 

Low dissipative structural DCL (Low) :::; ],5 - 2 

behaviour 

4 
Concept b) DCM (Mediun1) 

also lill1ited by the 
Dissipative structural values of Table 6.2 
behaviour 

I 

DCH (High) only linlited by the 

i 

values of Table 6.2 

NOTE 1 The value ascribed to the upper limit of q for low dissipative behaviour, vvilhin the 
range of Table 6.1, for use in a country may be found in its National Annex. The recommended 
value of the LIpper limit of q for low-dissipative behaviour is 1 

NOTE 2 The National Annex of a particular country may give limitations on the choice of the 
design concept and of the ductility class which are permissible within that coulliry. 

(2)P In concept a) the action effects n1ay be calculated on the basis of an elastic 
global ana1ysis without taking into account a significant non-linear n1aterial behaviour. 
When using the design spectrU111 defined in 3.2.2.5, the upper 11n11t of the reference 
value of the behaviour factor q nlay be taken between 1,5 and 2 (see Note 1 to (1) of this 
subclause). In the case of irregularity in elevation the behaviour factor q should be 
corrected as indicated in 4.2.3.1(7) but it need not be taken as being sn1aller than 1,5. 
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(3) In concept a), if the upper 1in1it of the reference value of q is taken as being 
larger than 1,5, the pri111ary seis111ic lnenlbers of the structure should be of cross
sectional classes I, 2 or 3. 

(4) In concept a), the resistance of the nlembers and of the connections should be 
evaluated in accordance with EN 1993 without any additional requirenlents. For 
buildings which are not seismically isolated (see Section 10), design in accordance with 
concept a) is reconlmended only for low seismicity cases (see 3.2.1(4)). 

(5)P In concept b) the capability of parts of the structure (dissipative zones) to resist 
earthquake actions through inelastic behaviour is taken into account. When using the 
design spectrunl defined in 3.2.2.5, the reference value of behaviour factor q ll1ay be 
taken as being greater than the upper liIllit value established in Table 6.1 and in Note 1 
to (1) of this subclause for low dissipative structural behaviour. The upper l1111it value of 
q depends on the Ductility Class and the structural type (see 6.3). When adopting this 
concept b), the requirenlents given in 6.2 to 6.11 shall be fulfilled. 

(6)P Structures designed in accordance with concept b) shal1 belong to structural 
ductility classes DCM or DCH. These classes correspond to increased ability of the 
structure to dissipate energy in plastic 111echanisms. Depending on the ductility class, 
specific requirenlents in one or I110re of the following aspects shall be 111et: class of steel 
sections and rotational capacity of connections. 

6.1.3 Safety verifications 

(l)P For ultinlate limit state verifications the partial factor for steel ]Is = yrvl sha11 take 
into account the possible strength degradation due to cyclic deformations. 

NOTE 1 The National Annex may give a choice of Ys. 

NOTE 2 that, due to the local ductility provisions, the ratio between the residual 
strength after degradation and the initial one is roughly equal to the ratio between the }'\1 values 
for accidental and for fundamental load combinations, it is recommended that the partial factor y, 
adopted for the persistent and transient design situations be applied. 

(2) In the capacity design checks specified in 6.5 to 6.8, the possibility that the 
actual yield strength of steel is higher than the nominal yield strength should be taken 
into account by a material overstrength factor Yov (see 6.2(3)). 

6.2 Materials 

(1)P Structural steel shall conforI11 to standards referred to in EN 1993. 

(2)P The distribution of 111aterial properties, such as yield strength and toughness, in 
the structure shall be such that dissipative zones forn1 where they are intended to in the 
design. 
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(3) The requirenlent (2)P nlay be satisfied if the yield strength of the steel of 
dissipative zones and the design of the structure conform to one of the following 
conditions a), b) or c): 

a) ~ the upper value of the yie1d strength of the steel @11 of dissipative zones 
satisfies the following expression ,fy.ma\ S 1, 1 f~ 

where 

is the overstrength factor used in design; and 

f~ is the nOlninal yield strength specified for the steel grade. 

NOTE 1 For steels of grade S235 and with J~)V = 1,25 this method 
323 Nhnm2

• 

a maximum 

NOTE 2 The value ascribed to }~)\ for lise in a Country to check condition a) may be found in its 
National Annex. The recommended value is All' j 

b) the design of the structure is Inade on the basis of a single grade and non1inal yield 
strength.f~ for the steels both in dissipative and non dissipative zones; an upper value 

is specified for the steel of dissipative zones; the 1101111nal value of the steels 
specified for non dissipative zones and connections exceeds the upper value of the yield 
strengthf~,l11ax of dissipative zones. 

NOTE This condition normally leads to the use of steels of grade S355 for non-dissipative 
members and non dissipative connections (designed on the basis of the f~ of S235 steels) and to 
the use of steels of grade S235 for dissipative members or connectiol~S' where the upper yield 
strengths of steels of grade S235 is limited 355 N/mn/. 

c) the actual yield strength f'-;,act of the steel of each dissipative zone is determined fron1 
Ineasurements and the overstrength factor is con1puted for each dissipative zone as 
Yov,act = ,.f~ being the n01111na1 yield strength of the steel of dissipative zones. 

NOTE This condition is applicable when known steels are taken from stock or to the assessment 
of existing buildings or where safe side assumptions of yield strength made in design are 
confirmed by measurements before fabrication. 

(4) If the conditions in (3)b of this subclause are satisfied, the overstrength factor, 
rOY, n1ay be taken as being 1,00 in the design checks for structural elements defined in 
6.5 to 6.8. In the verification of expression (6.1) for connections, the value to be used 
for the overstrength factor is the SaIne as in (3)a). 

(5) If the conditions in (3)c) of this subclause are satisfied, the overstrength factor 
should be taken as the n1axin1Uln among the Yov,act values con1puted in the 

verifications specified in 6.5 to 6.8. 

(6)P For dissipative zones, the value of the yield strellgthf~l,max taken into account in 
observing the conditions in (3) of this subclause should be specified and noted on the 
drawings. 

(7) The toughness of the steels and the welds should satisfy the requirelnents for the 
seismic action at the quasi-pernlanent value of the service telnperature ~(see EN 
1993-1-10)@1I. 
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NOTE The National Annex may information as to how ~ EN J 993-1-1 O:2005@j] may be 
used in the seismic situation. 

(8) The required toughness of steel and welds and the lo\vest service temperature 
adopted in conlbination with the seislnic action should be defined in the project 
specification. 

(9) In bolted connectlons of prinlary sels111ic Inembers of a building, high strength 
bolts of bolt grade 8.8 or 10.9 should be used. 

(lO)P control of material properties shall be nlade in accordance with 6.11. 

6.3 Structural types and behaviour factors 

6.3.1 Structural types 

(1)P Steel buildings shall be assigned to one of the following structural types 
according to the behaviour of their primary resisting structure under seisl11ic actions (see 
Figures 6.1 to 6.8). 

a) MOl1lent resisting franles, are those in ·which the horizontal forces are lnainly resisted 
by nlenlbers acting in an essentially flexural n1anner. 

b) Franles with concentric bracings, are those in which the horizontal forces are Inainly 
resisted by 111enlbers subjected to axial forces. 

c) Franles with eccentric bracings, are those in which the horizontal forces are 111ainly 
resisted by axial1y loaded nlernbers, but 'where the eccentricity of the layout is such that 
energy can be dissipated in seislnic links by Ineans of either cyclic bending or cyclic 
shear. 

d) Inverted pendulum structures, are defined in 5.1.2, and are structures 111 which 
dissipative zones are located at the bases of colmnns. 

e) Structures with concrete cores or concrete walls, are those in which horizontal forces 
are ll1ainly resisted by these cores or walls. 

f)Moll1ent resisting franles combined with concentric bracings. 

g) MOlllent resisting franles cOlllbined with infills. 

(2) In moment resisting franles, the dissipative zones should be ll1ainly located in 
plastic hinges in the bean1s or the bean1-column joints so that energy is dissipated by 
nleans of cyclic bending. The dissipative zones may also be located in colunlns: 

at the base of the frallle; 

at the top of the cohnnns in the upper storey of n1ulti-storey buildings; 

at the top and botton1 of colun111s in single storey buHdings in which in colu11111s 
conforn1 to the inequality: NEd / 0,3. 
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(3) In franles with concentric bracings, the dissipative zones should be mainly 
located in the tensile diagonals. 

The bracings nlay belong to one of the following categories: 

active tension diagonal bracings, in which the horizontal forces can be resisted by 
the tension diagonals only, neglecting the conlpressioll diagonals; 

V bracings, in which the horizontal forces can be resisted by taking into account 
both tension and cOlnpression diagonals. The intersection point of these diagonals 
lies on a horizontal ll1elTIber which shall be continuous. 

K bracings, in which the intersection of the diagonals lies on a coJulTIn (see Figure 6.9) 
may not be used. 

(4) For franles with eccentric bracings configurations should be used that ensure 
that alllinks will be active, as shown in Figure 6.4. 

(5) Inverted pendulunl structures 111ay be considered as nl0nlent reslstmg frames 
provided that the earthquake resistant structures possess more than one column in each 
resisting plane and that the following inequality of the linlitation of axial force: 0,3 
JVpl , Rd is satisfied in each colull1n. 

a 
II 

L2 --= 
au 

] ,3 
a l 

a l 

au 
1, } - = 

u. 1 

rl 
a) b) c) 

Figure 6.1: 1Vloment resisting fralnes (dissipative zones in beams and at bottoln of 
columns). Default values for au! a1 (see 6.3.2(3) and Table 6.2). 

Figure 6.2: Frames with concentric diagonal bracings (dissipative zones in tension 
diagonals only). 
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a) 

/ 

b) c) 

/ 

Figure 6.3: Frames with concentric V-bracings (dissipative zones in tension and 
compression diagonals). 
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Ci

l 

/ 

Figure 6.4: Frallles with eccentric bracings (dissipative zones in bending or shear 
links). Default values for auf a1 (see 6.3.2(3) and Table 6.2). 

(X 
1I 

a] 

a) b) 

Figure 6.5: Inverted pendulum: a) dissipative zones at the column base; b) 
dissipative zones in columns (NEd/Npl,Rd < 0,3). Default values for auf al (see 6.3.2(3) 

and Table 6.2). 

/ 

Figure 6.6: Structures with concrete cores or concrete walls. 
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D + 

au 
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/ 

Figure 6.7: Moment resisting frame combined with concentric bracing (dissipative 
zones in moment fralne and in tension diagonals). Default value for at'! a1 (see 

6.3.2(3) and Table 6.2). 
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Figure 6.8: Moment resisting frame combined with infills. 

Figure 6.9: Frame with K bracings (not allowed). 

6.3.2 Behaviour factors 

(1) The behaviour factor q, introduced in 3.2.2.5, accounts for the energy dissipation 
capacity of the structure. For regular structural systen1s, the behaviour factor q should 
be taken with upper lin1its to the reference values which are given in Table 6.2, 
provided that the rules in 6.S to 6.11 are n1et. 

Table 6.2: Upper limit of reference values of behaviour factors for systems regular 
in elevation 

I STRUCTURAL TYPE 
Ductility Class 

DCM DCH 
a) MOlnent resisting fra111es 4 Sa/al 
b) Fran1e with concentric bracings 

Diagonal bracings 4 4 
V-bracings 2 2,S 

c) Fran1e with eccentric bracings 4 
I Sa/a! 

d) Inverted pendulU1n 2 2 a/a! 
e) Structures with concrete cores or concrete walls See section 5 
f) Mon1ent resisting frame with concentric bracing 4 4a/al 
g) M0111ent resisting fran1es with infills 

Unconnected concrete or ll1asonry infills, in 
2 2 

contact with the fraIne 
Connected reinforced concrete infi11s See section 7 

i 

Infills isolated fron1 n101nent fran1e (see 
4 Sau/al 1110ment frames) 

(2) If the building is non-regular in elevation (see 4.2.3.3) the upper lill1it values of 
q listed in Table 6.2 should be reduced by 20 % (see 4.2.3.1(7) and Table 4. I). 
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(3) For buildings that are regular in plan, if calculations to evaluate , are not 
performed, the approxin1ate default values of the ratio auf al presented in Figures 6.1 to 
6.8 n1ay be used. The pararneters a] and au are defined as follows: 

al is the value by which the horizontal seismic design action is l11ultiplied in order 
to first reach the plastic resistance in any mel11ber in the structure, while all other 
design actions remain constant; 

au is the value by which the horizontal seismic design action is ll1ultiplied, in order 
to form plastic hinges in a nun1ber of sections sufficient for the deve]opnlent of 
overall structural instability, white all other design actions remain constant. The 
factor aLi may be obtained fron1 a nonlinear static (pushover) global analysis. 

(4) For buildings which are not regular in plan (see 4.2.3.2), the approximate value 
au! a] that n1ay be used when calculations are not perfo1111ed for its evaluation are 

equal to the average of (a) 1,0 and of (b) the value given in Figures 6.1 to 6.8. 

(5) Values of aLi/a] higher than those specified in (3) and (4) of this subclause are 
allowed, provided that they are confi1l11ed by calculation of auf al with a nonbnear static 
(pushover) global analysis. 

(6) The maximum value of au/a] that 111ay be used in a design is equal to 1,6, even 
if the analysis ll1entioned in (5) of this subclause indicates higher potential values. 

6.4 Structural analysis 

(1) The design of floor diaphragms should conform to 4.4.2.5. 

(2) Except \vhere otherwise stated in this section (e.g. fratnes with concentric 
bracings, see 6.7.2(1) and (2»), the analysis of the structure may be made assun1ing that 
alllnelnbers of the seisIl1ic resisting structure are active. 

6.5 Design criteria and detailing rules for dissipative structural behaviour 
common to all structural types 

6.5.1 General 

(1) The design criteria given in 6.5.2 should be applied to the earthquake-resistant 
parts of structures designed in accordance with the concept of dissipative structural 
behaviour. 

(2) The design criteria given in 6.5.2 are deenled to be satisfied if the detailing rules 
given in 6.5.3 to 6.5.5 are followed. 

6.5.2 Design criteria for dissipative structures 

(1)P Structures with dissipative zones shall be designed such that yielding or local 
buckling or other phenomena due to hysteretic behaviour do not affect the overall 
stabi Ijty of the structure. 
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(2)P Dissipative zones shall have adequate ductility and resistance. The resistance 
shall be verified in accordance with EN 1993. 

(3) Dissipative zones n1ay be located in the structural members or in the 
connections. 

(4)P If dissipative zones are located in the structural nlenlbers, the non-dissipative 
parts and the connections of the dissipative parts to the rest of the structure shall have 
sufficient overstrength to allow the developnlent of cyclic yielding in the dissipative 
parts. 

(5)P When dissipative zones are located in the connections, the connected members 
shall have sufficient overstrength to allow the developIl1ent of cyclic yielding in the 
connections. 

6.5.3 Design rules for dissipative elements in compression or bending 

(1)P Sufficient local ductility of 111enlbers which dissipate energy in compression or 
bending shall be ensured by restricting the width-thickness ratio hit according to the 
cross-sectional classes specified in ~EN 1993-1-1 :2005 @il, 5.5. 

(2) Depending on the ductility class and the behaviour factor q used in the design, 
the requirenlents regarding the cross-sectional classes of the steel elements which 
dissipate energy are indicated in Table 6.3 

Table 6.3: Requirements on cross-sectional class of dissipative elements depending 
on Ductility Class and reference behaviour factor 

I Ductility class 
Reference value of Required cross-

I behaviour factor q sectional class 

1,5 < q:::;; 2 class 1,2 or 3 
DCM 

2<q 4 class 1 or 2 

DCH q>4 class 1 

6.5.4 Design rules for parts or elements in tension 

(1) For tension 111elnbers or parts of nletnbers in tension, the ductility requirenlent of 
~ EN 1993-1 1 :2005 @il, 6.2.3(3) should be nlet. 

6.5.5 Design rules for connections in dissipative zones 

(1)P The design of connections shall be such as to lin1it localization of plastic strains, 
high residual stresses and prevent fabrication defects. 

(2) Non dissipative connections of dissipative nlembers Illade by means of full 
penetration butt vvelds ll1ay be deelned to satisfy the overstrength criterion. 
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(3) For fillet weld or bolted non dissipative connections, the following expression 
should be satisfied: 

(6.1) 

where 

Rd is the resistance of the connection in accordance with EN 1993; 

Rry is the plastic resistance of the connected dissipative n1ember based on the design 
yield stress of the n1aterial as defined in EN 1993. 

rOY is the overstrength factor (see 6.1.3(2) and 6.2). 

(4) Categories Band C of bolted joints in shear in accordance with 
~ EN 1993-1-8:2005 @1], 3.4.1 and category E of bolted joints in tension in 
~ EN 1993-1-8:2005 @1], 3.4.2 should be used. Shear joints with fitted bolts 
accordance with are also allowed. Frjction surfaces should belong to class A or B as 

defined in ~ EN 1090-2 @1] . 

(5) For bolted shear connections, the design shear resistance of the bolts should be 
higher than 1,2 times the design bearing resistance. 

(6) The adequacy of design should be supported by experin1ental evidence whereby 
strength and ductility of n1embers and their connections under cyclic loading should be 
supported by experin1ental evidence, in order to conform to the specific requiren1ents 
defined in 6.6 to 6.9 for each structural type and structural ductility class. This applies 
to partial and full strength connections in or adjacent to dissipative zones. 

(7) Experimental evidence n1ay be based on existing data. Otherwise, tests should 
be perforn1ed. 

NOTE The National Annex may provide reference to complementary rules on acceptable 
connection design. 

6.6 Design and detailing rules for moment resisting frames 

6.6.1 Design criteria 

(l)P Mon1ent resisting fran1es shall be designed so that plastic hinges forn1 in the 
bean1s or in the connections of the beams to the colunlns, but not in the colun1ns, in 
accordance with 4.4.2.3. This requirement is waived at the base of the fraIne, at the top 
level of nlulti-storey buildings and for single storey buildings. 

(2)P Depending on the location of the dissipative zones, either 6.5.2( 4)P or 6.5.2(5)P 
applies. 

(3) The required hinge fonnation pattern should be achieved by conforn1ing to 
4.4.2.3, 6.6.2, 6.6.3 and 6.6.4. 

6.6.2 Beams 

(1) Bean1S should be verified as having sufficient resistance against lateral and 
lateral torsional buckling in accordance with EN 1993, assunling the fonnation of a 
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plastic hinge at one end of the beam. The bealll end that should be considered is the 
1110st stressed end in the seisn1ic design situation. 

(2) For plastic hinges in the bealTIS it should be verified that the fulJ plastic 1110ment 
of resistance and rotation capacity are not decreased by c0111pressjon and shear forces. 
To this end, for sections belonging to cross-sectional classes 1 and 2, the following 
inequalities should be verified at the location where the f01111ation of hinges is expected: 

.~~-s: 1,0 
Mp1,Rd 

s: 0,5 
Vp1,Rd 

where 

iVEd is the design axial force; 

MEd is the design bending lTIOment; 

VEd is the design shear; 

Np1 , Rd , N/pI, Rd , ~)I, Rd are design resistances in accordance with EN 1993; 

VCcLG is the design value of the shear force due to the non seisll1ic actions; 

(6.2) 

(6.3) 

(6.4) 

(6.5) 

VEd,M is the design value of the shear force due to the application of the plastic 
n101nents Mp1,Rd,A and Mpl,Rd,B with opposite signs at the end sections A and B of 
the bean1. 

NOTE = (MpLRd.A +l"~1LRd.B)/L is the most unfavourable condition, corresponding to a beam 
with span L and dissipative zones at both ends. 

(3) For sections belonging to cross-sectional class 3, expressions (6.2) to (6.5) 
should be checked replacing Np1 , Rd, Mpl, Rd., ~)1, Rd with Nc1 , Rd, Mc!' Rd, Vcl, Rd· 

(4) If the condition in expression (6.3) is not verified, the requiren1ent 
specified in (2) of this subclause is deelned to be satisfied if the provisions of 
~EN 1993-1-1:2005@l), 6.2.9.1 are satisfied. 

6.6.3 Columns 

(l)P The COiUll111S shall be verified in c0111pression considering the 1110st unfavourable 
combination of the axial force and bending 1110111ents. In the checks, MEd , VEd 

should be computed as: 
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NEd = NEcI,G + l,lrov QNEd.E 

M Ed =M [d.G + l,lrov QJ1;f Ed.E 

VEci = VEd.G + 1,irO\ QVEd.E 

where 

(6.6) 

NEd,G (JVhd,G, are the cOll1pression force (respectively the bending nlonlent and 
shear force) in the colunln due to the non-seismic actions included in the 
cOll1bination of actions for the seislnic design situation; 

NEd,E (MEd,[, IfEdJJ are the conlpression force (respectively the bending nlonlent and 
shear force) in the colmnn due to the design SeiS111ic action; 

is the overstrength factor (see 6.1.3(2) and 6.2(3») 

1S the nlininlll1n value of Q = MpLRd)A1Ed,i of all beanls in which dissipative 
zones are located; A1Ed,i is the design value of the bending Inoment in beanl i in 
the seisnlic design situation and A1pl ,Rcl,i.is the corresponding plastic mOlnent. 

(2) In colunlns where plastic hinges form as stated in 6.6.1 (1)P, the verification 
should take into account that in these plastic hinges the acting lTIOnlent is equal to MpLRd . 

(3) The resistance verification of the c01u111ns should be made in accordance with 
~ EN 1993-1-1 :2005@11, Section 6. 

(4) The column shear force TIEd resulting fronl the structural analysis should satisfy 
the fol1owing expression: 

VEd :::; 0,5 
V pl,Rd 

(6.7) 

(5) The transfer of the forces fronl the beanls to the cohllnns should ~confornl to the 
design 11l1es given in EN 1993-1-8:2005, Section 6 @J]. 

(6) The shear resistance of framed web panels of beanl/colurnn connections (see 
Figure 6.10) should satisfy the following expression: 

....----.:.-:::;1,0 
Vwp,Rd 

(6.8) 

where 

Vwp,EcI is tIle design shear force in tIle web panel due to the action effects, taking into 
account the plastic resistance of the adjacent dissipative zones in beams or 
connections; 

148 

is the shear resistance of the web panel in accordance~\vith EN 1993-1-8:2005, 
6.2.6.1@J] . It is not required to take into account the effect of the stresses of the 
axial force and bending n10111ent on the plastic resistance in shear. 



BS EN 1998-1 :2004 
EN 1998-1 :2004 (E) 

Figure 6.10: Web panel framed by flanges and stiffeners 

(7) The shear buckling resistance of the web panels should also be checked to 
ensure that it conforms to ~EN 1993-1-5:2006@l1, Section 5: 

Vwp,Ed < Vwb,Rd (6 .9) 

where 

Vwb,Rd is the shear buckling resistance of the web panel. 

6.6.4 Beam to column connections 

(1) If the structure is designed to dissipate energy in the bean1s, the connections of 
the beams to the columns should be designed for the required degree of overstrength 
(see 6.5.5) taking into account the 1110n1ent of resistance Mpl ,Rd and the shear force (VEd,G 

+ VEd,M) evaluated in 6.6.2. 

(2) Dissipative semi-rigid and/or partial strength connections are pernlitted, 
provided that all of the following requirements are verified: 

a) the connections have a rotation capacity consistent with the global defonnations; 

b) men1bers fran1ing into the connections are delnonstrated to be stable at the ultimate 
lirnit state (ULS); 

c) the effect of connection defornlation on global drift is taken into account using non
linear static (pushover) global analysis or non-linear time history analysis. 

(3) The connection design should be such that the rotation capacity of the plastic 
hinge region 61) is not less than 35 nu'ad for structures of ductility class DCB and 25 
mTad for structures of ductility class DCM with q > 2. The rotation 61) is defined as 

(6.10) 

where (see Figure 6.11): 

6 is the bean1 deflection at n1idspan ; 

L is the bean1 span 
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The rotation capacity of the plastic hinge region ~l should be ensured under cyclic 
loading without degradation of strength and stiffness greater than 200/0. This 
requirement is valid independently of the intended location of the dissipative zones. 

L 

Figure 6.11: Beam deflection for the calculation of Or}O 

(4) In experilnents Illade to assess Bp the colullln web panel shear resistance should 
confonn to expression (6.8) and the colulnll web panel shear defonnation should not 
contribute for more than 300/0 of the plastic rotation capability ~)' 

(5) co]unl11 elastic defol111ation should not be included in the evaluation of ~). 

(6) \Vhen partial strength connections are used, the colull1n capacity design should 
be derived fr01n the plastic capacity of the connections. 

6.7 Design and detailing rules for frames with concentric bracings 

6.7.1 Design criteria 

(l)P Concentric braced franles shall be designed so that yielding of the diagonals in 
tension will take place before failure of the connections and before yielding or buckling 
of the beams or colU1nns. 

(2)P The diagonal elelnents of bracings shall be placed in such a way that the 
structure exhibits siInilar load deflection characteristics at each storey in opposite senses 
of the SaIne braced direction under load reversals. 

(3) To this end, the following rule should be n1et at every storey: 

/A+ -A-/ 
-'-----'- ::; 0,05 
A+ + 

(6. 11) 

where A+ and A- are the areas of the horizontal projections of the cross-sections of the 
tension diagonals, when the horizontal seismic actions have a positive or negative 
direction respectively (see Figure 6.12). 
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6.7.2 Analysis 
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/1 2 cos a~ 

(l)P Under gravity load conditions, only beanlS and co]un1ns shall be considered to 
resist such loads, without taking into account the bracing men1bers. 

(2)P The diagonals shall be taken into account as follows in an elastic analysis of the 
structure for the seismic action: 

- in frames with diagonal bracings, only the tension diagonals shall be taken into 
account; 

- in fran1es with V bracings, both the tension and conlpression diagonals shall be 
taken into account. 

(3) Taking into account of both tension and compression diagonals in the analysis of 
any type of concentric bracing is allowed provided that all of the following conditions 
are satisfied: 

a) a non-linear static (pushover) global analysis or non-linear time history analysis is 
used; 

b) both pre-buckling and post-buckling situations are taken into account In the 
modelling of the behaviour of diagonals and; 

c) background infonnation justifying the nlode} used to represent the behaviour of 
diagonals is provided. 
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6.7.3 Diagonal members 

(1) In frames with X diagonal bracings~ the non-dimensional slenderness /L as 

defined in ~EN 1993-1-1:2005@l1 should be limited to: 1,3 </L::; 2,0. 

NOTE The J,3 limit is defined to avoid overloading columns in the prebuckling stage (when 
both compression and tension diagonals are active) beyond the action efTects obtained from an 
analysis at the ultimate stage vvhere only the tension diagonal is taken as active. 

(2) In frames with diagonal bracings in which the diagonals are not positioned as X 

diagonal bracings (see for instance Figure 6.12), the non-din1ensional slenderness /L 
should be less than or equal to 2~0. 

(3) In franles with V bracings, the non-dilnensional slenderness /L should be less 
than or equal to 2~0. 

(4) In structures of up to two storeys, no lilnitation applies to A . 

(5) The yield resistance Npl,Rd of the gross cross-section of the diagonals should be 
such that Npl,Rd 2 NEd. 

(6) In fran1es with V bracings, the cOtnpression diagonals should be designed for the 
conlpression resistance in accordance with EN 1993. 

(7) The connections of the diagonals to any nlenlber should satisfy the design rules 
of 6.5.5. 

(8) In order to satisfy a honl0geneous dissipative behaviour of the diagonals, it 
should be checked that the Inaxinlunl overstrength Q j defined in 6.7.4(1) does not differ 
fron1 the nlininlunl value _Qby nl0re than 25%. 

(9) Dissipative sen1i-rigid and/or partial strength connections are pern1itted, 
provided that all of the following conditions are satisfied: 

a) the connections have an elongation capacity consistent with global deformations; 

b) the effect of connections deformation on global drift is taken into account using non
linear static (pushover) global analysis or non-linear tinle history analysis. 

6.7.4 Beams and columns 

(1) Beanls and colunlns with axial forces should meet the following nllnInlUnl 
resistance requirenlent: 

(6.12) 

where 

Npl,Rd(MEd) is the design buckling resistance of the bean1 or the colunln in 
accordance with EN 1993, taking into account the interaction of the buckling 
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resistance with the bending 1l10111ent AilEd, defined as its design value in the 
seismic design situation; 

is the axial force in the bean1 or in the colun1n due to the non-seismic actions 
included in the combination of actions for the seisl11ic design situation; 

is the axial force in the beam or in the colunl11 due to the design seismic action; 

Yov is the overstrength factor (see 6.1.3(2) and 6.2(3)) 

is the 111inil11unl value of Q over all the diagonals of the braced 
fraIl1e systenl; where 

lVpl,Rd,i is the design resistance of diagonal i; 

NEd,i is the design value of the axial force in the san1e diagonal i in the seis111ic design 
situation. 

(2) In frames with V bracings, the beaIl1S should be designed to resist: 

all non-seismic actions without considering the intermediate support given by the 
diagonals; 

the unbalanced vertical seismic action effect applied to the bean1 by the braces after 
buckling of the compression diagonal. This action effect is calculated using Npl,Rd 

for the brace in tension and JVpl,Rd for the brace in compression. 

NOTE 1 The factor nJD is llsed for the estimation of the post buckling resistance of diagonals in 
compression. 

NOTE 2 The value ascribed to for use in a country may be found in its National Annex to this 
document. The recommended is 0,3. 

(3)P In fran1es with diagonal bracings in which the tension and con1pression 
diagonals are 110t intersecting (e.g. diagonals of Figure 6. 12), the design should take into 
account the tensile and con1pression forces which develop in the colunl11S adjacent to 
the diagonals in cOll1pression and correspond to conlpression forces in these diagonals 
equal to their design buckling resistance. 

6.8 Design and detailing rules for frames with eccentric bl4 acings 

6.8.1 Design criteria 

(l)P Fralnes with eccentric bracings shall be designed so that specific elements or 
parts of elements called seisnlic links are able to dissipate energy by the f01111ation of 
plastic bending andlor plastic shear n1echanlslns. 

(2)P The structural system shall be designed so that a hOl11ogeneous dissipative 
behaviour of the whole set of seislnic links is realised. 

NOTE The rules given hereafter are intended to ensure that yielding, including strain hardening 
effects in the plastic hinges or shear panels, will take place in the links prior to any yielding or 
failure elsewhere. 

(3) SeiS111ic links nlay be horizontal or vertical con1ponents (see Figure 6.4). 
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6.8.2 Seismic lin ks 

(I) The web of a link should be of single thickness without doubler plate 
reinforcement and without a hole or penetration. 

(2) SeiS1Jlic links are classified into 3 categories according to the type of plastic 
mechanisnl developed: 

- short links, which dissipate energy by yielding essentially in shear; 

long links, which dissipate energy by yielding essentially in bending; 

intermediate links, in which the plastic 11lechanisnl involves bending and shear. 

(3) For I sections, the following paranleters are used to define the design resistances 
and limits of categories: 

Mp,link =.f~ b tr (d-ttJ 

b 

d -- --

I 

Figure 6.13: Definition of symbols for [link sections 

(6.13) 

(6.14) 

(4) If NEd/)Vpl,Rd 0,15, the design resistance of the link should satisfy both of the 
following relationships at both ends of the link: 

( 6.15) 

(6.16) 

where 

NEd, MEd, VEd are the design action effects, respectively the design axial force, design 
bending monlent and design shear, at both ends of the link. 

(5) If NEiNRd > 0,15, expressions (6.15), (6.16) should be satisfied with the 
following reduced values Vp,link,r and~)'link,r used instead of and Mp,link 
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e S 1,6Mpllinkn~),link when R 0,3, 
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(6.17) 

(6.l8) 

(6.19) 

(6.20) 

where R l"iEd.tw.(d -2tf) 1 (VEd.A), ill which A is the gross area of the link. 

(7) To achieve a global dissipative behaviour of the structure, it should be checked 
that the individual values of the ratios D.. defined in 6.8.3(1) do not exceed the ll1ininlull1 
value t2resulting fr0111 6.8.3(1) by more than 250/0 of this nlininlunl value. 

(8) In designs where equal nlOl11ents would fonn sinlultaneously at both ends of the 
link (see Figure 6.14.a), links Inay be classified according to the length e. For T sections, 
the categories are: 

short links 

long links 

intennediate links 

e> eL = 3,0 

(6.21 ) 

(6.22) 

(6.23) 

(9) In designs where only one plastic hinge would fOrtl1 at one end of the link (see 
Figure 6.14.b), the value of the length e defines the categories of the links.For I sections 
the categories are: 

short links 

long links 

intennediate links 

e < es 0,8 (1 +a) Mp,lil1kl Vp,link 

e > eL = 1,5 (1 +a) ~),linkIVp,link 

(6.24) 

(6.25) 

(6.26) 

where a is the ratio of the snlaller bending InOl11ents MEd,A at one end of the link in the 
SeiS111ic design situation, to the greater bending m0111ents MEd,B at the end where the 
plastic hinge \vould fon11, both nl0111ents being taken as absolute values. 
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a) b) 

Figure 6.14: a) equal moments at link ends; b) unequal moments at link ends 

(l0) The link rotation angle Bp between the link and the elen1ent outside of the link as 
defined in 6.6.4(3) should be consistent with global defon11ations. It should not exceed 
the following values: 

short links 

long links 

intermediate links 

~) S ~)R 0,08 radians 

~) S ~)R = 0,02 radians 

(6.27) 

(6.28) 

~) S ~)R = the value detern1ined by linear interpolation 
between the above values. (6.29) 

(11) Full-depth web stiffeners should be provided on both sides of the link web at the 
diagonal brace ends of the link. These stiffeners should have a c0111bined width of not 
less than (br - 2tw) and a thickness not than 0,7Stw nor 10 l11n1, whichever is larger. 

(12) Links should be provided with intell11ediate web stiffeners as follows: 

a) short links should be provided with inten11ediate web stiffeners spaced at intervals 

not exceeding (30tw diS) for a link rotation angle ~) of 0,08 radians or (S2tvv diS) for 
link rotation angles Bp of 0,02 radians or Linear interpolation should be used for 

values of ~) between 0,08 and 0,02 radians; 

b) long links should be provided with one intennediate web stiffener placed at a 
distance of 1,5 tin1es b fron1 each end of the link where a plastic hinge would forn1; 

c) intennediate links should be provided with intennediate web stiffeners n1eeting the 
requirenlents of a) and b) above; 

d) intern1ediate web stiffeners are not required in links of length e greater than S i\!~/Vp; 

e) intern1ediate web stiffeners should be full depth. For links that are less than 600 n1111 
in depth d, stiffeners are required on only one side of the link web. The thickness of 
one-sided stiffeners should be not less than or 10 Inn1, whichever is larger, and the 
width should be not less than (bI2) two For links that are 600 Inl11 in depth or greater, 
sinlilar intern1ediate stiffeners should be provided on both sides of the web. 

(13) Fillet welds connecting a link stiffener to the link web should have a design 

strength adequate to resist a force of Yov where Ast is the area of the stiffener. The 
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design strength of fillet welds fastening the stiffener to the flanges should be adequate 

to resist a force of Yov Asfy/4. 

(14) Lateral supports should be provided at both the top and botton1 link tlanges at 
the ends of the l1nk. End lateral supports of links should have a design axial resistance 
sufficient to provide lateral support for forces of 60/0 of the expected nominal axial 
strength of the link flange computed asfy b tf. 

(15) ] n beanls where a seisnlic link is present, the shear buckling resistance of the 
web panels outside of the link should be checked to confon11 to~EN 1993-1-5:2006@il, 
Section 5. 

6.8.3 Members not containing seismic links 

(l) The men1bers not containing seismic links, like the colun1ns and diagonal 
nlembers, if horizontal links in beanls are used, and also the beanl n1enlbers, if vertical 
links are used, should be verified in conlpression considering the 1110St unfavourable 
combination of the axial force and bending monlents: 

N Rd (M Ed' VEd ) 2:: lV Ed.(i + 1,lyov QN Ed.E (6.30) 

where 

lVRd (MEd, VEd) is the axial design resistance of the column or diagonal member in 
accordance with EN 1993, taking into account the interaction with the bending 
1110111ent Mi:d and the shear VEd taken at their design value in the SeiS111ic 
situation; 

is the cOll1presslon force in the colunln or diagonal l11en1ber due to the n011-
seisl11ic actions included in the conlbinatio11 of actions for the seisn1ic design 
situation; 

JVEd.E is the cornpression force in the column or diagonal ll1en1ber due to the design 
seismic action; 

is the overstrength factor (see 6.1.3(2) and 6.2(3)) 

Q is a mu1tiplicative factor which is the nlinil11ull1 of the following values: 

the nlininlUlTI value of Q j 1,5 Vp,link,j I VEd,i all10ng all ShOl1 links; 

the mininlum value of Q i 1 ,5A::t;),link) MEd,i anl0ng all intermediate and long links; 

where 

VEd,i, MEd,j are the design values of the shear force and of the bending 1110nlent in 
link i in the SeiS111ic design situation; 

Vp,link,j, N4),link,i are the shear and bending plastic design resistances of link ; as in 
6.8.2(3). 
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6.8.4 Connections of the seismic links 

(I) If the structure is designed to dissipate energy in the seis111ic links, the 
connections of the links or of elenlent containing the links should be designed for 
action effects Ed computed as follows: 

(6.31 ) 

where 

Ed,G is the action effect in the connection due to the non-seis111ic actions included in 
the conlbination of actions for the seisDlic design situation; 

is the action in the connection due to the seislnic action; 

rOY is the overstrength factor (see 6.1.3(2) and 6.2(3») 

Q is the overstrength factor conlputed in accordance with 6.8.3(1) for the link. 

(2) In the case of semi-rigid and/or partial strength connections, the energy 
dissipation n1ay be aSSUll1ed to originate fro111 the connections only. This is allowable, 
provided that all of the following conditions are satisfied: 

a) the connections have rotation capacity su±1icient for the corresponding defornlation 
demands; 

b) menlbers fraIning into the connections are denl0nstrated to be stable at the ULS; 

c) the etTect of connection defornlations on global drift is taken into account. 

(3) When partial strength connections are used for the seis111ic links, the capacity 
design of the other elelnents in the structure should be derived frOlTI the plastic capacity 
of the ]inks connections. 

6.9 Design rules for inverted pendulum structures 

(l) In inverted pendulull1 structures (defined in 6.3.1( d)), the colull1ns should be 
verified in conlpression considering the most unfavourable combination of the axial 
force and bending 1110nlents. 

(2) I n the checks, NEd, A1Ed) should be cOlnputed as in 6.6.3. 

(3) The non-dimensional slende111ess of the colUInns should be limited to }~::; 1,5. 

(4) The interstorey drift sensitivity coefficient 0 as defined in 4.4.2.2 should be 
linlited to 0 0,20. 
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6.10 Design rules for steel structures with concrete cores or concrete walls and for 
moment resisting frames cOlnbined with concentric bracings or infills 

6.10.1 Structures with concrete cores or concrete walls 

(1)P The steel elenlents shall be verified in accordance with this Section and EN 
1993, while the concrete elenlents shall be designed in accordance with Section 5. 

(2)P The elements in which an interaction between steel and concrete exists shall be 
verified in accordance with Section 7. 

6.1 0.2 Moment resisting frames combined with concentric bracings 

(1) Dual structures with both l1l0nlent resisting frames and braced fI'ames acting in 
the sallle direction should be designed using a single q factor. The horizontal forces 
should be distributed between the different franles according to their elastic stiffiless. 

(2) The nloment resisting franles and the braced franles should confornl to 6.6, 6.7 
and 6.8. 

6.10.3 Moment resisting frames combined with infills 

(1)P Moment resisting [ranles in which reinforced concrete infills are positively 
connected to the steel structure shall be designed in accordance with Section 7. 

(2)P The monlent resisting franles in which the infills are structurally disconnected 
frolll the steel franle on the lateral and top sides shall be designed as steel structures. 

(3) The l1lonlellt resisting fran1es in which the infills are in contact with the steel 
franle, but are not positively connected to that franle, should satisfy the following rules: 

a) the 1nfi11s should be unifonnly distributed in elevation in order not to increase loca]]y 
the ductility delnand on the fraIne elements. If this is not verified, the building should be 
considered as non-regular in elevation; 

b) the fralne-infil1 interaction should be taken into account. The internal forces in the 
beams and colulnns due to the diagonal strut action in the illfills should be taken into 
account. The rules in 5.9 Inay be used to this end; 

c) the steel franles should be verified in accordance with the rules in this clause~ while 
the reinforced concrete or l1lasonry infills should be designed 1n accordance with EN 
1992-1-1 :2004 and in accordance with Sections 5 or 9. 

6.11 Control of design and construction 

(l)P The control of design and construction shall ensure that the real structure 
corresponds to the designed structure. 

(2) To this end~ in addition to the prOVISIons of EN 1993, the following 
requirements should be met: 
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a) the drawings 11lade for fabrication and erection should indicate the details of 
connections, sizes and quaJities of bolts and welds as well as the steel grades of the 
111embers, noting the ll1aximull1 penl1issible yield stress .I~,max of the steel to be used by 
the fabricator in the dissipative zones; 

b) the c0111pliance of the materials with 6.2 should be checked; 

c) the control of the tightening of the bolts and of the quality of the welds should follow 
the rules ~ in EN 1090-2;@j] 

d) during constlllction it should be ensured that the yield stress of the actual steel used does 
exceed .1;" max noted @j] on the drawings for dissipative zones by 1110re than 10%. 

~ (3)P Whenever one of the above conditions is not satisfied, corrections or 
justifications shan be provided in order to meet the requirements of EN 1998-1 and 
assure the safety of the structure. 
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7 SPECIFIC RULES FOR COlVIPOSITE STEEL CONCRETE BUILDINGS 

7.1 General 

7.1.1 Scope 

(l)P For the design of cOlnposite steel concrete buildings, EN 1994-1-1 :2004 
applies. The following rules are additional to those given in EN 1994-1-1 :2004. 

(2) Except where lTIodified by the provisions of this Section, the provisions of 
Sections 5 and 6 apply. 

7.1.2 Design concepts 

(l)P Earthquake resistant composite buildings shall be designed in accordance with 
one of the following design concepts (see Table 7.1): 

- Concept a) Low-dissipative structural behaviour. 

- Concept b) Dissipative structural behaviour with con1posite dissipative zones; 

Concept c) Dissipative structural behaviour with steel dissipative zones. 

Table 7.1: Design concepts, structural ductility classes and upper limit of reference 
values of the behaviour factors 

I Design concept 
Range of the reference 

Structural ductility class val ues of the behaviour 
factor q 

Concept a) 
Low-dissipative structural DCL (Low) ::;; 1,5 - 2 
behaviour 

::;;4 

Concepts b) or c) DCM (Medill1n) also lin1ited by the 

Dissipative structural values of Table 7.2 

behaviour DCH (High) 
only limited by the 

I values of Table 7.2 

NOTE 1 The value ascribed to the upper limit of q for low dissipative behaviour, vvithin the 
range of Table 7.1, for use in a country may be found in its National Annex to this doclIment. 
The recommended value of the upper limit ofq for low-dissipative behaviour is 1 

NOTE 2 The National Annex of a particular country may give limitations on the choice of the 
design concept and oflhe ductility class which are permissible within that country. 

(2)P In concept a), the action effects lllay be calculated on the basis of an elastic 
analysis without taking into account non-linear Inaterial behavlour but considering the 
reduction in the n10ment of inertia due to the cracking of concrete in part of the beam 
spans, in accordance with the general structural analysis rules defined in 7.4 and to the 
specific rules defined in 7.7 to 7.11 related to each structural type. \Vhen using the 
design spectrUlll defined in 3.2.2.5, the upper limit to the reference value of the 
behaviour factor q is taken between 1,5 and 2 (see Note I to (1) of this subclause). In 
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case of irregularity in e1evation the upper linlit value of the behaviour factor q should be 
corrected as indicated in 4.2.3.1 (7) but it need not be taken as being snlaller than 1,5. 

(3) In concept a) the resistance of the nlembers and of the connections should be 
evaluated in accordance with EN 1993 and EN 1994 without any additional 
requirenlents. For buildings which are not base-isolated (see Section 10)l design to 
concept a) is recomnlended only for low seisll1icity cases (see 3.2.1 (4»). 

(4) In concepts b) and c}, the capability of parts of the structure (dissipative zones) 
to resist earthquake actions through ine1astic behaviour is taken into account. When 
using the design response spectrum defined in 3.2.2.5, the upper linlit to the reference 
value of the behaviour factor q is taken as being greater than the upper va1ue established 
in Table 7.1 and in Note 1 to (1) of this subclause for low dissipative structural 
behaviour. The upper limit value of q depends on the ductility class and the structural 
type (see 7.3). When adopting concepts b) or c) the requirenlents given in 7.2 to 7.12 
should be fulfilled. 

(5)P In concept c), structures are not nleant to take advantage of cOlnposite behaviour 
in dissipative zones; the application of concept c) is conditioned by a strict conlpliance 
to measures that prevent involvement of the concrete in the resistance of dissipative 
zones. In concept c) the C0111posite structure is designed in accordance with EN 1994-1-
1 :2004 under non seisll1ic loads and in accordance with Section 6 to resist earthquake 
action. The ll1easures preventing involvell1ent of the concrete are given in 7.7.5. 

(6)P The design rules for dissipative COl1Jposite structures (concept b), ain1 at the 
development of reliable local plastic n1echanisnlS ( dissipative zones) in the structure and 
of a reliable global plastic nlechanisln dissipating as nluch energy as possible under the 
design earthquake action. For each structural elenlent or each structural type considered 
in this Section, rules allowing this general design objective to be achieved are given in 
7.5 to 7.11 with reference to what are called the specific criteria. These criteria ain1 at 
the developnlent of a global nlechanical behaviour for which design provisions can be 
given. 

(7)P Structures designed in accordance with concept b) shall belong to structural 
ductility classes DCM or DCH. These classes correspond to increased ability of the 
structure to dissipate energy in plastic ll1echanis111s. A structure belonging to a given 
ductility class shall meet specific requirements in one or more of the following aspects: 
class of steel sections, rotational capacity of connections and detailing. 

7.1.3 Safety verifications 

(1) P 5.2.4(1)P and 6.1.3(1)P and its Notes apply. 

(2) 5.2.4(2) applies. 

(3) 5.2.4(3) applies. 

(4) In the capacity design checks relevant for structural steel parts, 6.2(3) and its 
Notes apply. 
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(1) In dissipative zones~ the prescribed concrete class should not be lower than 
C20/2S. If the concrete class is higher than C40/S0, the design is not within the scope of 
EN 1998-1. 

7.2.2 Reinforcing steel 

(1)P F or ductility class DCM the reinforcing steel taken into account in the plastic 
resistance of dissipative zones shall be of class B or C in accordance with EN 1992-1-
1 :2004 Table C.l. For ductility class DCH the reinforcing steel taken into account in the 
plastic resistance of dissipative zones shalld be of class C according to the san1e Table. 

(2)P Steel of class B or C ( 1992-1-1 :2004~ Table C.l) shall be used in highly 
stressed regions of non dissipative structures. This requiren1ent applies to both bars and 
welded meshes. 

(3)P Except for closed stirrups or cross 
reinforcing steel in regions with high stresses. 

only ribbed bars are allowed as 

(4) Welded 111eshes not conforn1ing to the ductility requirements of (l)P of this 
subclause should not be used in dissipative zones. If such lTIeshes are l1sed~ ductile 
reinforcen1ent duplicating the n1esh should be placed and their resistance capacity 
accounted for in the capacity analysis. 

7.2.3 Structural steel 

(l)P requirements are those specified in 6.2. 

7.3 Structural types and behaviour factors 

7.3.1 Structural types 

(l)P Composite steel-concrete structures shall be assigned to one of the following 
structural types according to the behaviour of their prill1ary resisting structure under 
seisn1ic actions: 

a) are those with the san1e definition and 
1ilnitations as in 6.3.1(1)a, but in which bean1s and colun1ns lTIay be either structural 
steel or COll1posite steel-concrete (see Figure 6.1); 

b) Con1posite concentrically braced fran1es are those with the same definition and 
li111itations as in 6.3.1(1)b and Figures 6.2 and 6.3. Co]un1ns and bean1s may be either 
structural steel or C0111posite steel-concrete. Braces shall be structural steel; 

c) Composlte eccentrically braced fralTIes are those with the san1e definition and 
configurations as in 6.3.1(1)c and Figure 6.4. The n1elTIbers which do not contain the 
links l11ay be either structural steel or composite steel-concrete. Other than for the slab, 
the links shall be structural steel. Energy dissipation shall occur only through yielding in 
bending or shear of these links; 
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d) Inverted pendulunl structures, have the sanle definition and linlitations as in 6.3.1 (l)d 
(see Figure 6.5); 

e) Composite structural systenlS are those which behave essentially as reinforced 
concrete walls. The composite systenls nlay belong to one of the following types: 

- Type 1 corresponds to a steel or conlposite franle working together with concrete 
infill panels connected to the steel structure (see Figure 7.1a); 

- Type 2 is a reinforced concrete wall in which encased steel sections connected to the 
concrete structure are used as vertical edge reinforcenlent (see Figure 7 .1 b); 

- Type 3, steel or conlposite beanls are used to couple two or more reinforced 
concrete or c01nposite walls (see Figure 7.2); 

f) Conlposite steel plate shear walls are those consIstIng of a vertical steel plate 
continuous over the height of the building with reinforced concrete encasenlent on one 
or both faces of the plate and of the structural steel or conlposite boundary nlenlbers. 

a) b) 

Figure 7.1: Composite structural systems. Composite walls: a) Type 1 - steel or 
conlposite nloment frame with connected concrete infill panels; b) Type 2 -

composite walls reinforced by connected encased vertical steel sections. 

/. 

Figure 7.2: Composite structural systems. Type 3 - composite or concrete walls 
coupled by steel or composite beams. 

(2) In all types of conlposite structural systenls the energy dissipation takes place in 
the vertical steel sections and in the vertical reinforcelnents of the walls. In type 3 
c01nposite structural systenls, energy dissipation may also take place in the coupling 
beanls; 

(3) If, in c01nposite structural systenls the wall elenlents are not connected to the 
steel structure, Sections 5 and 6 apply. 
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7.3.2 Behaviour factors 

(1) The behaviour factor q~ introduced in 3.2.2.5, accounts for the energy dissipation 
capacity of the structure. For regular structural systenlS, the behaviour factor q should 
be taken with upper linlits to the reference value which are given in Table 6.2 or in 
Table 7.2, provided that the rules in 7.5 to 7.11 are 111et. 

Table 7.2: Upper limits to reference values of behaviour factors for systenls 
regular in elevation 

I Ductility Class 
I STRUCTURAL TYPE 

DCM DCH 
I : a), b), c) and d) See Table 6.2 

e) COlnposi te structural sys tenlS 

C0111posite walls (Type I and Type 2) 3 au/a I 4 au/a I 

C0111posite or concrete walls coupled by steel 
3 au/a I 4,5 au/a I or conlposite beanls (Type 3) 

1 f) Composite steel plate shear walls 3au/aj 
! 

4 au/a I I 

i 

I 

I 

(2) If the building is non-regular in elevation (see 4.2.3.3) the values of q listed in 
Table 6.2 and Table 7.2 should be reduced by 20 (Yo (see 4.2.3.1 (7) and Table 4.1). 

(3) For buildings that are regular in plan, if calculations to evaluate aul al (see 
6.3.2(3)), are not perfornled, the approxinlate default values of the ratio aul al presented 
in Figures 6.1 to 6.8 nlay be used. For composite structural systems the default value 
lTIay be taken as being aul al I 1. For conlposite steel plate shear walls the default 
value may be taken as being au! al = 1,2. 

(4) For buildings which are not regular in plan (see 4.2.3.2), the approximate value 
of au! al that lTIay be used when calculations are not perfoI111ed for its eval uation are 
equal to the average of (a) 1,0 and of (b) the value given in (3) of this subclause. 

(5) Values of aulal higher than those given in (3) and (4) of this subclause are 
allowed, provided that they are confinned by calculating au! al with a nonlinear static 
(pushover) global analysis. 

(6) The nlaximunl value of au! al that may be used in the design is equal to 1,6, even 
if the analysis Inentioned in (5) of this subclause indicates higher potential values. 

7.4 Structural analysis 

7.4.1 Scope 

(1) The following rules apply to the analysis of the structure under earthquake 
action with the lateral force analysis Inethod and with the nl0dal response spectrum 
analysis nlethod. 
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7.4.2 Stiffness of sections 

(1) The stiffness of composite sections in which the concrete IS 111 compression 
should be COll1puted using a modular ratio n 

n / Ecm = 7 (7.1 ) 

(2) For conlposite beanls with slab in conlpression, the second nl01nent of area of 
the section, referred to as [I, should be computed taking into account the effective width 
of slab defined in 7.6.3. 

(3) The stiffness of conlposite sections in which the C011crete is in tension should be 
computed assullling that the concrete is cracked and that only the steel parts of the 
section are active. 

(4) For conlposite beams with slab in tension, the second nlonlent of area of the 
section, referred to as h, should be computed taking into account the effective width of 
slab defined in 7.6.3. 

(5) The structure should be analysed taking i11to account the presence of concrete in 
compression in S011le zones and concrete in tension in other zones; the distribution of 
the zones is given in 7.7 to 7.11 for the various structural types. 

7.5 Design criteria and detailing rules for dissipative structural behaviour 
common to all structural types 

7.5.1 General 

(1) The design criteria given in 7.5.2 should applied to the earthquake-resistant 
parts of structures designed in accordance with the concept of dissipative structural 
behaviour. 

(2) The design criteria given in 7.5.2 are deemed to be satisfied, if the rules given in 
7.5.3 and 7.5.4 and in 7.6 to 7.11 are observed. 

7.5.2 Design criteria for dissipative structures 

(l)P Structures with dissipative zones shall be designed such that yielding or local 
buckling or other phenomena due to hysteretic behaviour in those zones do not affect 
the overall stability of the structure. 

NOTE The q factors given in Table 7.2 are deemed to conform to this requirement 2.2.2(2»). 

(2)P Dissipative zones shaH have adequate ductility and resistance. The resistance 
shall be detenllined in accordance with EN 1993 and Section 6 for concept c) (see 7.1.2) 
and to EN 1994-1 1 :2004 and Section 7 for concept b) (see 7.1.2). Ductility is achieved 
by C0111pliance to detailing rules. 

(3) Dissipa6ve zones nlay be located 111 the structural 111enlbers or 111 the 
connections. 
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(4)P If dissipative zones are located in the structural members, the non-dissipative 
parts and the connections of the dissipative parts to the rest of the structure shall have 
sufficient overstrength to allow the development of cyclic yielding in the dissipative 
parts. 

(5)P When dissipative zones are located in the connections, the connected members 
shall have sufficient overstrength to allow the developl11ent of cyclic yielding in the 
connections. 

7.5.3 Plastic resistance of dissipative zones 

(l)P Two plastic resistances of dissipative zones are used in the design of composite 
steel - concrete structures: a ]o\ver bound plastic resistance (index: pi, Rd) and an upper 
bound plastic resistance (index: U, Rd). 

(2)P The lower bound plastic resistance of dissipative zones is the one taken into 
account in design checks concerning sections of dissipative elenlents; e.g. Nfpl,Rd. 

The lower bound plastic resistance of dissipative zones is computed taking i11to account 
the concrete cOlnponent of the section and only the steel components of the section 
which are classified as ductile. 

(3)P The upper bound plastic resistance of dissipative zones is the one used in the 
capacity design of elements adjacent to the dissipative zone: for instance in the capacity 
design verification of 4.4.2.3(4), the design values of the Inonlents of resistance of 
bem11s are the upper bound plastic resistances, MU,Rd,b, whereas those of the columns are 
the lower bound ones, A1pl,Rd,c' 

(4)P The upper bound plastic resistance is conlputed taking into account the concrete 
cOll1ponent of the section and all the steel conlponellts present in the section, including 
those that are not classified as ductile. 

(5)P Action effects, which are directly related to the resistance of dissipative zones, 
shall be deternlined on the basis of the upper bound resistance of conlposite dissipative 
sections; e.g. the design shear force at the end of a dissipative C0111posite beam shall be 
determined on the basis of the upper bound plastic nl0111ent of the composite section. 

7.5.4 Detailing rules for composite connections in dissipative zones 

(l)P The design shall limit localization of plastic strains and high residual stresses 
and prevent fabrication defects. 

(2)P The integrity of the concrete in c0111pression shall be maintained during the 
seiSl11ic event and yielding shall be lilnited to the steel sections. 

(3) Yielding of the reinforcing bars in a slab should be allowed only if beanls are 
designed to confornl to 7.6.2(8). 

(4) For the design of welds and bolts, 6.5 applies. 

(5) The local design of the reinforcing bars needed in the concrete of the joint region 
should be justified by 1110dels that satisfy equilibriu111 (e.g. Annex C for slabs). 
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(6) 6.5.5(6), 6.5.5(7) and Note 1 to 6.5.5 apply. 

(7) In fully encased fraIned web panels of be am/cOIUlTIn connections, the panel zone 
resistance nlay be C0I11puted as the sunl of contributions fronl the concrete and steel 
shear panel, if all the following conditions are satisfied: 

a) the aspect ratio hli he of the panel zone is: 

b) 

where 

< 0,8 Vwp,Rd 

(7.2) 

(7.3) 

is the design shear force in the web panel due to the action effects, taking into 
account the plastic resistance of the adjacent conlposite dissipative zones in 
beaIns or connections; 

Vwp,Rd is the shear resistance of the cOlnposite steel - concrete web panel in accordance 
with EN 1994-1-1 :2004; 

hb, he are as defined in Figure 7.3a). 

168 



fl, 

I. 
a) 

A 

c 
b) 

A 

D 

c) 

Key 
A steel beanl; 
B face bearing plates; 
C reinforced concrete colu111n; 
D C0111posite encased colunln 

B 

.1 

BS EN 1998-1 :2004 
EN 1998-1 :2004 (E) 

4 .. '" .. 

"4" .. ~.. .. ...... 

.. ,:" .. 
" 

... -:' J .... ' :. 

, .. " . . ' ....... " 

.; ".: ,: .. .. 
.," .... 

, .' 
".' I. ,. 

"" .... .. .. " .. 

.. .. .. .. " .. 

" :. ' JI' 
'II .. 'I·j'" 

': 1(' :... :~I ... 
• •• ' 11' , ' .,' ~ I ..• ' 

1====:l;=:::f:T:.:-="ffr- - -'11 ='-.!rl=======l 
r " II ,~.~: II : r 
I ' Ir" ,.' I:· 'I 
I • ,n : ~. : I .. l 
I' " Ii " ." ·11" .• 

'~I": " n, I 
I, ' ,1,1 , : ,"II: t 
1: JI ,: '., If '.1 

I::=::::::::::=!=!::'":-='I:P= ~ ~::;:r -:::!;.-::::. 1======1 
. "I't .. ,. ·il, . 
" It" : :,11", 

.: .11'" .; .' J I:' , ; 
". ·41 

Figure 7.3: Beam column connections. 
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(8) In partially encased stiffened web panels, an assessl11ent sin1ilar to that in (7) of 
this subclause is permitted if, in addition to the requiren1ents of (9), one of the following 
conditions is fulfilled: 

a) straight links of the type defined in 7.6.5(4) and con1plying with 7.6.5(5) and (6) are 
provided at a n1axin1un1 spacing S1 = c in the partially encased stiffened web panel; 
these links are oriented perpendicularly to the longest side of the colunln web panel and 
no other reinforcement of the web panel is required; or 

b) no reinforcement is present, provided that hb/ bb < 1,2 and he/be < 1,2 

where hb, bb, be and he are as defined in Figure 7.3a). 

(9) When a dissipative steel or con1posite bean1 is framing into a reinforced concrete 
colun1n as shown in Figure 7.3b), vertical colunln reinforcen1ent with design axial 
strength at least equal to the shear strength of the coupling beal11 should be placed close 
to the stiffener or face bearing plate adjacent to the dissipative zone. It is pe1111itted to 
use vertical reinforcen1ent placed for other purposes as part of the required vertical 
reinforcen1ent. The presence of face bearing plates is required; they should be full depth 
stiffeners of a cOll1bined width not less than (hb - 2 t); their thickness should be not less 
than 0,75 t or 8 n1n1; bb and t are respectively the beaIn flange width and the panel web 
thickness (see Figure 7.3). 

(10) When a dissipative steel or con1posite bean1 is fraIning into a fully encased 
conlposite column as shown at Figure 7 .3c), the bean1 colun1n connection may be 
designed either as a bean1/steel colun1n connection or a beanl/con1posite colU111n 
connection. In the latter case, vertical colun1n reinforcelnents Inay be calculated either 
as in (9) of this subclause or by distributing the shear strength of the bean1 between the 
column steel section and the colunln reinforcel11ent. In both instances, the presence of 
face bearing p1ates as described in (9) is required. 

(1 1) The vertical colunln reinforcen1ent specified in (9) and (10) of this subclause 
shou Id be confined by transverse reinforcement that n1eets the requirements for 
n1el11bers defined in 7.6. 

7.6 Rules for members 

7.6.1 General 

(l)P Composite n1en1bers, which are primary seislnic n1elnbers, shall conforn1 to EN 
1994-1-1 :2004 and to additional rules defined in this Section. 

(2)P The earthquake resistant structure is designed with reference to a global plastic 
nlechanisnl involving local dissipative zones; this global tnechanisnl identifies the 
nlenlbers in which dissipative zones are located and indirectly the Inenlbers without 
dissipative zones. 

(3) F or tension nlenlbers or parts of menlbers in tension, the ductility requirenlent of 
~ EN 1993-1-1 :2005@il, 6.2.3(3) should be 111et. 
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(4) Sufficient local ductility of n1elnbers which dissipate energy under con1pression 
andlor bending should be ensured by restricting the width-to-thickness ratios of their 
walls. Steel dissipative zones and the not encased steel parts of C0111posite ll1embers 
should meet the requiren1ents of 6.5.3(1) and Table 6.3. Dissipative zones of encased 
con1posite n1en1bers should n1eet the requiren1ents of Table 7.3. The lin1its given for 
f1ange outstands of partially or fully encased ll1elnbers n1ay be relaxed if special details 
are provided as described in 7.6.4(9) and 7.6.5(4) to (6). 

~Table 7.3: Relation between behaviour factor and slenderness JiInits of walls 
of sections in dissipative zones of encased composite structures 

Ductility Class of Structure DCM DCH 

Reference value of behaviour 
q=::;1,5-2 1,5 -2 < q 4 q>4 

factor (c.) 

Partially Encased H or 1 Section 

Fully Encased H or 1 Section 

flange outstand lin1its clff: 20 & 14 & 9& 

Filled Rectangular Section 

hit 11n1its: 52 & 38 & 24 £ 

Filled Circular Section 

dlt limits: 902 852 80 i 

where 

[; (fyI235)o.5 

cltds as defined in Figure 7.8 

dlt and hit are the ratio between the maXin1U111 external dilnension ~ and the 
wall thickness of the steel profile @il 

(5) More specific detailing rules for dissipative C0111posite n1en1bers are given in 
7.6.2, 7.6.4, 7.6.5 and 7.6.6. 

(6) In the design of all types of composite colull1ns, the resistance of the steel 
section alone or the con1bined resistances of the steel section and the concrete 
encasen1ent or infill1nay be taken into account. 

(7) The design of colun1ns in \vhich the n1enlber resistance is taken to be provided 
only by the steel section Inay be carried out in accordance with the provisions of Section 
6. In the case of dissipative columns, the capacity design rules in 7.5.2(4) and (5) and 
7.5.3(3) should be satisfied. 

(8) For fully encased coltllnns with composite behaviour, the n111111J1Unl cross-
sectional dilnensions b, It or d should be not less than 250 111n1. 

(9) The resistance, including shear resistance, of non-dissipative con1posite COlUI1111S 
should be detern1ined in accordance with the rules of EN 1994-1-1 :2004. 
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(10) In columns, when the concrete encasement or infill are assunled to contribute to 
the axial and/or flexural resistance of the lnenlber, the design rules in 7.6.4 to 7.6.6 
apply. These rules ensure full shear transfer between the concrete and the steel parts in a 
section and protect the dissipative zones against premature inelastic failure. 

(11) For earthquake-resistant design, the design shear strength given in EN 1994-1-
1 :2004, Table 6.6, should be multiplied by a reduction factor of 0,5. 

(12) When, for capacity design purposes, the full conlposite resistance of a colunl11 is 
employed, c0111plete shear transfer between the steel and reinforced concrete parts 
should be ensured. If insufficient shear transfer is achieved through bond and friction, 
shear connectors should be provided to ensure full cOlnposite action. 

(13) vYherever a COll1posite co!unln is subjected to predonlinately axial forces, 
sufficient shear transfer should be provided to ensure that the steel and concrete parts 
share the loads applied to the colUInn at connections to beanls and bracing lnembers. 

(J 4) Except at their base in sonle structural types, colmnns are generally not designed 
to be dissipative. However, because of uncertainties in the behaviour, confining 
reinforcement is requ ired in regions called "critical regions" as specified in 7.6.4. 

(15) Subclauses 5.6.2.1 and 5.6.3 concerning anchorage and splices in the design of 
reinforced concrete columns apply also to the reinforcenlents of conlposite COlUnll1s. 

7.6.2 Steel beams composite with slab 

(l)P The design objective of this subclause is to maintain the integrity of the concrete 
slab during the seisnlic event, while yielding takes place in the bottonl part of the steel 
section and/or in the rebars of the slab. 

(2)P If it is not intended to take advantage of the cOlnposite character of the beanl 
section for energy dissipation, 7.7.5 shall be applied. 

(3) Beams intended to behave as conlposite elenlents in dissipative zones of the 
earthquake resistant structure nlay be designed for full or partial shear connection in 
accordance with EN 1994-1 1 :2004. The lninin1Ul11 degree of connection '7 as defined in 
EN 1994-1 1 :2004 6.6.1.2 should be not Jess than 0,8 and the total resistance of the 
shear connectors within any hogging moment region not less than the plastic resistance 
of the reinforcement. 

(4) The design resistance of connectors in dissipative zones is obtained froll1 the 
design resistance provided 111 1994-1 1 :2004 ll1ultiplied by a reduction factor of 
0,75. 

(5) Full shear connection is required when non-ductile connectors are used. 

(6) \Vhen a profiled steel sheeting with ribs transverse to the supporting beams is 
used, the reduction factor kl of the design shear resistance of connectors given by EN 
1994-1-1 should be further reduced by nlultiplying it by the rib shape efficiency factor 
kr given in Figure 7.4. 
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kr 0,8 

Figure 7.4: Values of the rib shape efficiency factor. 

(7) To achieve ductility in plastic hinges, the ratio xld of the distance x between the 
top concrete conlpression fibre and the plastic neutral axis, to the depth d of the 
C0111posite section, should conform to the following expression: 

(7.4) 

where 

Scu2 is the ultimate cOlnpressive strain of concrete (see EN 1992-1-1 :2004); 

Sa is the total strain in steel at Ultinlate Lilnit State. 

(8) The rule in (7) of this subclause is deenled to be satisfied when xld of a section 
is less than the li111its given in Table 7.4. 

Table 7.4: Limit values of xld for ductility of beams with slab 

I Ductility class q f~ (NlInnl) xld upper linlit 

1,5<g~4 355 0,27 
DCM 

1,5 < q ::; 4 235 0,36 

q>4 355 0,20 
DCH 

g>4 235 0,27 

(9) In dissipative zones of beanls, specific ductile steel reinforcement of the slab 
called "seismic rebars" (see Figure 7 .5), should be present in the connection zone of the 
beam and the column. Its design and the synlbols used in Figure 7.5 are specifed in 
Annex C. 
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Key 

A Exterior Node 

B Interior Node 

C Steel beam 

o Fac;ade steel beanl 

A 

E Reinforced concrete cantilever edge strip 

Figure 7.5: Layout of "seismic rebars" 

7 .6.3 Effective width of slab 

B 

(1) The total effective width befT of concrete flange associated with each steel web 
should be taken as the SUITI of the partial effective widths bel and bel of the portion of 
the flange 011 each side of the centreline of the steel web (Figure 7.6). The partial 
effective width on each side should be taken as be given in Table 7.5, but not greater 
than the actual available widths b I and b2 defined in (2) of this subclause. 

Figure 7.6: Definition of effective width be and beff 

(2) The actual width b of each portion should be taken as half the distance fr0111 the 
web to the adjacent web, except that at a fi'ee edge the actual width is the distance fron1 
the web to the free edge. 

(3) The partial effective width be of the slab to be used in the deternlination of the 
elastic and p1astic properties of the conlposite T sections made of a steel section 
connected to a slab are defined in Table 7.5 and Figure 7.7. These values are valid for 
beanls positioned as beaITIs C in Figure 7.5 and if the design of the slab reinforCelTIent 
and of the connection of the slab to the steel bealTIs and columns are in accordance with 
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Annex C. In Table 7.5 those moments which induce compreSSIon 111 the slab are 
considered as positive and those which induce tension in the slab are considered as 
negative. Symbols bb J he J be J beff and I used in Tables 7.5 ] and 7.5 II are defined in 
Figures 7.5, 7.6 and 7.7. bb is the bearing width of the concrete of the slab on the 
colun1n in the horizontal direction perpendicular to the bean1 for which the effective 
width is computed; this bearing width possibly includes additional plates or devices 
aiming at increased bearing capacity. 

/\ 

·-,-· ·I-.·····.'.-!r.'-
" n 

( " 
J G F 

Key 

A Exterior colu111n; 

B Interior colu111n; 

C Longitudinal beam; 

D Transverse bean1 or steel favade beam; 

E Cantilever concrete edge strip; 

F Extended bearing; 

G Concrete slab 

Figure 7.7: Definition of elenlents in nlonlent frame structures. 
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Table 7.5 I : Partial effective width be of slab for elastic analysis of the structure 

Transverse element be for I (ELASTIC) 

At interior column Present or not present F or negative ]\;1 : 0~05 1 

At exterior co]un1n Present For positive M : 0~03 75 1 

At exterior column 
Not present, F or negative M : ° 
or re-bars not anchored For positiveM : 0,025 1 

Table 7.5 II: Partial effective ,,,'idth be of slab for evaluation of plastic moment 
resistance 

Sign of bending Location elenlent be for III/Rei 

lTIOnlent M (PLASTIC) 
Negative M Interior Seismic re-bars OJ I 

co\unl11 
Neg 11.'£ Pvt~rior All layouts with re-bars anchored to fayade 0,11 

I column bean1 or to concrete cantilever edge strip 
Negative M Exterior All layouts with not anchored to 0,0 

colunl11 fayade beam or to concrete cantilever edge 
strip 

Positive M Interior Seisll1ic re-bars 0,075 1 
colUlTIn 

PositiveM Exterior Steel transverse beam with connectors. 0,075 1 
co]unl11 Concrete slab up to exterior face of COIUll111 

of H section with strong axis oriented as in 
Fig. 7.5 or beyond (concrete strip ). 
Seismic re-bars 

Positive M Exterior No steel transverse beanl or steel transverse bb/2 +0,7 hcl2 
colunln beanl without connectors. 

Concrete slab up to exterior face of colunln 
of H section with strong axis oriented as in 
Fig. or beyond (edge strip). 
Seisnlic re-bars 

PositiveM Exterior All other layouts. Seisll1ic re-bars bb/2 ::;: bc,m3x 

COIU11111 be.max =0,051 

7.6.4 Fully encased composite colunlns 

(I) In dissipative structures, critical regions are present at both ends of all colUlnn 
c1ear lengths in lTIOnlent franles and in the portion of COlU11111S adjacent to links in 
eccentrically braced frall1es. The lengths of these critical regions (in lTIetres) are 
specified by expression (5.14) for ductility class M, or by expression (5.30) for ductility 
class H, with he in these expressions denoting the depth of the COll1posite section (in 
metres). 

(2) To satisfy plastic rotation del11ands and to compensate for loss of resistance due 
to spaHing of cover concrete, the following expression should be satisfied within the 
critical regions defined above: 
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(7.5) 

in \vhich the variables are as defined in 5.4.3.2.2(8) and the n0l111alised design axial 
force Vd is defined as: 

(7.6) 

~where 

A a is the area of the stee I section 

A c is the area of concrete 

A s is the area of rebars 

f~d is the design value of the yield strength of steel 

is the design value of the concrete cOlnpressive strength 

is the design value of the yield strength of the rebar steel @.il 

(3) The spacing, s, (in 111illinletres) of confining hoops in critical regions should not 
exceed 

s = min(bo/2, 260, 9 dbd in ductility class DCM; 

s = mine bo/2, 175, 8 dbL) in ductility class DCH 

or at the lower part of the lower storey, in ductility class DCH 

s mine bo/2, 150, 6dbL) 

where 

(7.7) 

(7.8) 

(7.9) 

bo is the minilnum diInension of the concrete core (to the centreline of the hoops, in 
nli11 ilnetres ); 

dbL is the minimum dianleter of the longitudinal rebars (in 111illimetres). 

(4) The dimneter of the hoops, dbw, (in millimetres) should be at least 
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db\\! = 6 in ductility class OCM 

where 

is the maximun1 dianleter of the longitudinal rebars (in nlillimetres). 

(7.1 0) 

(7.11 ) 

(5) In critical regions, the distance between consecutive longitudinal bars restrained 
by hoop bends or cross-ties should 110t exceed 250 nln1 in ductility class DCM or 200 
nlm in ductility class OCH. 

(6) In the lower two of a building, hoops in accordance with (3), (4) and (5) 
should be provided beyond the critical regions for an additional length equal to half the 
length of the critical regions. 

(7) In dissipative conlposite COIUn111S, the shear resistance should be detern1ined on 
the basis of the structural steel section alone. 

(8) The relationship between the ductility class of the structure and the allowable 
slenderness the flange outstand in dissipative zones is given in Table 7.3. 

(9) Confining hoops can delay local buckling in the dissipative zones. The linlits 
given in Table 7.3 for slenderness nlay be increased if the hoops are provided at a 
longitudinal spacing, s, which is less than the flange outstand: 1,0. For < 0,5 
the 11n11ts given in Table 7.3 n1ay be increased by up to 50%. For va1ues of 0,5 sic < 
1,0 linear interpolation n1ay be used. 

(10) The diameter dbw of confining hoops used to prevent flange buckling should be 
not less than 

/ (7.12) 

in which band tf are the width and thickness of the flange respectively andf~df and.fYdw 
are the design yield strengths of the flange and reinforcenlent respectively. 

7.6.5 Partially-encased members 

(I) In dissipative zones where is dissipated by plastic bending of a 
COll1posite section, the longitudinal spacing of the transverse reinforcenlent, s, should 
satisfy the require111ents of 7.6.4(3) over a length or equal to ler for dissipative 
zones at the end of a nlenlber and 2/er for dissipative zones in the men1ber. 

(2) In dissipative nlenlbers, the shear resistance should determined on the basis 
of the structural steel section alone, unless special details are provided to n10bilise the 
shear resistance of the concrete encase1nent. 

(3) The relationship between the ductility class of the structure and the allowable 
slenderness (cit) of the flange outstand in dissipative zones is given in Table 
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Figure 7.8: Detail of transverse reinforcement, with the additional straight bars 
(links) welded to the flanges. 

(4) Straight links welded to the inside of the t1anges, as shown in Figure 7.8, 
additional to the reinforcen1ents required by EN 1994-1-1 , can delay local buckling in 
the dissipative zones. In this case, the limits given in Table 7.3 for flange slenderness 
lnay be increased if these bars are provided at a longitudinal spacing, S J. which is less 
than the flange outstand: sl/c < 1,0. For s] /c < 0,5 the lin1its given in Table 7.3 may be 
increased by up to 50%. For values ofO,5 < sl/c < 1,0 linear interpolation may be used. 

The additional straight links should also conform to the rules in (5) and (6) of this 
subclause. 

(5) The diaIneter, dbw , of the additional straight links referred to in (4) of this 
subclause should be at least 6 111111. When transverse links are en1ployed to delay local 
flange buckling as described in (4), dbw should be not less than the value given by 
expression (7.12). 

(6) The additional straight links referred to in (4) should be welded to the flanges at 
both ends and the capacity of the welds should be not less than the tensile yield strength 
of the straight links. A clear concrete cover of at least 20 111n1, but not exceeding 40 111111, 

should be provided to these links. 

(7) The design of partially-encased composite members n1ay take into account the 
resistance of the steel section alone, or the composite resistance of the steel section and 
of concrete encasement. 

(8) The design of partially-encased Inembers in which only the steel section is 
assull1ed to contribute to n1ember resistance ll1ay be carried out in accordance with the 
provisions of Section 6, but the capacity design provisions of 7.5.2(4) and (5) and 
7.5.3(3) should be applied. 

7 .6.6 Filled Composite Columns 

(l) The relationship between the ductility class of the structure and the allowable 
slenderness dlt or hit is given in Table 7.3. 

(2) The shear resistance of dissipative columns should be determined on the basis of 
the structural steel section or on the basis of the reinforced concrete section with the 
steel hollow section taken only as shear reinforcenlent. 
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(3) In non-dissipative nle111bers~ the shear resistance of the colu111n should be 
deternlined in accordance with EN 1994-1-1. 

7.7 Design and detailing rules for moment frames 

7.7.1 Specific criteria 

(l)P 6.6.1(1)P applies. 

(2)P The C0111posite beams shall be designed for ductility and so that the integrity of 
the concrete is maintained. 

(3) Depending on the location of the dissipative zones, either 7.5.2(4) or 7.5.2(5) 
applies. 

(4) The required hinge fonnation pattenl should be achieved by observing the rules 
given in 4.4.2.3, 7.7.3~ 7.7.4 and 7.7.5. 

7.7.2 Analysis 

(l)P The analysis of the structure shall be perfonned on the basis of the section 
properties defined in 7.4. 

(2) In beanls, two different flexural stiffnesses should be taken i11to account: Ell for 
the part of the spans subnlitted to positive (sagging) bending (uncracked section) and 
Eh for the part of the span subnlitted to negative (hogging) bending (cracked section). 

(3) The analysis lnay alternatively be performed taking into account for the entire 
beanl an equivalent second 1110ment of area Ieq constant for the entire span: 

IcC] = 0,611 0,4 h (7.13) 

(4) For conlposite COlU111nS, the flexural stiffness is given by: 

(EJ)c = 0,9( Ela + r Ecm Ie + E Is ) (7.14) 

where 

E and ECIl1 are the lnodulus of elasticity for steel and concrete respectively; 

r is the reduction factor depending on the type of column cross-section; 

la, Ic and Is denote the second nlOlnent of area of the steel section, of the concrete 
and of the rebars respectively. 

NOTE The value ascribed to r for llse in a country may be found in its National Annex of this 
document. The recommended value is r 0,5. 

7.7.3 Rules for beams and columns 

(l)P COlnposite T bean1 design shall conform to 7.6.2. Partially encased bealns shall 
confornl to 7.6.5. 
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(2)P BeanlS shall be verified for lateral and lateral torsional buckling in accordance 
with EN t 994-1-1 , assUll1ing the fonnation of a negative plastic nloment at one end of 
the beam. 

(3) 6.6.2(2) applies. 

(4) Conlposite trusses should not be used as dissipative beanls. 

(5)P 6.6.3(1)P applies. 

(6) In coiunlns where plastic hinges fODD as stated in 7.7.1(1), the verification 
should aSSUlne that jV~)I,Rd is realised in these plastic hinges. 

(7) The following expression should apply for all composite colunlns: 

< 0,30 (7.15) 

(8) The resistance verifications of the COiU111nS should be nlade in accordance with 
EN 1994-1-1 :2004, 4.8. 

(9) The colml1n shear force (fron1 the analysis) should be lill1ited in accordance 
with expression (6.4). 

7.7.4 Beam to column connections 

(1) The provisions given in 6.6.4 apply. 

7.7.5 Condition for disregarding the composite character of beams with slab. 

(l)P The plastic resistance of a beanl section conlposite with slab (lower or upper 
bound plastic resistance of dissipative zones) nlay be conlputed taking into account only 
the steel section (design in accordance with concept c) as defined in 7.1.2) if the slab is 
totally disconnected froIl1 the steel frame in a circular zone around a COlU111n of dianleter 
2bcff, with befr being the larger of the effective widths of the beanlS connected to that 
colunln. 

(2) For the purposes of (I)P, "totally disconnected" 111eans that there is no contact 
between slab and any vertical side of any steel elenlent (e.g. colunlns, shear connectors, 
connecting plates, corrugated flange, steel deck nailed to flange of steel section). 

(3) In partially encased bemns, the contribution of concrete between the flanges of 
the steel section should be taken into account. 

7.8 Design and detailing rules for composite concentrically braced frames 

7.8.1 Specific criteria 

(l)P 6.7.1(1)P applies. 

(2)P CoJmnns and beanlS shall be either structural steel or conlposite. 
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(3)P Braces shall be structural steel. 

(4) 6.7.1(2)P applies 

7.8.2 Analysis 

(I) The provisions given in 6.7.2 apply. 

7.8.3 Diagonal members 

(1) The provisions given in 6.7.3 apply. 

7.8.4 Beams and columns 

(1) The provisions given in 6.7.4 apply. 

7.9 Design and detailing rules for composite eccentrically braced frames 

7.9.1 Specific criteria 

(l)P Conlposite franles with eccentric bracings shall be designed so that the 
dissipative action will occur essentially through yielding in bending or shear of the 

links. All other nlenlbers shall relnain elastic and failure of connections shall be 
prevented. 

(2)P Colun1ns, bean1s and braces shall be either structural steel or con1posite. 

(3)P The braces, colun1ns and bean1 segnlents outside the link segnlents shall be 
designed to remain elastic under the n1axil11un1 forces that can be generated by the fully 
yielded and cyclically strain-hardened bean1 link. 

(4)P 6.8.1(2)P applies. 

7.9.2 Analysis 

(l)P The analysis of the structure is based on the section properties defined in 7.4.2. 

(2) In bean1s, two different flexural stiffnesses are taken into account: Ell for the 
part of the spans submitted to positive (sagging) bending (uncracked section) and Eh 
for the part of the span subnlitted to negative (hogging) bending (cracked section). 

7.9.3 Links 

(l)P Links shall be 111ade of steel sections, possibly composite with slabs. They may 
not be encased. 

(2) The rules on seislnic links and their stiffeners given in 6.8.2 apply. Links should 
be of short or inte1111ediate length with a maxin1un1 length e: 

- In structures where two plastic hinges would forn1 at link ends 

e = 2Mp, link/ Vp, link. (7.16) 
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- In structures where one plastic hinge would fonn at one end of a link 

link (7.17) 

The definitions of Mp.link and are given in 6.8.2(3). For l\4p.link, only the steel 
cOlnponents of the link section, disregarding the concrete slab, are taken into account in 
the evaluation. 

(3) When the seisnlic link franles into a reinforced concrete column or an encased 
colunln, face bearing plates should be provided on both sides of the link at the face of 
the colun1n and in the end section of the link. These bearing plates should conform to 
7.5.4. 

(4) The design of beam/colunln connections adjacent to dissipative links should 
confornl to 7.5.4. 

(5) Connections should nleet the requirel11ents of the connections of eccentrically 
braced stee1 franles as in 6.8.4. 

7.9.4 Members not containing seismic links 

(1) The nlenlbers not containing seisnlic links should conform to the rules in 6.8.3, 
taking into account the cOlnbined resistance of steel and concrete in the case of 
conlposite elenlents and the relevant rules for mel11bers in 7.6 and in EN 1994-1-1 :2004. 

(2) Where a link is adjacent to a fully encased composite column, transverse 
reinforcenlent nleeting the requirenlents of 7.6.4 should be provided above and below 
the link connection. 

(3) In case of a composite brace under tension, only the cross-section of the 
structural steel section should be taken into account in the evaluation of the resistance of 
the brace. 

7.10 Design and detailing rules for structural systems made of reinforced concrete 
shear 'walls composite with structural steel elenlents 

7.10.1 Specific criteria 

(l)P The provisions in this subclause apply to composite structural systems belonging 
in one of the three types defined in 7.3.le. 

(2)P Structural systeln types 1 and 2 shall be designed to behave as shear walls and 
dissipate energy in the vertical steel sections and in the vertical reinforcement. The 
infills sha11 be tied to the boundary elenlents to prevent separation. 

(3)P In structural systeln type 1, the storey shear forces shall be carried by horizontal 
shear In the wall and in the interface between the wall and beanlS. 

(4)P Structural systenl type 3 shall be designed to dissipate energy in the shear walls 
and in the coupling beams. 

183 



BS EN 1998-1 :2004 
EN 1998-1 :2004 (E) 

Key 

f------
: 

B 

A bars we1ded to cohllnn; 
B transverse reinforcelnent 
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A 

Figure 7.9a: Details of partially encased composite boundary elements (details of 
transverse reinforcements are for ductility class DCH). 

Key 

C = shear connectors; 

0= cross tie 
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Figure 7 .9b: Details of fully encased composite boundary elements (details of 
transverse reinforcements are for ductility class DCH). 
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c 

Figure 7.10: Details of coupling beam framing into a wall (details are for ductility 
class nCH 

7.10.2 Analysis 

(l)P The analysis of the structure shall be based on the section properties defined in 
Section 5 for concrete walls and in 7.4.2 for conlposite beanls. 

(2)P In structural systenls of type I or type 2, when vertical fully encased or partially 
encased structural steel sections act as boundary nlenlbers of reinforced concrete infill 
panels, the analysis shal1 be made assunling that the SeiS111ic action effects in these 
vertical boundary elenlents are axial forces only. 

(3) These axial forces should be detellnined assuming that the shear forces are 
carried by the reinforced concrete wall and that the entire gravity and overturning forces 
are carried by the shear wall acting composedly with the vertical boundary nlenlbers. 

(4) In structural systenl of type 3, if conlposite coupling beanls are used, 7.7.2(2) 
and (3) apply. 

7.10.3 Detailing rules for composite walls of ductility class nCrVI 

(l)P The reinforced concrete infill panels in Type 1 and the reinforced concrete walls 
in Types 2 and 3 shall ll1eet the requirements of Section 5 for ductile walls of DCM. 

(2)P Partially encased steel sections used as boundary nlembers of reinforced 
concrete panels shall belong to a class of cross-section related to the behaviour factor of 
the structure as indicated in Table 7.3. 
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(3)P Fully encased structural steel sections used as boundary nlenlbers in reinforced 
concrete panels shall be designed in accordance with 7.6.4. 

(4)P Partially encased structural steel sections used as boundary nlen1bers of 
reinforced concrete panels shall be designed in accordance with 7.6.5. 

(5) Headed shear studs or tie reinforcen1ent (welded to, anchored through holes in 
the steel n1eJ11bers or anchored around the steel n1elnber) should be provided to transfer 
vertical and horizontal shear forces between the structural steel of the boundary 
elenlents and the reinforced concrete. 

7.10.4 Detailing rules for coupling beams of ductility class DC]\tt 

(l)P Coupling beams shall have an enlbednlent length into the reinforced concrete 
wall sufficient to resist the n10st adverse conlbination of mOlllent and shear generated by 
the bending and shear strength of the coupling bealll. The enlbednlent length Ie sha11 be 
taken to begin inside the first layer of the confining reinforcen1ent in the wall boundary 
Inen1ber (see Figure 7.10). The en1bedlnent length Ie shall be not less than 1,5 til11es the 
height of the coupling beanl 

(2)P The design of beam/wall connections shall conforn1 to 7.5.4. 

(3) The vertical wall reinforcen1ents, defined in 7.5.4(9) and (10) with design axial 
strength equal to the shear strength of the coupling beam, should be placed over the 
embedn1ent length of the beanl with two-thirds of the steel located over the first half of 
the enlbednlent length. This wall reinforcement should extend a distance of at least one 
anchorage length above and below the flanges of the coupling bean1. It is pernlitted to 
use vertical reinforcenlent placed for other purposes, such as for vertical boundary 
111enlbers, as part of the required vertical reinforcement. Transverse reinforcenlent 
should cOnfOr111 to 7.6. 

7.10.5 Additional detailing rules for ductility class DCH. 

(l)P Transverse reinforcen1ent for confinenlent of the composite boundary members, 
either partially or fully encased, shall be used. Reinforcen1ent shall extend to a distance 
of 2h into the concrete walls where h is the depth of the boundary elenlent in the plane 
of the wall (see Figure 7.9a) and b)). 

(2)P The requirenlents for the links in fran1es with eccentric bracings apply to the 
coupling beanls. 

7.11 Design and detailing rules for conlposite steel plate shear walls 

7.11.1 Specific criteria 

(l)P C0111posite steel plate shear wans shall be designed to yield through shear of the 
steel plate. 

(2) The steel plate should be stiffened by one or two sided concrete encasen1ent and 
attachlnent to the reinforced concrete encasernent in order ~to prevent buckling of the 
steel plate. @11 
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(I) The analysis of the structure should be based on the ll1aterials and section 
properties defined in 7.4.2 and 7.6. 

7.11.3 Detailing rules 

(1 )P It shall be checked that 

(7.18) 

with the shear resistance given by: 

X f~'d / (7.19) 

where 

is the design yield strength of the plate; and 

ApI is the horizontal area of the plate. 

(2)P The connections between the plate and the boundary n1en1bers (colun1ns and 
bealTIs), as wel1 as the connections between the plate and the concrete encasement, shall 
be designed such that full yield strength of the plate can be developed. 

(3)P The steel plate shall be continuously connected on all edges to structural steel 
fraIning and boundary ll1en1bers with welds and/or bolts to develop the yield strength of 
the plate in shear. 

(4)P The boundary men1bers shall be designed to n1eet the requirelnents of7.1 O. 

(5) The concrete thickness should be not less than 200 n1n1 when it is provided on 
one side and 100 mn1 on each side when provided on both sides. 

(6) The n1ininlU111 reinforcenlent ratio in both directions shall be not less than 
0,25%. 

(7) Openings in the steel plate shall be stiffened as required by analysis. 

7.12 Control of design and construction 

(1) For the control of design and construction, 6.11 applies. 
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8 SPECIFIC RULES FOR TIMBER BUILDINGS 

8.1 General 

8.1.1 Scope 

(1)P For the design of titnber buildings EN 1995 applies. The following rules are 
additional to those given in EN 1995. 

8.1.2 Definitions 

(l)P The following terms are used in this section with the following nleanings: 

static ductility 
ratio between the ultinlate defornlation and the deformation at the end of elastic 
behaviour evaluated in quasi-static cyclic tests (see 8.3(3)P); 

semi-rigid joints 
joints with significant flexibility, the influence of which has to be taken into account in 
structural analysis in accordance with EN 1995 (e.g. dowel-type joints); 

rigid joints 
joints with negligible flexibility in accordance with EN 1995 (e.g. glued solid tilnber 
joints ); 

Dowel-type joints 
joints with dowel-type mechanical fasteners (nails, staples, screws, dowels, bolts etc.) 
loaded perpendicular to their axis; 

Carpenter joints 
joints, where loads are transferred by nleans of pressure areas and without nlechanical 
fasteners (e.g. skew notch, tenon, half joint). 

8.1.3 Design concepts 

(I)P Earthquake-resistant tilnber buildings shall be designed in accordance with one 
of the following concepts: 

a) dissipative structural behaviour; 

b) low-dissipative structural behaviour. 

(2) In concept a) the capability of parts of the structure (dissipative zones) to resist 
earthquake actions out of their elastic range is taken into account. When using the 
design spectrunl defined in 3.2.2.5, the behaviour factor q tnay be taken as being greater 
than 1,5. The value of q depends on the ductility class (see 8.3). 

(3)P Structures designed in accordance with concept a) shall belong to structural 
ductility classes M or H. A structure belonging to a given ductility class shall lneet 
specific requirenlents in one or nl0re of the following aspects: structural type, type and 
rotational ductility capacity of connections. 
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(4)P Dissipative zones shall be located in joints and connections, whereas the tin1ber 
n1embers thelnselves shall be regarded as behaving elastically. 

(5) The properties of dissipative zones should be detern1ined by tests either on 
single joints, on whole structures or on parts thereof in accordance with prEN 12512. 

(6) [n concept b) the action effects are calculated on the basis of an elastic global 
analysis without taking into account non-linear material behaviour. When using the 
design spectrum defined in 3.2.2.5, the behaviour factor q should not be taken greater 
than 1,5. The resistance of the 111en1bers and connections should be ~calclllated in 
accordance with EN 1995-1-1 :2004@11without any additional requirenlents. This concept 
is tenned ductility class L (low) and is appropriate only for certain structural types (see 
Table 8.1). 

8.2 Materials and properties of dissipative zones 

(l)P The relevant provisions of EN 1995 apply. With respect to the properties of steel 
elen1ents, EN 1993 applies. 

(2)P When using the concept of dissipative structural behaviour, the following 
provisions apply: 

a) only tnaterials and n1echanical fasteners providing appropriate low cycle fatigue 
behaviour nlay be used in joints regarded as dissipative zones; 

b) glued joints shall be considered as non-dissipative zones; 

c) carpenter joints n1ay only be used when they can provide sufficient energy dissipation 
capacity, without presenting risks of brittle failure in shear or tension perpendicular to 
the grain. The decision on their use shall be based on appropriate test results. 

(3) (2)P a) of this subclause is deelned to be satisfied if 8.3(3)P is fulfilled. 

(4) For sheathing-l11aterial in shear walls and diaphraglTIS, (2)P a) is deen1ed to be 
satisfied, if the following conditions are nlet: 

a) particleboard-panels have a density of at least 650 kg/n13; 

b) plywood-sheathing is at least 9 lllm thick; 

c) particleboard - and fibreboard-sheathing are at least 13 111n1 thick. 

(5)P Steellllaterial for connections shall conforn1 to the fo11owing conditions: 

a) all connection elenlents n1ade of steel shall fulfil the relevant requirements in EN 
1993; 

b) The ductility properties of the connections in trusses and between the sheathing 
111aterial and the tin1ber fran1ing in Ductility Class M or H structures (see (8.3)) shall be 
tested for con1pliance with 8.3(3)P by cyclic tests on the relevant c0111binatlon of the 
connected parts and fastener. 
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8.3 Ductility classes and behaviour factors 

(I)P Depending on their ductile behaviour and energy dissipation capacity under 
seismic actions, tin1ber buildings shall be assigned to one of the three ductility classes 
L, M or H as given in Table 8.1, where the cOITesponding upper lin1it values of the 
behaviour factors are also given. 

NOTE Geographical limitations on the use of ductility classes M and H may be found in the 
relevant National Annex. 

TabJe 8.1: Design concept, Structural types and upper limit values of the 
behaviour factors for the three ductility classes. 

Design concept and q Exan1p]es of structures 
ducti lity class 

Low capacity to dissipate 1,5 Cantilevers; BeaITIs; Arches with two or three 
energy - DeL pinned joints; Trusses joined with connectors. 

Mediun1 capacity to 2 Glued wall panels with glued diaphragnls, 
dissipate energy - DCM connected with nails and bolts; Trusses with 

doweled and bolted joints; Mixed structures 
consisting of tinlber franling (resisting the 
horizontal forces) and non-load bearing infill. 

2,5 Hyperstatic portal franles with doweled and 
bolted joints (see 8.1.3(3)P). 

High capacity to dissipate 3 N ailed wall panels with glued diaphragnls, 
energy - DCH connected with nails and bolts; with 

nailed joints. 

4 Hyperstatic portal franles with doweled and 
bolted joints (see 8.1.3(3)P). 

5 Nailed wall panels with nailed diaphragn1s, 
connected with nails and bolts. 

(2) If the building is non-regular in elevation (see 4.2.3.3) q-values listed in 
than q = 1,5 (see Table 8. J should be reduced by 20%, but need not be taken 

4.2.3.1(7) and Table 4.1). 

(3)P In order to ensure that the given values of the behaviour factor nlay be used, the 
dissipative zones shall be able to defornl plastically for at least three fully reversed 
cycles at a static ductility ratio of 4 for ductility class M structures and at a static 
ductllity ratio of 6 for ductility class H structures, \vithout n10re than a 20% reduction of 
their resistance. 

(4) The provisions of (3)P of this subclause and of 8.2(2) a) and 8.2(5) b) 111ay be 
regarded as satisfied in the dissipative zones of all structural types if the following 
provisions are 111et: 
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a) in doweled, bolted and nailed ti111ber-to-timber and steel-to-tin1ber joints, the 
minilTIUn1 thickness of the connected l1lembers is 1 (J·d and the fastener-diameter d does 
not exceed 12 111111; 

b) In shear walls and diaphragnls, the sheathing material is wood-based with a 
111inin1unl thickness of 4d, where the nail dianleter d does not exceed 3,1 mm. 

If the above requirenlents are not met, but the n1inin1um ll1enlber thickness of 8d and 3d 
for case a) and case b), respectively, is assured, reduced upper linlit values for the 
behaviour factor q, as given in Table 8.2, should be used. 

Table 8.2: Structural types and reduced upper limits of behaviour factors 

Structural types I Behaviour factor q 

Hyperstaticportal frames with doweled and bolted joints 2,5 

Nailed wall panels with nailed diaphragtns 4,0 

(5) For structures having different and independent properties in the two horizontal 
directions, the q factors to be used for the calculation of the seismic action effects in 
each main direction should correspond to the properties of the structural system in that 
direction and can be different. 

8.4 Structural analysis 

(l)P In the analysis the slip in the joints of the structure shall be taken into account. 

(2)P An EO-lTIodulus-value for instantaneous loading (100/0 higher than the short term 
one) shall be used. 

(3) Floor diaphragnls nlay be considered as rigid in the structural nlode} without 
further verification, if both of the following conditions are nlet: 

a) the detailing rules for horizontal diaphragnls given in 8.5.3 are applied; 

and 

b) their openings do not significantly affect the overall in-plane rigidity of the floors. 

8.5 Detailing rules 

8.5.1 General 

(l)P The detailing rules given in 8.5.2 and 8.5.3 apply for earthquake-resistant parts 
of structures designed in accordance with the concept of dissipative structural behaviour 
(Ductility classes M and H). 

(2)P Structures with dissipative zones shall be designed so that these zones are 
located ll1ainly in those parts of the structure where yielding or local budd ing or other 
phenomena due to hysteretic behaviour do not affect the overall stability of the 
structure. 
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8.5.2 Detailing rules for connections 

(l )P C0111pression men1bers and their connections (e.g. carpenter joints), which may 
fail due to deformations caused by load reversals, shall be designed in such a way that 
they are prevented from separating and renlain in their original position. 

(2)P Bolts and dowels shall be tightened and tight fitted in the holes. Large bolts and 
dowels (d 16 n1n1) shall not be used in tin1ber-to-tin1ber and stee1-to-tin1ber 
connections, except in con1bination with timber connectors. 

(3) Dowels, sn100th nails and staples should 110t be used without additional 
provision aga111st withdrawal. 

(4) In the case of tension perpendicular to the grain, additional provisions should be 
111et to avoid splitting (e.g. nailed metal or plywood plates). 

8.5.3 Detailing rules for horizontal diaphragms 

(1)P F or horizontal diaphragn1s under seis111ic actions EN 1995-1-1 :2004 applies with 
the following modifications: 

a) the increasing factor 1,2 for resistance of fasteners at sheet edges shall not be used; 

b) when the sheets are staggered, the increasing factor of 1,5 for the nail spacing along 
the discontinuous panel edges shall not be used; 

c) the distri bution of the shear forces in the diaphraglns shall be eva luated by taking into 
account the in-plan position of the lateral load resisting vertical elements. 

(2)P All sheathing edges not meeting 011 fran1ing menlbers shall be supported on and 
connected to transverse blocking placed between the wooden beams. Blocking shall 
also be provided in the horizontal diaphragnls above the lateral load resisting vertical 
elen1ents (e.g. walls). 

(3)P The continuity of bean1s shall be ensured, including the trilnmer joists in areas 
where the diaphragn1 is disturbed by holes. 

(4)P Without inte1111ediate transverse blocking over the full height of the beams, the 
height-to-width ratio (hlb) of the tin1ber bean1s should be less than 4. 

(5)P If ag.S _ 0,2·g the spacing of fasteners in areas of discontinuity shall be reduced 
by 25o/c), but not to less than ~the n1inilnum spacing given in EN 1995-1-1 :2004@il. 

(6)P When floors are considered as rigid in plan for structural analysis, there shall be 
no change of span-direction of the bemns over supports, where horizontal forces are 
transferred to vertical elen1ents (e.g. shear-walls). 

8.6 Safety verifications 

(l)P The strength values of the tilnber lnaterial shall be deten11ined taking into 
account the kmod-values for instantaneous loading in accordance with EN 1995-1-
1 :2004. 
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(2)P For ultil11ate lin1it state verifications of structures designed in accordance with 
the concept of low-dissipative structural behaviour (Ductility class L), the partial factors 
for Inaterial properties for ~fundall1ental10ad cOll1binations frol11 EN 1995-1-1 :2004 

apply@l1. 

(3)P For ultinlate 1in1it state verifications of structures designed in accordance with 
the concept of dissipative structural behaviour (Ductility classes M or H), the partial 

factors for n1aterial properties YM ~ for accidental load combinations from 
EN 1995-1- I :2004 apply 

(4)P In order to ensure the developnlent of cyclic yielding in the dissipative zones, all 
other structurallnelnbers and connections shall be designed with sufficient overstrcngth. 
This overstrength requh'enlent applies especially to: 

anchor-ties and any connections to lnassive sub-elements; 

connections between horizontal diaphragms and lateral load resisting vertical 
elements. 

(5) Carpenter joints do not present risks of brittle failure if the verification of the 
shear stress in accordance with EN 1995 is made with an additional partial factor of I 

8.7 Control of design and construction 

(1)P The provisions given in EN 1995 apply. 

(2)P The fonowing structural elenlents shall be identified on the design drawings and 
specifications for their special control during construction shall be provided: 

anchor-ties and any connections to foundation elenlents; 

- diagonal tension steel trusses used for bracing; 

connections between horizontal diaphragnls and lateral load resisting vertical 
elements; 

connections between sheathing panels and tilnber fratning in horizontal and vertical 
diaphragms. 

(3)P The special construction control shall to the nlaterial properties and the 
accuracy of execution. 

193 



BS EN 1998-1 :2004 
EN 1998-1 :2004 (E) 

9 SPECIFIC RULES FOR MASONRY BUILDINGS 

9.1 Scope 

(l)P This section applies to the design of buildings of unreinforced, confined and 
reinforced masonry in seisnlic regions. 

(2)P For the design of masonry buildings EN 1996 applies. The following rules are 
additional to those given in EN 1996. 

9.2 Materials and bonding patterns 

9.2.1 Types of masonry units 

(I ) Masonry units should have sufficient robustness in order to avoid local brittle 
failure. 

NOTE The National Annex may select the type of masonry units from EN 1996- I :2004, Table 
3.1 that satisfy (I). 

9.2.2 Minimum strength of masonry units 

(I) Except in cases of low seisnlicity, the DOlTIlalised conlpressive strength of 
ll1asonry units, derived in accordance with EN 772-1, should be not less than the 
nlininlunl values as follows: 

norll1al to the bed face: 

paral1el to the bed face in the plane of the wa11: ./bh,min' 

NOTE The values ascribed to ,/b.mill and ./b.ll1ill for use in a country may be found in its National 
Annex of this document. The recommended values are Jl).Illill = 5 N/mm2fL~h.mill = 2 N/mm2

• 

9.2.3 Mortar 

(l) A lnininlunl strength is required for n10l"tar, f:ll,lllin, which generally exceeds the 
nlinimun1 specified in EN 1996. 

NOTE The value ascribed to fm.mill for use in a country may be found in its National Annex of 
this document. The recommended value is Ill.mill = 5 N/mm

2 for unreinforced or confined 
masonry andfi;l.lllill = 10 N/mm

2 for reinforced masonry. 

9.2.4 Masonry bond 

(1) There are three alternative classes of perpend joints: 

a) joints fully grouted with 1110rtar; 

b) ungrouted joints; 

c) ungrouted joints with mechanical interlocking between masonry units. 
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(I) Depending on the ll1asonry type used for the seismic resistant elel11ents~ 111aSonry 
buildings should be assigned to one of the following types of construction: 

a) unrein forced n1asonry construction; 

b) confined Inasonry construction; 

c) reinforced n1asonry construction; 

NOTE 1 Construction with masonry systems which provide an enhanced ductility of the 
structure is also included Note 2 to Table 9.1). 

NOTE 2 Frames with infil1masonry are not covered in this section. 

(2) Due to its low tensile strength and low ductility, unreinforced n1asonry that 
follows the provisions of EN 1996 alone is considered to offer low-dissipation capacity 
(DeL) and its use should be lin1ited, provided that the effective thickness of walls, fer, is 
not less than a lninimuln value, tcf,min. 

NOTE 1 The conditions under which unreinforced masonry that follows the provisions of EN 
1996 alone may be used in a country, may be found in its National Annex to this document. Such 
use is recommended only in low seismicity cases (see 3.2.1(4») 

NOTE 2 The value ascribed to tcf,min for use in a country of unreinforced masonry that follows 
the provisions of EN 1996 alone, may be found in its National Annex of this document. The 
recommended values of tef'lllin are those in the column, and rows of Table 9.2. 

(3) For the reasons noted in (2) of this subclause, unreinforced nlasonry satisfying 
the provisions of the present Eurocode may not be used if the value of Clg.S, exceeds a 
certain lin1it, 

NOTE The value ascribed to G g . urm for use in a country may be found in its National Annex of 
this document. This value should not be less than tbat corresponding to the threshold for the low 
seismicity cases. The value ascribed to Gg.urm should be consistent with the values adopted for the 
minimum strength of masonry units, - .fbh.ll1in and of mortar, In.l11in. For the values 
recommended in the Notes to 9.2.2 and 9.2.3, the recommended value of G g,\llill is 0.20 g. 

(4) For types a) to c) the ranges of pernlissible values of the upper lin1it value of the 
behaviour factor q are given in Table 9.1. 
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Table 9.1: Types of construction and upper limit of the behaviour factor 

Type of construction Behaviour factor q 

Unrein forced nlasonry in accordance with EN 1,5 
1996 alone (reconlnlended only for low seislTIicity 
cases ). 

Unreinforced masonry in accordance with EN 1,5 - 2,5 
1998-1 

Confined nlasonry 2,0 - 3,0 

Reinforced nlasonry 2,5 - 3,0 

NOTE] The upper limit values ascribed to q for use in a country (within the ranges of Table 
9.1) may be found in its National Annex. The recommended values are the lower limits of the 
ranges in Table 9.1. 

NOTE 2 For buildings constructed with masonry systems which provide an enhanced ductility of 
the structure, specific values of the behaviour factor q may be Llsed, provided that the system and 
the related values for q are verified experimentally. The values ascribed to q for use in a country 
for such buildings may be found ~ in its National Annex of this doclll11ent@j]. 

(5) If the building is non-regular in elevation (see 4.2.3.3) the q-values listed in 
Table 9.1 should be reduced by 200/0, but need not be taken less than q = 1,5 (see 
4.2.3.1(7) and TabJe 4.1) 

9.4 Structural analysis 

(I)P The structural nl0del for the analysis of the building shall represent the stiffness 
properties of the entire systenl. 

(2)P The stiffness of the structural elenlents shall be evaluated taking into account 
both their flexural and shear flexibility and, if relevant, their axial flexibility. Uncracked 
elastic stiffness nlay be used for analysis or, preferably and nlore realistically, cracked 
stiffness in order to account for the influence of cracking on defornlations and to better 
approxilllate the slope of the first branch of a bilinear force-defornlation lTIodel for the 
structural elenlent. 

(3) In the absence of an accurate evaluation of the stiffness properties, substantiated 
by rational analysis, the cracked bending and shear stiffness nlay be taken as one half of 
the gross section un cracked elastic stiffness. 

(4) In the structural nl0del masonry spandrels may be taken into account as coupl ing 
beanls between two wall elenlents if they are regularly bonded to the adjoining walls 
and connected both to the floor tie beanl and to the lintel below. 

(5) If the structural 1110del takes into account the coupling bemTIs, a franle analysis 
nlay be used for the dete1111ination of the action effects in the vertical and horizontal 
structural elenlents. 

(6) The base shear in the various walls, as obtained by the linear anaJysis described 
in Section 4, lTIay be redistributed anlong the walls, provided that: 
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a) the global equllibriull1 is satisfied (i.e. the same total base shear and position of the 
force resultant is achieved); 

b) the shear in any wall is neither reduced more than 25 %, nor increased by 1110re than 
330/0; and 

c) the consequences of the redistribution for the diaphragm(s) are taken into account. 

9.5 Design criteria and construction rules 

9.5. t General 

(I)P Masonry buildings shall be C0111posed of floors and walls, which are connected 
in two orthogonal horizontal directions and in the vertical direction. 

(2)P The connection between the floors and walls shall be provided by steel ties or 
reinforced concrete ring beams. 

(3) Any type of floors 111ay be used, provided that the general requirements of 
continuity and effective diaphragm action are satisfied. 

(4)P Shear wal1s shall be provided in at least two orthogonal directions. 

(5) Shear walls should confonn to certain geOlnetric requirenlents, nanlely: 

a) the effective thickness of shear walls, tef, ll1ay not be less than a 111inimunl value, 
tcf,min; 

b) the ratio hef Itef of the effective wall height (see EN 1996-1-1 :2004) to its effective 
thickess nlay not exceed a 1l1axinlunl value, (her/tef)max; and 

c) the ratio of the length of the wall, I, to the greater clear height, h, of the openings 
adjacent to the walt nlay not be less than a nlininlull1 value, (lIh) min. 

NOTE The values ascribed to tef'll1in, and (lIh)min, for use in a country may be found in 
its National Annex of this document. The recommended values of tc:r,min, (her /tec)Ill~p; and (lIh)min 
are listed in Table 9.2. 
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Table 9.2: Recommended geometric requirements for shear walls 

Confined masonrv 240 15 

Reinforced masonr 240 15 

Symbols used have the following meaning: 

fer thickness oflhe \vall (see EN 1996-1-1:2004); 

hd effective height of the \vall (see EN ] 996-1-1 :2004): 

h greater clear height of the openings adjacent to the wall; 

len th of the wall. 

0.3 

No restriction 

(6) Shear walls not confoll11ing to the InininlU1TI geo111etric requirenle11ts of (5) of 
this subclause ll1ay be considered as secondary seismic elements. They should COnfOllTI 
to 9.5.2(1) and (2). 

9.5.2 Additional requirements for unreinforced masonry satisfying EN 1998-1 

(1) Horizontal concrete beanls or, alte111atively, steel ties should be placed in the 
plane of the wall at every floor level and in any case with a vertical spacing not 1110re 
than 4 111. These beanls or ties should form continuous bounding elements physically 
connected to each other. 

:\lOTE Beams or ties continuous over the entire periphery are essentiaL 

(2) The horizontal concrete bean1s should have longitudinal reinforceiTIent with a 
cross-sectional area of not less than 200 mIn2. 

9.5.3 Additional requirements for confined masonry 

(l)P The horizontal and vertical confining elelTIents shall be bonded together and 
anchored to the elen1ents of the 111ain structural systen1. 

(2)P In order to obtain an effective bond between the confining elelTIents and the 
ll1asonry, the concrete of the confining elenlents shall be cast after the n1asonry has been 
built. 

(3) The cross-sectional dimensions of botb horizontal and vertlcal confining 
elements n1ay not be less than 150 miTI. In double-leaf walls the thickness of confining 
elelnents should assure the connection of the two leaves and their effective confinenlent. 

(4) Vertical confining elen1ents should be placed: 

- at the free edges of each structural \va11 ele111ent; 

at both sides of any wall opening with an area of nlore than 1,5 1112; 
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within the wall if necessary in order not to exceed a spacing of 5 m between the 
confining elelnents; 

at the intersections of structural walls, wherever the confining elenlents inlposed by 
the above rules are at a distance larger than 1,5 m. 

(5) Horizontal confining elenlents shall be placed in the plane of the wall at every 
floor level and in any case with a vertical spacing of not 1110re than 4 m. 

(6) The longitudinal reinforcement of confining elenlents n1ay not have a cross
sectional area less than 300 111m2 nor than 1 % of the cross-sectional area of the 
confining elenlent. 

(7) Stirrups not less than 5 mm in dian1eter and spaced not n10re than 150 n1m 
should be provided around the longitudinal reinforcement. 

(8) Reinforcing steel should be of Class B or C in accordance with 1992-1-
I :2004, Table C.I. 

(9) Lap splices may not be less than 60 bar dimneters in length. 

9.5.4 Additional requirements for reinforced masonry 

(1) Horizontal reinforcenlent should be placed in the bed joints or 111 suitable 
grooves in the units, with a vertical spacing not exceeding 600 n1111. 

(2) Masonry units with recesses should acco1111110date the reinforcelllent needed in 
lintels and parapets. 

(3) Reinforcing steel bars of not than 4 111n1 dian1eter, bent around the vertical 
bars at the edges of the wan, should be used. 

(4) The ll1inimull1 percentage of horizontal reinforcel11ent in the wall, norn1alised 
with respect to the gross area of the section, should not be less than 0,05 0/0. 

(5)P High percentages of horizontal reinforcement leading to cOll1pressive failure of 
the units prior to the yielding of the steel, shall be avoided. 

(6) The vertical reinforcelnent spread in the wall, as a percentage of the gross area 
of the horizontal section of the wall, should not be less than 0,080/0. 

(7) Vertical reinforcen1ent should be located in pockets, cavities or holes 111 the 
units. 

(8) Vertical reinforcen1ents with a cross-sectional area of not less than 200 lTIln2 
should be arranged: 

at both free edges of every wall elelnent; 

at every wall intersection; 

within the wall, in order not to exceed a spac1l1g of 5 111 between such 
reinforCelTIents. 
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(9) 9.5.3(7), (8) and (9) apply. 

(lO)P The parapets and lintels shall be regularly bonded to the nlasonry of the 
adjoining walls and linked to thenl by horizontal reinforcenlent. 

9.6 Safety veri11cation 

(l)P The verification of the building's safety against collapse shall be explicitly 
provided~ except for buildings satisfying the rules for "sinlple nlasonry buildings" given 
in 9.7.2. 

(2)P For the verlflcation of safety against collapse, the design resistance of each 
structural ele111ent shall be evaluated in accordance with EN 1996-1-1 :2004. 

(3) In ultinlate limit state verifications for the seisnlic design situation, partial 

factors fJl1 for nlasonry properties and Ys for reinforcing steel should be used. 

NOTE The values ascribed to the material partial factors lln and y, for use in a country in the 
seismic design situation may be found in its National Annex of this document. The 
recommended value for (In is 2/3 of the valLIe specified in the National Annex to EN 1996-1-
I :2004, but not less than 1,5. The recommended value for is 1,0. 

9.7 Rules for "simple masonry buildings" 

9.7.1 General 

(1) Buildings belonging to inlportance classes I or II and confonning to 9.2, 9.5 
and 9.7.2 may be classified as "sin1ple Inasonry buildings". 

(2) For such buildings an explicit safety verification in accordance with 9.6 is not 
111andatory. 

9.7.2 Rules 

(1) Depending on the product at the site and the type of construction, the 
allowable nUll1ber of storeys above ground, 11, should be lin1ited and walls in two 
orthogonal directions with a Ininimunl total cross-sectional area in each direction, 
should be provided. The l111nilTIUn1 cross-sectional area is expressed as a ll1inimunl 
percen tage, pA,min, of the total floor area per storey. 
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NOTE The values ascribed to nand pA.min for use in a country may by found in its National 
Annex of this document. Recommended values are in Table 9.3. These which 
depend also on a corrective factor k, are based on a minimum unit strength of 12 N/mm2 for 
unreinforced masonry and 5 N/mm 2 for confined and reinforced masonry, respectively. 
For buildings where at least 70% of the shear walls under consideration are longer than the 
factor k is given by k = 1 + (lal' 2 where 1m is the average length, expressed in 111, of the 
shear walls considered. For other cases k 1. 
Independently of the value of k, the limitation of use of unreinforced masonry presented in 9.3(3) 
should be respected. 
A further distinction for different unit types of construction and LIse of k may be found 
in the National Annex. 
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Table 9.3: Recommended allowable number of storeys above ground and minimum area of shear 
walls for "simple masonry buildingstl. 

Acceleration at site Og.s 0.10 k .g ~ 0.20 k·g 

Type of 
construction 

Number of Minimum sum of cross-sections areas of horizontal shear walls in 

Unreinforced 
I masonry 

Contined 
masonry 

Reinforced 
masonry 

4 

2 
3 
4 
5 

2 
3 
4 
5 

* nla means "not acceptable". 

2,0% 
2,5% 
5,0% 

5,0 % I1/a* 

2,0% 
3,0%) 

4,0% 5,0% 
6,0%) n/a 

2,0% 
2,0% 
3,0% 4,0% 
4,0% 

** Roof space above full storeys is not included in the number of storeys. 

nia 
nfa n/a 
n/a n/a 

3,0~~) 

n/a 
n/a n/a 
nla n/a 

2,0% 
3,0% 5,0% 

nla 
n/a n/a 

(2) The plan configuration of the building should fulfil all the following conditions: 

a) The plan should be approxiu1ately rectangular; 

b) The ratio between the length of the s111alI side and the length of the long side in plan 
should be not less than a n1inimul11 value, Amin; 

NOTE The value to be ascribed to for lise in a country may be found in its National Annex 
of this document. The recommended value of }omin is 0,25. 

c) The area of projections of recesses frol11 the rectangular shape should be not greater 
than a percentage Pm3X of the total Hoor area above the level considered. 

NOTE The value to be ascribed to P111rlX for lise in a country may be found~in its National Annex 
of this document. The recommended@] value is 15%. 

(3) The shear walls of the building should fulfil all of the following conditions: 

a) the building should be stiffened by shear walls, arranged alnl0st sYlll111etrically 1L1 

plan in two orthogonal directions; 

b) a n1inin1UlTI of two parallel walls should be placed in two orthogonal directions, the 
length of each wall being greater than 30 % of the length of the building in the direction 
of the wall under consideration; 

c) at least for the walls in one direction, the distance between these walls should be 
greater than 75 % of the length of the bui1ding in the other direction; 

d) at least 75 % of the vertical loads should be supported by the shear walls; 

e) shear walls should be continuous from the top to the botton1 of the building. 
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(4) In cases of low seismicity (see 3.2.1(4)) the wall length required in (3)b of this 
subclause may be provided by the cumulative length of the shear wal1s 9.5.1 (5)) in 
one axis, separated by openings. In this case, at least one shear wal1 in each direction 
should have a length, IJ not less than that corresponding to twice the nlininlunl value of 
Ilh defined in 9.5.1 (5)c. 

(5) In both orthogonal horizontal directions the difference in ll1ass and in the 
horizontal shear wall cross-sectional area between adjacent storeys should be li111ited to 
a maximunl value of and LlA,max. 

NOTE The values to be ascribed to Lll11JlloX and to for use in a 
National Annex to this document. The recommended values are Llm,max 

(6) For unreinforced nlasonry buildings, walls in one direction should connected 
\vith walls in the orthogonal direction at a maxinlum spacing of 7 m. 

202 



10 BASE ISOLATION 

10.1 Scope 

BS EN 1998-1 :2004 
EN 1998-1 :2004 (E) 

(l)P This section covers the design of seisnlically isolated structures in which the 
isolation systen1, located below the Inain 111ass of the structure, ainls at reducing the 
seisnlic response of the lateral-force resisting systeln. 

(2) The reduction of the seis111ic response of the lateral-force resisting system may 
be obtained by increasing the fundanlental period of the seismically isolated structure, 
by nl0difying the shape of the fundalnental 1110de and by increasing the dmnping, or by 
a conlbination of these effects. The isolation systenl may consist of linear or non-linear 
springs and/or danlpers. 

(3) Specific rules concerning base isolation of buildings are given in this section. 

(4) This section does not cover passive energy dissipation systell1s that are not 
alTanged on a single interface, but are distributed over several storeys or levels of the 
structure. 

10.2 Definitions 

(l)P The following ternlS are used in this section with the following ll1eanings: 

isolation system 
collection of cOll1ponents used for providing seislnic isolation, which are arranged over 
the isolation interface 

NOTE These are usually located below the main mass of the structure. 

isolation interface 
surface which separates the substructure and the superstructure and where the isolation 
systenl is located. 

NOTE Arrangement of the isolation interface at the base of the structure is usual in buildings, 
tanks and silos. In bridges the isolation system is usually combined with the bearings and the 
isolation interface lies between the deck and the piers or abutments. 

isolator units 
elements constituting the isolation system. 
The devices considered in this section consist of latninated elastonleric bearings, elasto
plastic devices, viscous or friction danlpers, pendulunls, and other devices the behaviour 
of which confo1'n1s to 10.1(2). Each unit provides a single or a cOlnbination of the 
following functions: 

vertical-load canying capability c0111bined with increased lateral flexibility and high 
vertical rigidity; 

energy dissipation, hysteretic or viscous; 

recentering capability; 

lateral restraint (sufficient elastic stiffness) under non-seisll1ic service lateral loads. 
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Substructure 
part of the structure which is located under the isolation interface, including the 
foundation 

NOTE The lateral flexibility of the 
of the isolation system, but this is not 

Superstructure 

is generally negligible in {'n,'nn.""'C'f\1"'1 to that 
the case (for instance in bridges), 

part of the structure which is isolated and is located above the isolation interface 

Fu II isolation 
the superstructure is fully isolated if, in the design seismic situation, it renlains within 
the elastic range. Othenvise, the superstructure is partially isolated. 

Effective stiffness centre 
stiffness centre calculated at the upper face of the isolation interface, i.e. including the 
flexibility of the isolator units and of the substructure(s). 

NOTE In buildings, tanks and similar structures, the tlexibility of the substructure may be 
neglected in the determination of this point, which then coincides with the stitTness centre of the 
isolator units, 

Design displacement (of the isolation system in a principal direction) 
Inaxinlunl horizontal displacelnent at the effective stiffness centre between the top of 
the substructure and the bottonl of the superstructure, occurring under the design 
seisnlic action 

Total design displacement (of an isolator unit in a principal direction) 
maxinlull1 horizontal displacenlent at the location of the unit, including that due to the 
design displacenlent and to the global rotation due to torsion about the vertical axis 

Effective stiffness (of the isolation system in a principal direction) 
ratio of the value of the total horizontal force transferred through the isolation interface 
when the design displacenlent place in the same direction, divided by the absolute 
value of that design displacenlent (secant stiffness). 

NOTE The effective stiffness is obtained by iterative dynamic 

Effective Period 
fundmnental period, in the direction considered, of a single degree of freedOlTI systelTI 
having the ll1ass of the superstructure and stiffness equal to the effective stiffness of the 
isolation syste111; 

Effective damping (of the isolation system in a principal direction) 
value of the effective viscous damping that conesponds to the dissipated by the 
isolation systenl during cyclic response at the design displacenlent. 

1 0.3 Fundamental requirements 

(l)P The fundamental requirenlents in 2.1 and in the relevant Parts of this Eurocode, 
according to the type of structure considered, sha1l be satisfied. 
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(2)P Increased reliability is required for the isolating devices. This shall be effected 
by applying a 111agnification factor y,\ on SeiSJ11ic displacements of each unit. 

NOTE The value 10 be ascribed to /, for lise in a country may be found in its National Annex of 
lhis document, depending on the type of isolating device used. for buildings the recommended 
value is /' = 1 

10.4 Compliance criteria 

(l)P In order to conforn1 to the fundamental requireJ11ents, the 11111it states defined in 
2.2.1 (1) shall be checked. 

(2)P At the danlage linlitation state, all lifelines crossing the joints around the isolated 
structure shall rel11ain within the elastic range. 

(3) In buildings, at the dalnage linlitation state, the interstorey drift should be 
lill1ited in the substructure and the superstructure in accordance with 4.4.3.2. 

(4)P At the ultinlate linlit state, the ultil11ate capacity of the isolating devices in terms 
of strength and defornlability shall not be exceeded, with the relevant safety factors (see 
10.10(6)P). 

(5) Only full isolation is considered in the present section. 

(6) Although it nlay be acceptable that, in certain cases, the substructure has 
inelastic behaviour, it is considered in the present section that it renlains in the elastic 
range. 

(7) At the Ultilnate lil11it state, the isolating devices may attain their ultinlate 
capacity, while the superstructure and the substructure rel11ain in the elastic range. Then 
there is no need for capacity design and ductile detailing in either the superstructure or 
the substructure. 

(8)P At the Ultinlate 111111t state, gas lines and other hazardous lifelines crossing the 
joints separating the superstructure fronl the sUlTounding ground or constructions shall 
be designed to acconlnl0date safely the relative displacen1ent between the isolated 
superstructure and the sUITounding ground or constructions, taking into account the Yv.. 
factor defined in lO.3(2)P. 

10.5 General design provisions 

10.5.1 General provisions concerning the devices 

(1)P Sufficient space between the superstructure and substructure shall be provided, 
together with other necessary arrangell1ents, to allow inspection, n1aintenance and 
replacement of the devices during the lifetime of the structure. 

(2) If necessary, the devices should be protected froll1 potential hazardous effects, 
such as fire, and chenlical or biological attack. 

(3) Materials used in the design and construction of the devices should conforn1 to 
the relevant existing nOrJl1S. 
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10.5.2 Control of undesirable movements 

(1) To nlinimise torsional effects, the effective stiffness centre and the centre of 
damping of the isolation syste111 should be as close as possible to the projection of the 
centre of ll1ass on the isolation interface. 

(2) To 111inimise different behaviour of isolating devices, the c0111pressive stress 
induced in thenl by the pernlanent actions should be as unifonn as possible. 

(3)P Devices shall be fixed to the superstructure and the substructure. 

(4)P The isolation system shall be designed so that shocks and potentia] torsional 
nlovel11ents are controlled by appropriate nleasures. 

(5) Requirement (4)P concerning shocks is deenled to be satisfied if potential shock 
effects are avoided through appropriate devices (e.g. dmnpers, shock-absorbers, etc.). 

10.5.3 Control of differential seismic ground motions 

(]) The structural elenlents located above and below the isolation interface should 
be sufficiently rigid in both horizontal and vertical directions, so that the effects of 
differential seislnic ground disp]acenlents are lnininlised. This does not apply to bridges 
or elevated structures, where the piles and piers located under the isolation interface 
nlay be defornlable. 

(2) In buildings, (1) is considered satisfied if all the conditions stated below are 
satisfied: 

a) A rigid diaphragm is provided above and under the isolation system, consisting 
of a reinforced concrete slab or a grid of tie-bemns, designed taking into account all 
relevant local and global nl0des of buckling. This rigid diaphragln is not necessary if the 
structures consist of rigid boxed structures; 

b) The devices constituting the isolation systenl are fixed at both ends to the rigid 
diaphragnls defined above, either directly or, if not practicable, by nleans of vertical 
elenlents, the relative horizontal displacenlent of which in the seismic design situation 
should be lower than 1/20 of the relative displacen1ent of the isolation system. 

10.5.4 Control of displacenlents relative to surrounding ground and constructions 

(l)P Sufficient space shall be provided between the isolated superstructure and the 
surrounding ground or constructions, to allow its displacenlent in all directions in the 
seisn1ic design situation. 

10.5.5 Conceptual design of base isolated buildings 

(1) The principles of conceptual design for base isolated buildings should be based 
on those in Section 2 and in 4.2, with additional provisions given in this section. 
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(l)P The two horizontal and the vertical cotnponents of the SeiS111ic action shal I be 
assumed to act sinlultaneously. 

(2) Each C0111pOnent of the seislnic action is defined in 3.2, in ternlS of the elastic 
spectrunl for the applicable local ground conditions and design ground acceleration ago 

(3) In buildings of inlportance class IV, site-specific spectra including near source 
effects should also be taken into account, if the building is located at a distance less than 
15 Ion fron1 the nearest potentially active fault with a 111agnitude 2 6,5. Such spectra 
should not be taken as being less than the standard spectra defined in (2) of this 
subclause. 

(4) In buildings, conlbinations of the components of the seismic action are given ill 
4.3.3.5. 

(5) If ti1ne-history analyses are required, a set of at least three ground n10tio11 
records shou1d be used and should conforn1 to the requirelnents of 3.2.3.1 and 3.2.3.2. 

10.7 Behaviour factor 

(1)P Except as provided in 10.1 0(5), the value of the behaviour factor shall be taken 
as being equal to q = 1. 

10.8 Properties of the isolation system 

(l)P Values of physical and Inechanical properties of the isolation systen1 to be llsed 
in the analysis shall be the 1nost unfavourable ones to be attained during the lifetinle of 
the structure. They shall reflect, where relevant, the influence of: 

rate of loading; 

- magnitude of the silnultaneous vertical load; 

- ll1agnitude of sin1ultaneous horizontal load in the transverse direction; 

- ten1perature; 

- change of properties over projected service life. 

(2) Accelerations and inertia forces induced by the earthquake should be evaluated 
taking into account the nlaxilnull1 value of the stiffness and the n1ininlU111 value of 
damping and fi-iction coefficients. 

(3) Displacen1ents should be evaluated taking into account the n1inin1u111 value of 
stiffness, dan1ping and friction coefficients. 

(4) In buildings of ilnportance classes I or II, ll1ean values of physical and 
mechanical properties t11ay be used, provided that extrelne (lnaxin1ull1 or n1inilTIUnl) 
values do not differ by n10re than 15% fr0111 the ll1ean values. 
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10.9 Structural analysis 

10.9.1 General 

(1)P The dynanlic response of the structural system shall be analysed in terms of 
accelerations, inertia forces and displacenlents. 

(2)P buildings, torsional effects, including the effects of the accidental eccentricity 
defined in 4.3.2, shall be taken into account. 

(3) Modelling of the isolation systetTI should ref1ect with a sufficient accuracy the 
spatial distribution of the isolator units, so that the translation in both horizontal 
directions, the corresponding overturning and the rotation about the vertical axis 
are adequately accounted for. It should reflect adequately the characteristics of the 
different types of units used in the isolation systenl. 

10.9.2 Equivalent linear analysis 

(1) Subject to the conditions in (5) of this subclause, the isolation systenl nlay be 
1110delled with equivalent linear visco-elastic behaviour, if it consists of devices such as 
lanlinated elasto111eric bearings, or with bilinear behaviour if the systenl 
consists of elasto-plastic types of devices. 

(2) If an equivalent linear model is used, the effective stiffness of each isolator unit 
(i.e. the secant value of the stiffness at the total design displacement ddb) should be used, 
\vhile respecting 10.8(1)P. The effective stiffness Keff of the isolation system is the sunl 
of the effective of the isolator units. 

(3) If an equivalent linear nlodel is used, the energy dissipation of the isolation 
syste111 should be expressed in ternlS of an equivalent viscous dmnping, as the "effective 
damping" (~eff). The energy dissipation in bearings should be expressed fronl the 
measured energy dissipated in cycles with frequency in the the natural 
frequencies of the nlodes considered. For higher nlodes outside this range, the lTIodal 
danlping ratio of the c0111plete structure should be that of a fixed base superstructure. 

(4) When the effective stiffness or the effective dmnping of certain isolator units 
depend on the design displacen1ent an iterative procedure should be applied, until 
the difference between assunled and calculated values of ddc does not exceed 5% of the 
assu111ed value. 

(5) The behaviour of the isolation syste111 111ay be considered as being equivalent to 
linear if all the following conditions are met: 

a) the effective stiffness of the isolation systenl, as defined in (2) of this subclause, is 
not less than 50% of the effective stiffness at a displacenlent of 0,2ddc ; 

b) the effective damping ratio of the isolation systenl, as defined in (3) of this subclause, 
does not exceed 300/0; 

c) the force-displacetTIent characteristics of the isolation systenl do not vary by more 
thatl 10% due to the rate of loading or due to the vertical loads; 
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d) the increase of the restoring force in the isolation systenl for displacenlents between 
0,5ddc and ddc is not less than 2,5% of the total gravity load above the isolation system. 

(6) If the behaviour of the isolation systenl is considered as equivalent linear and the 
seismic action is defined through the elastic spectrull1 as per t 0.6(2), a danlping 
correction should be perfonned in accordance with 3.2.2.2(3). 

10.9.3 Sinlplified linear analysis 

(l) The sill1plified linear analysis nlethod considers two horizontal dynanlic 
translations and superinlposes static torsional effects. It assunles that the superstructure 
is a rigid solid translating above the isolation system, subject to the conditions of (2) 
and (3) of this subclause. Then the effective period for translation is: 

(10.1) 

where 

1\1 is the nlass of the superstructure; 

Keff is the effective horizontal stiffness of the isolation systenl as defined m 
10.9.2(2). 

(2) The torsional nlovement about the vertical axis nlay be neglected in the 
evaluation of the effective horizontal stiffness and in the sinlplified linear analysis if~ in 
each of the two principal horizontal directions, the total eccentricity (including the 
accidental eccentricity) between the stiffness centre of the isolation systenl and the 
vertical projection of the centre of mass of the superstructure does not exceed 7,5%) of 
the length of the superstructure transverse to the horizontal direction considered. This is 
a condition for the application of the sinlplified linear analysis 111ethod. 

(3) The simplified method nlay be applied to isolation systen1s with equivalent 
linear damped behaviour if they also conforn1 to all of the fonowing conditions: 

a) the distance fron1 the site to the nearest potentially active fault with a magnitudekls :2 
6,5 is greater than 15 kn1; 

b) the largest din1ension of the superstructure in plan is not greater than 50 111; 

c) the substructure is sufficiently rigid to minilnise the effects of differential 
displacements of the ground; 

d) all devices are located above elelnents of the substructure which support vertical 
loads; 

e) the effective period Tefl satisfies the following condition: 

(10.2) 

where Tf is the fundanlental period of the superstructure assu111mg a fixed base 
(estinlated through a simplified expression). 
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(4) In buildings, in addition to (3) of this subclause, al] of the following conditions 
should be satisfied for the sin1plified method to be applied to isolation systen1s with 
equivalent linear damped behaviour: 

a) the lateral-load resisting system of the superstructure should be regularly and 
syn1n1etrically arranged along the two Inain axes of the structure in plan; 

b) the rocking rotation at the base of the substructure should be negligible; 

c) the ratio between the vertical and the horizontal stiffness of the isolation systen1 
should satisfy the following expression: 

Ky 2':150 
KclT 

(10.3) 

d) the fundan1ental period in the vertical direction, Tv, should be not longer than 0,1 s, 
where: 

(10A) 

(5) The displacen1ent of the stiffness centre due to the seisn1ic action should be 
calculated in each horizontal direction, from the following expression: 

(10.5) 

where Sc(Tcrr, ~cn) is the spectral acceleration defined in 3.2.2.2, taking into account the 
appropriate value of effective damping ¢"c1T in accordance with 10.9.2(3). 

(6) The horizontal forces applied at each level of the superstructure should be 
calculated, in each horizontal direction through the following expression: 

(10.6) 

where I11j is the n1ass at levelj 

(7) The systen1 of forces considered in (6) induces torsional effects due to the 
con1bined natural and accidental eccentricities. 

(8) If the condition in (2) of this subclause for neglecting torsional n10ven1ent about 
the vertical axis is satisfied, the torsional effects in the individual isolator units may be 
accounted for by an1plifying in each direction the action effects defined in (5) and (6) 
with a factor (>t given (for the action in the x direction) by: 

e 
r5 =l+~\i' xi 2 • I (10.7) 

Iy 

where 
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y is the horizontal direction transverse to the direction x under consideration; 

(Xi,Yi) are the co-ordinates of the isolator unit i relative to the effective stiffness centre; 

etot,y is the total eccentricity in the y direction; 

is the torsional radius of the isolation systenl in the y direction, as given by the 
following expression: 

2 (2 2) 
ry = 'L Xi Kyi + Yi Kxi I'LKxi (lO.8) 

Kxi and Kyi being the effective stiffness of a given unit i in the x and y directions, 
respectively. 

(9) Torsional effects in the superstructure should be estinlated in accordance with 
4.3.3.2.4. 

10.9.4 Modal simplified linear analysis 

(1) If the behaviour of the devices 111ay be considered as equivalent linear but any 
one of the conditions of 10.9.3(2), (3) or if applicable - (4) is not met, a modal 
analysis may be perfornled in accordance with 4.3.3.3. 

(2) If all conditions 10.9.3(3) and - if applicable - (4) are Inet, a simp] ified analysis 
nlay be used considering the horizontal displacenlents and the torsional nlovement 
about the vertical axis and assU111ing that the substructures and the superstructures 
behave rigidly. In that case, the total eccentricity (including the accidental eccentricity 
as per 4.3.2(I)P) of the nlass of the superstructure should be taken into account in the 
analysis. Displacenlents at every point of the structure should then be calculated 
combining the translational and rotational displacenlents. This applies notably for the 
evaluation of the effective stiffness of each isolator unit. The inertial forces and 
1110lnents should be taken into account for the verification of the isolator units and of the 
substructures and the superstructures. 

10.9.5 Time-history analysis 

(1)P If an isolation systeln ll1ay not be represented by an equivalent linear 1110del (i.e. 
if the conditions in 10.9.2(5) are not n1et), the seiStllic response shall be evaluated by 
means of a tinle-history analysis, using a constitutive law of the devices which can 
adequately reproduce the behaviour of the system in the range of deformations and 
velocities anticipated in the SeiS111ic design situation. 

10.9.6 Non structural elements 

(l)P In buildings, non-structural elenlents sha11 be analysed in accordance with 4.3.5, 
with due consideration to the dyna1nic effects of the isolation (see 4.3.5.1 (2) and (3). 

10.10 Safety verifications at Ultimate Limit State 

(l)P The substructure shall be verified under the inertia forces directly applied to it 
and the forces and 1110n1ents trallS111itted to it by the isolation systelll. 
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(2)P The U1tin1ate Lil11it State of the substructure and the superstructure shall be 
checked using the values of llvl defined in the relevant sections of this Eurocode. 

(3)P In buildings, safety verifications regarding equilibriun1 and resistance in the 
substructure and in the superstructure shall be perfom1ed in accordance with 4.4. 
Capacity design and global or local ductility conditions do not need to be satisfied. 

(4) In buildings, the structural eleluents of the substructure and the superstructure 
luay be designed as non-dissipative. For concrete, steel or steel-concrete con1posite 
buildings Ductility Class L nlay be adopted and 5.3, 6.1.2(2)P, (3) and (4) or 7.1.2(2)P 
and (3), respectively, applied. 

(5) In buildings, the resistance condition of the structural eleluents of the 
superstructure may be satisfied taking into account seisluic action effects divided by a 
behaviour factor not greater than 1,5. 

(6)P Taking into account possible buckling failure of the devices and using nationally 
deten11ined YM values, the resistance of the isolation systen1 shall be evaluated taking 
into account the Yx factor defined in lO.3(2)P. 

(7) According to the type of device considered, the resistance of the isolator units 
should be evaluated at the Ultilnate Liluit State in terms of either of the following: 

a) forces, taking into account the maXilTIUlU possible vertical and horizontal forces in the 
seismic design situation, including overtulning effects; 

b) total relative horizontal displacenlent between lower and upper faces of the unit. The 
total horizontal disp]acelnent should include the deformation due to the design seisn1ic 
action and the effects of shrinkage, creep, tenlperature and post tensioning (if the 
superstructure is prestressed). 
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ANNEX A (Informative) 
ELASTIC DISPLACEMENT RESPONSE SPECTRUl\1 

A.l For structures of long vibration period, the seisn1ic action ll1ay be represented in 
the fonn of a displacement response spectrun1, S[)c (T), as shown in Figure 1. 

T T 

Figure A.l: Elastic displacement response spectrum. 

A.2 Up to the control period TE, the spectral ordinates are obtained fr0111 expressions 
(3.1)-(3.4) converting SeCT) to SDc(T) through expression (3.7). For vibration periods 
beyond TE, the ordinates of the elastic displacement response spectrUlTI are obtained 
frOlTI expressions (A. 1 ) and (A.2). 

(A. I) 

(A.2) 

where S, Tc, TD are given in Tables 3.2 and 3.3, '7 is given by expression (3.6) and dg is 
given by expression (3.12). The control periods and TF are presented in Table A.I. 
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Table A.I: Additional control periods for Type 1 displacement spectrum. 

Ground type TE (s) TF (s) 

A 
4~5 10,0 

B 5,0 10,0 

C 6,0 10,0 

0 6~0 10,0 

E 6,0 10,0 
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ANNEXB (Informative) 
DETERMINATION OF THE TARGET DISPLACEMENT FOR 

NONLINEAR STATIC (PUSHOVER) ANALYSIS 

B.I General 

The target displacement is deternlined tl'oln the elastic response spectrum (see 3.2.2.2). 
The capacity curve, which represents the relation between base shear force and control 
node displacelnent, is detennined in accordance with 4.3.3.4.2.3. 

The following relation between nornlalized lateral forces Pi and normalized 
displacelnents ~ is assull1ed: 

(B. I) 

where Inj is the Inass in the i-th storey. 

Displacelnents are normalized in such a way tha!... rAl = 1, where n is the control node 
(usually, n denotes the roof level). Consequently, = 111 11 , 

B.2 Transformation to an equivalent Single Degree of Freedom (SDOF) system 

The Inass of an equivalent SDOF systenl m is deternlined as: 

and the transfornlation factor is given by: 

In 
T=---

I 
I~ 

Ir~2J 
m· 

\ I 

The force and displacelnent d' of the equivalent SDOF systenl are COll1puted as: 

p* 
T 

(B.2) 

(B.3) 

(B.4) 

(B.5) 

where and dn are, respectively, the base shear force and the control node 
displacelnent of the Multi Degree of Freedom (MDOF) system. 

B.3 Determination of the idealized elasto-perfectly plastic force displacement 
relationship 

The yield force Fy , \vhich represents also the ultinlate strength of the idealized systenl, 
is equal to the base shear force at the fornlation of the plastic mechanisll1. The initial 
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stiffness of the idealized systell1 is deterrnined in such a way that the areas under the 
actual and the idea1ized force deformation curves are equal (see Figure B.l). 

Based on this assu111ptiol1, the yield displacelnent of the idealised SDOF system dy IS 

given by: 

{d,: - (8.6) 

where IS the actual deforn1ation energy up to the formation of the plastic 
n1echanism. 

A 
~ 

d 

Key 

A plastic mechanisn1 

Figure B.l: Determination of the idealized elasto - perfectly plastic force 
displacement relationship. 

B.4 Determination of the period of the idealized equivalent SDOF system 

The period f" of the idealized equivalent SDOF systen1 is detern1ined by: 

T* = (B.7) 

B.S Determination of the target displacement for the equivalent SDOF system 

The target displacen1ent of the structure with period i' and unlilnited elastic behaviour 
is given by: 

(B.8) 

\vhere Sect) is the elastic acceleration response spectrun1 at the period 

For the detern1inatiol1 of the target displacen1ent d/ for structures in the short-period 
range and for stlllctures in the mediun1 and long-period ranges different expressions 
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should be used as indicated below. The corner period between the short- and medium
period range is Tc (see Figure 3.1 and Tables 3.2 and 3.3). 

a) T* < Tc (short period range) 

If Fy / m 2:: Se( i'), the response is elastic and thus 

If Fy* / m Secr\, the response is nonlinear and 

(B.IO) 

where qu is the ratio between the acceleration in the structure with unlinlited elastic 
behaviour Sc(i) and in the structure with lilnited strength F'i / rn . 

qu = (B. 11) 

~ dt* need not exceed 3 det*.~ 

b) T* 2:: Tc (mediunl and long period range) 

(B.12) 

~ Text deleted ~ 

The relation between different quantities can be visualized in Figures B.2 a) and b). The 
figures are plotted in acceleration - displacenlent format. Period T* is represented by the 
radial line fr01n the origin of the coordinate system to the point at the elastic response 
spectrUln defined by ~coordinates c/ el Se(T*)(i'/2rc)2 ~ and SeCT*). 

Iterative procedure (optional) 

~Ifthe target displacement dt detennined in the 4th step (cl. B.5) is much different ~ 
from the displacenlent ~n* (Figure B.l) used for the detelmination of the idealized elasto
perfectly plastic~force - displacenlent relationship in the 2nd step (cl. B.3), an iterative 
procedure ~ lllay be applied, in which steps 2 to 4 are repeated by using in the 2nd step 
dt* (and the conesponding F/) instead of dm*. 
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a) Short period range 

b) Medium and long period range 

Figure B.2: Determination of the target displacement for the equivalent SDOF 
system 

B.6 Determination of the target displacement for the MDOF system 

The target displacenlent of the MDOF systen1 is given by: 

(B.13) 

The target displacement corresponds to the control node. 

218 



BS EN 1998~1 :2004 
EN 1998-1 :2004 (E) 

ANNEX C (Normative) 
DESIGN OF THE SLAB OF STEEL-CONCRETE COMPOSITE 

BEAMS AT BEAM-COLUMN JOl\fTS IN MOIVIENTRESISTING 
FRAMES 

C.1 General 

(l) This annex refers to the design of the slab and of its connection to the steel 
fraIne in m0111ent resisting fra111es in which beams are composite T-beams comprising a 
steel section with a slab. 

(2) The annex has been developed and validated experimentally in the context of 
composite l1l0111ent franles with rigid connections and plastic hinges fOrtl1ing in the 
beanls. The expressions in this annex have not been validated for cases with partial 
strength connections in which deformations are nlore localised in the joints. 

(3) Plastic hinges at beanl ends in a conlposite nlonlent fraIne shall be ductile. 
According to this annex two requirel11ents shal1 be fulfilled to ensure that a high 
ductility in bending is obtained: 

early buckling of the steel part shall be avoided; 

early crushing of the concrete of the slab shall be avoided. 

(4) The first condition imposes an upper limit 011 the cross-sectional area As of the 
longitudinal reinforcenlent in the effective \vidth of the slab. The second condition 
ilnposes a lower lilnit on the cross-sectional area of the transverse reinforcement in 
front of the column. 

C.2 Rules for prevention of premature buckling of the steel section 

(1) Paragraph 7.6.1(4) applies. 

C.3 Rules for prevention of premature crushing of concrete 

C.3.1 Exterior column - Bending of the column in direction perpendicular to 
fa~ade; applied beam bending moment negative: M < 0 

C.3.1.1 No fa~ade steel beam; no concrete cantilever edge strip (Figure C.l (b»). 

(I) When there is no fayade steel beam and no concrete cantilever edge strip~ the 
Inonlent capacity of the joint should be taken as the plastic 1110lnent resistance of the 
steel beanl alone. 

C.3.1.2 No fa~ade steel beam; concrete cantilever edge strip present (Figure C.l(c)). 

(1) When there is a concrete cantilever edge strip but no fac;ade steel beanl, EN 
1994-1-1 :2004 applies for the calculation of the mOlnent capacity of the joint. 
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(b) 

(d) 

Key: 
( a) elevation 
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(b) no concrete cantilever edge strip - no fa<;ade steel bealTI - see C.3.1.1. 
( c) concrete cantilever edge strip - no fa<;ade steel beam - see C.3.1.2. 
(d) no concrete cantilever edge strip - fa<;ade steel bealTI - see C.3.1.3. 
(e) concrete cantilever edge strip - fa<;ade steel beam - see C.3.1.4. 
A n1ain bean1; 
B slab; 
C exterior colunln; 
D fa<;ade steel bean1; 
E concrete cantilever edge strip 

Figure C.l: Configurations of exterior composite beam-to-column joints under 
negative bending nloment in a direction perpendicular to fa~ade 
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C.3.1.3 Fa<;ade steel beam present; s]ab extending up to column outside face; no 
concrete cantilever edge strip (Figure C.l(d)). 

(1) When there is a fa<;ade steel beanl but no concrete cantilever edge strip, the 
1110111ent capacity of the joint l11ay include the contribution of the slab reinforcenlents 
provided that the requirenlents in (2) to (7) of this subclause are satisfied. 

(2) Reinforcing bars of the slab should be effectively anchored to the shear 
connectors of the fa<;ade steel beanl. 

(3) The fa<;ade steel beanl should be fixed to the colunln. 

(4)P The cross-sectional area of reinforcing steel shal1 be such that yielding of the 
reinforcing steel takes place before failure of the connectors and of the fa<;ade beanlS. 

(S)P The cross-sectional area of reinforcing steel and the connectors shall be 
placed over a \vidth equal to the effective width defined in 7.6.3 and Table 7.S II. 

(6) The connectors should be such that: 

(C. I) 

where 

n is the nmnber of connectors in the etlective width; 

PRd is the design resistance of one connector; 

F Rds is the design resistance of the re-bars present in the effective width: FRds As:f~d 

/yd is the design yield strength of the slab reinforcement. 

(7) The fa<;ade steel beanl should be verified in bending, shear and torsion under the 
horizontal force FRds applied at the connectors. 

C.3.1.4 Fa<;ade steel beam and concrete cantilever edge strip present (Figure 
C.1(e)). 

(l) When there is both a fa<;ade steel beam and a concrete cantilever edge strip, the 
moment capacity of the joint nlay include the contribution of: (a) the force transferred 
through the fa<;ade steel beanl as described in C.3.1.3 (see (2) of this subclause) and (b) 
the force transferred through the nlechanisln described in EN 1994-1-1:2004 (see (3) of 
this subclause). 

(2) The part of the capacity which is due to the cross-sectional area of reinforcing 
bars anchored to the transverse fa<;ade steel beanl, nlay be calculated in accordance with 
C.3.1.3, provided that the requirelnents in (2) to (7) of C.3.1.3 are satisfied. 

(3) The part of the capacity which is due to the cross-sectional area of reinforcing 
bars anchored \vithin the concrete cantilever edge strip l11ay be calculated in accordance 
with C.3.1.2. 
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C.3.2 Exterior column - Bending of the column in direction perpendicular to 
fa~ade; applied beam bending nloment positive: M> 0 

C.3.2.l No fa~ade steel beam; slab extending up to the column inside face (Figure 
C.2(b-c)). 

(1) When the concrete slab is linlited to the interior face of the column, the n10.ment 
capacity of the joint may be calculated on the basis of the transfer of forces by direct 
compression (bearing) of the concrete on the colun111 flange. This capacity may be 
calculated fronl the conlpressive force cOll1puted in accordance with (2) of this 
subclause, provided that the confining reinforcell1ent in the slab satisfies (4) of this 
subclause. 

(2) The Inaxinluln value of the force transmitted to the slab 111ay be taken as: 

(C.2) 

where 

dell is the overall depth of the slab in case of solid slabs or the thickness of the slab 
above the ribs of the profiled sheeting for conlposite slabs; 

hb is the bearing width of the concrete of the slab on the collnnn (see Figure 7.7). 

(3) Confinen1ent of the concrete next to the colulnn flange is necessary. The cross-
sectional area of confining reinforcell1ent should satisfy the following expression: 

0,15/
AT 2:: 0,25deffbb ------""----'-=-

0,151 f~d,T 
(C.3) 

where 

lEi) 1 is the beaJn span, as defined in 7.6.3(3) and Figure 7.7;@.il 

/yd,T is the desjgn yield strength of the transverse reinforcement in the slab. 

The cross-sectional area AT of this reinforcen1ent should be uniformly distributed over a 
length of the beam equal to bb. The distance of the first reinforcing bar to the colulnn 
flange should 110t exceed 30 111n1. 

(4) The cross-sectional area AT of steel defined in (3) n1ay be partly or totally 
provided by reinforcing bars placed for other purposes, for instance for the bending 
resistance of the slab. 
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Figure C.2: Configurations of exterior composite beam-to-column joints under 
positive bending moments in a direction perpendicular to fa~ade and possible 

transfer of slab forces 
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(g) 

(b) no concrete cantilever edge strip - no fa<;ade steel beal11 - see C.3.2.1; 
( c) 111echanis111 1; 
(d) slab extending up to the column outside face or beyond as a concrete cantilever edge 
strip - no fa<;ade steel beam - see C.3.2.2; 
(e) 111echanism 2; 
(f) slab extending up to the column outside face or beyond as a concrete cantilever edge 
strip - fa<;ade steel beam present - see C.3.2.3; 
(g) nlechanis111 3. 
F additional device fixed to the column for bearing. 

Figure C.2 (continuation): Configurations of exterior composite beam-to-column 
joints under positive bending moment in direction perpendicular to fac;ade and 

possible transfer of slab forces. 
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C.3.2.2 No fa~ade steel beam; slab extending up to column outside face or beyond 
as a concrete cantilever edge strip (Figure C.2( c-d-e» 

(1) When no fayade steel beam is present, the 1110111ent capacity of the joint may be 
calcu1ated fron1 the c0111pressive force developed by the combination of the following 
two mechanisll1s: 

mechanism 1: direct con1pression on the coiUlnn. The design value of the force that is 
transferred by 111eans of this mechanisn1 should not exceed the value given by the 
following expression 

(C.4) 

n1echanism 2: cOll1pressed concrete struts inclined to the column sides. If the angle of 
inclination is equal to 45°, the design value of the force that is transferred by means of 
this mechanislTI should not exceed the value given by the following expression: 

(C.5) 

where 

IS depth of the colul11n steel section. 

(2) The tension-tie total steel cross-sectional area AT should satisfy the following 
expression (see Figure C.2.( e»: 

~ 0,5 ~Rd2 
fyd,T 

(C.6) 

(3) The steel area AT should distributed over a length of beanl equal to he and be 
fully anchored. The required length of reinforcing bars is L = bb + 4 he + 2 lb, where lb is 
the anchorage length of these bars in accordance with EN 1992-1 1 :2004. 

(4) The moment capacity of the joint n1ay be calculated frool the design value of the 
maximull1 compression force that can be translnitted: 

(C.7) 

is the effective width of the slab at the joint as deduced frOll1 7.6.3 and in Table 
7.511. In this case 0,7 he + bb. 

C.3.2.3 Fa<;ade steel beam present; slab extending up to column outside face or 
beyond as a concrete cantilever edge strip (Figure C.2(c-e-f-g». 

(l) When a fayade steel beal11 is present, a third nlechanis01 of force transfer F Rd3 is 
activated in compression involving the fayade steel beat11. 

F Rd3 n· PRd (C.8) 

where 
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n is the number of connectors within the effective width conlputed from 7.6.3 and 
Table 7.SII; 

PRe! is the design resistance of one connector. 

(2) C.3.2.2 applies 

(3) The design value of the maxilllUlll conlpression force that can be transmitted is 
belT f~d. It is transnlitted if the following expression is satisfied: 

(C.9) 

The "full" COll1posite plastic m0111ent resistance is achieved by choosing the nunlber n of 
connectors so as to achieve an adequate force FRd3 . The ll1aximunl effective width 
corresponds to berl'defined in 7.6.3 and Table 7.5 II. In this case, beff = 0, IS I. 

C.3.3 Interior column 

C.3.3.1 No transverse beam present (Figure C.3(b-c »). 

(1) When no transverse beanl is present, the monlent capacity of the joint may be 
calculated froll1 the cOll1pressive force developed by the combination of the fo]]owing 
two n1echanis111s: 

n1echanislll 1: direct conlpression on the colUllln. The design value of the force that is 
transferred by ll1eans of this l11echanislll should not exceed the value given by the 
following expression: 

(C.10) 

nlechanisnl 2: con1pressed concrete struts inclined at 45° to the colunln sides. The 
design value of the force that is trans felTed by means of this n1echanisn] should not 
exceed the value given by the follo\ving expression: 

(C. II) 

(2) The tension-tie cross-sectional area required for the developlllent of 
nlechanisnl 2 should satisfy the following expression: 

?:: O,S. @il 
fyd,T 

(C.12) 

(3) The SaJlle cross-sectional area AT should be placed on each side of the colUllln to 
provide for the reversal of bending nlO111ents. 

(4) The design value of the compressive force developed by the combination of the 
two mechanisllls is 

(C.13) 

(S) The total action effect which is developed in the slab due to the bending 
1110111ents on opposite sides of the colun1n and needs to be transferred to the COIUlll11 
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through the conlbination of nlechanisms 1 and 2 is the SUlTI of the tension force Fst in the 
reinforcing bars parallel to the beam at the side of the colunl11 where the 11101nent is 
negative and of the compression force Fsc in the concrete at the side of the COIU11111 
where the lnonlent is positive: 

(C.14) 

where 

As is the cross-sectional area of bars within the effective width in negative bending 
beffspecified in 7.6.3 and Table 7.5 II; and 

beff is the effective width in positive bending as specified in 7.6.3 and Table 7.5 Il. 
In this case, befr = 0,15 I. 

(6) For the design to achieve yielding in the bottonl flange of the steel section 
without crushing of the slab concrete, the following condition should be fulfilled 

(C.15) 

If the above condition is not fulfilled, the capability of the joint to transfer forces ft'onl 
the slab to the column should be increased, either by the presence of a transverse beanl 
(see C.3.3.2), or by increasing the direct cOlnpression of the concrete on the COIUnll1 by 
additional devices (see C.3.2.1). 
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Figure C.3. Possible transfer of slab forces in an interior composite beam-to
column joint with and without a transverse beam, under a positive bending 

moment on one side and a negative bending moment on the other side. 
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(1) When a transverse beam is present, a third mechanisn1 of force transfer FRd] is 
activated involving the transverse steel beanl. 

(C.16) 

where 

11 is the nUlllber of connectors in the effective width conlputed using 7.6.3 and 
Table II. 

PRd is the design resistance of one connector 

(2) C.3.3.1(2) applies for the tension-tie. 

(3) The design value of the cOlllpressive force developed by the combination of the 
three n1echanisnls is: 

(C.l7) 

where 11 is the number of connectors in berf for negative lllOlllent or for positive ll10111ent 
as defined in 7.6.3 and Table 7.5 II, whichever is greater out of the two beanls framing 
into the COlU11111. 

(4) C.3.3.1(5) applies for the calculation of the total action effect, F st + Fsc , 

developed in the slab due to the bending moments on opposite sides of the COlU111J1. 

(5) For the design to achieve yielding in the bOttOlTI flange of the steel section 
without crushing of the concrete in the slab, the following condition should be fulfilled 

(C.lS) 
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Fore\vord 

This European Standard EN 1998-2, Eurocode 8: Design of structures for earthquake 
resistance: Bridges, has been prepared by Technical Comnlittee CEN/TC2S0 
«Structural Eurocodes», the Secretariat of which is held by BSI. CEN/TC250 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 May 2006, and 
conflicting national standards shall be withdrawn at latest by March 2010. 

This dOCl1l11ent supersedes ENV 1998-2: 1994. 

According to the CEN-CENELEC Internal Regulations, the National Standard 
Organisations of the following countries are bound to inlplen1ent this European 
Standard: Austria, BelgiU111, Cyprus, Czech Republic, Del1111ark, Estonia, Finland, 
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, 
Luxelnbourg,Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, 
S\veden, Switzerland and United Kingdom. 

Background of the Eurocode programme 

In 1975, the Conlnlission of the European Conln1unity decided on an action progranlme 
in the field of construction, based on article 95 of the Treaty. The objective of the 
progranlnle was the elimination of technical obstacles to trade and the hanllonisation of 
technical specifications. 

Within this action progranl111e, the C0111111ission took the initiative to establish a set of 
harnl0nised 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 Melllber States and, 
ultin1ately, would replace thenl. 

For fifteen the Conlmission, with the help of a Steering Comnl1ttee with 
Representatives of Melnber States, conducted the develop111ent of the Eurocodes 
progranl1ne, which led to the first generation of European codes in the 1980s. 

In 1989, the COlnnlisslon and the Melnber States of the EU and 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 then1 with a future status of European Standard (EN). This links 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 891l06/EEC on 
construction products - CPD and Council Directives 93/37 IEEC, 921S0/EEC and 
89/440/EEC on public works and services and equivalent EFTA Directives initiated in 
pursuit of setting up the internal n1arket). 

I 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 progranlme conlpnses the following standards generally 
consisting of a nunlber of Parts: 

EN 1990 Eurocode: Basis of structural design 

EN 1991 Eurocode I: 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 conlposite 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 alunliniunl structures 

Eurocode standards recognise the responsibility of regulatory authoritles in each 
Mel11ber State and have safeguarded their right to dete1111ine values related to regulatory 
safety nlatters at national level where these continue to vary fronl 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 l11eans to prove conlpliance of building and civil engineering works with the 
essential requirenlents of Council Directive 89/106/EEC, particularly Essential 
Requirenlent N° 1 - Mechanical resistance and stability - and Essential Requirel11ent 
N°2 - Safety in case of fire; 

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

as a franlework for drawing up harnl0nised technical specificatlons for construction 
products (EN s and ETAs). 

The Eurocodes, as far as they concern the construction works thenlselves, have a direct 
relationship with the Interpretative Docunlents2 referred to in Article 12 of the CPO, 
although they are of a different nature from hanl10nised product standards3

. Therefore, 
technical aspects arising from the Eurocodes work need to be adequately considered by 

2 In accordance with Art. 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative docllments 
for the creation of the necessary links between the essential requirements and the mandates for harmonised ENs and [TAGs/[T As. 

3 In accordance with Art. 12 of the CPD the interpretative doculllents shall: 

a) give concrete form to the essential requirements by harmonising the terminology and the technical bascs 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 harmon is cd standards and guidelines for European technical approvals. 

The Euroeodes, de facto, playa similar rolc in the field of the ER I and a part ofER 2. 
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CEN Technical Conlnlittees and/or EOTA Working Groups working on product 
standards with a view to achieving full conlpatibility of these technical specifications 
with the Eurocodes. 

The Eurocode standards provide COnl1ll0n structural design rules for everyday use for 
the design of whole structures and conlponent products of both a traditional and an 
innovative nature. Unusual fornls 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 inlplementing Eurocodes will comprise the full text of the 
Eurocode (including any annexes), as published by CEN, which lnay be preceded by a 
National title page and National foreword, and 111ay be followed by a National annex. 

The National annex nlay only contain infonnation on those parameters which are left 
open in the Eurocode for national choice, known as Nationally Detelmined Paranleters, 
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 SY111boJ only is given in the Eurocode, 

country specific data (geographical, clinlatic, 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 use of infonnative annexes, and 

references to non-contradictory cOlnplementary infonnation 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 hannonised technical specifications for 
construction products and the technical rules for works4

. Furthermore, all the 
infolmation accolnpanying the CE Marking of the construction products which refer to 
Eurocodes shall clearly nlention which Nationally Detemlined Paranleters have been 
taken into account. 

Additional information specific to EN 1998-2 

The scope of this Part of EN 1998 is defined in 1.1. 

Except where otherwise specified in this Part, the seislnic actions are as defined in EN 
1998-1 :2004, Section 3. 

4 see ArL3.3 and Art. 12 of the CPD, as well as 4.2, 1.4.3.2 and 5.2 of 1 D I. 
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Due to the peculiarities of the bridge seismic resisting systems, in comparison to those 
of buildings and other structures, all other sections of this Part are in general not 
directly related to those of EN 1998-1 :2004. However several provisions of EN 1998-
1 :2004 are used by direct reference. 

Since the seis111ic action is n1ainly resisted by the piers and the latter are usually 
constructed of reinforced concrete, a greater emphasis has been given to such piers. 

Bearings are in Inany cases inlportant parts of the seisn1ic resisting system of a bridge 
and are therefore treated accordingly. The saIne holds for seisn1ic isolation devices. 

National annex for EN 1998-2 

This standard gives alteIl1ative procedures, values and recommendations for classes, 
with notes indicating where national choices nlay have to be tnade. Therefore the 
National Standard l1nplenlenting EN 1998-2 should have a National annex containing 
all Nationally Detennined Paranleters to be used for the design of buildings and civil 
engineering works to be constructed in the relevant country. 

National choice is al10wed in EN 1998-2:2005 through clauses: 

Reference Itein I 

1.1.1(8) Infol111ative Annexes A, B, C, D, E, F, IE1) H~ JJ and K@j] 

2.1 (3)P Reference return period TNcR of seismic action for the no-collapse 
requirelnent of the bridge (or, equivalently, reference probability of 

i exceedance in 50 years, PNCR). I 

: 2.1(4)P Inlportance classes for bridges 

: 2.1(6) i Importance factors for bridges 

1 2 .2.2(5) Conditions under which the seis111ic action nlay be considered as 
accidental action, and the requirenlents of 2.2.2(3) and 2.2.2 (4) nlay : 
be relaxed. 

: 

2.3.5.3(1 ) Expression for the length of plastic hinges 

2.3.6.3(5) Fractions of design displacements for non-critical structural elenlents 

i 2.3.7(1) Cases of low seismicity 

2.3.7(1 ) Sinlplified criteria for the design of bridges in cases oLlow seis1111city 

3.2.2.3 Definition of active fault 

3.3(1)P Length of continuous deck beyond which the spatial variability of i 

SeiS111ic action nlay have to be taken into account I 

3.3(6) Distance beyond which the seismic ground m060ns may be I 

considered as conlpletely uncorrelated 

3.3(6) factor accounting for the lnagnitude of ground displacenlents 
occurring in opposite direction at adjacent supports 

! 

4.1.2(4)P 1j/21 values for traffic loads assumed concurrent with the design 
i seisnlic action 

4.1.8(2) Upper lilnit for the value in the left-hand-side of expression (4.4) for 
the seisnlic behaviour of a bridge to be considered llTegular 
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5.3(4) Value of ovestrength factor Yo 

5.4(1) Sin1plified 111ethods for second order effects in linear analysis 

5.6.2(2)P b Value of additional safety factor JlBd J on shear resistance 

5.6.3.3(1)P b Alternatives for deternlination of additional safety factor )lBd on shear 
resistance of ductile Inelnbers outside plastic hinges 

6.2.I.4( l)P Type of confinelnent reinforcement 

6.5.I(I)P Simplified verification rules for bridges of linlited ductile behaviour 
in low seismicity cases 

6.6.2.3(3) Allowable extent of damage of elastolTIeric bearings in bridges where 
the seisnlic action is considered as accidental action, but is not 
resisted entirely by elastonleric bearings 

6.6.3.2( l)P Percentage of the c0111presslve (downward) reaction due to the 
pernlanent load that is exceeded by the total vertical reaction on a 
support due to the design seiSll1ic action, for holding-down devices to 
be required. 

6.7.3(7) Upper value of design seiSnltC displacen1ent to limit t1~m~E'/' of the 
soil or elnbanknlent behind abutments rigidly connected to the deck. 

7A.l(1)P Value of control period To for the design spectrUlTI of bridges with 
seismic isolation 

7.6.2(I)P Value of mnplication factor )1s on design displacement of isolator 
units 

7.6.2(5) Value of Y,ll for elastonleric bearings 

7.7.1(2) Values of the ratio r5 for the evaluation of the lateral restoring 
capability 

7.7.1(4) Value of (till reflecting uncertainties in the estilnation of design 
displacements 

J.l (2) Values of Inininlunl isolator temperature In the selS1111C design 
situation 

J.2(1 ) Values of JG-factors for commonly used isolators 

Foreword to amendment A 1 

This document (EN 1998-2:2005/A 1 :2009) has been prepared by Technical Committee CEN/TC 250 
"Structural Eurocodes", the secretariat of which is held by BSI. 

This Amendment to the European Standard EN 1998-2:2005 shall be given the status of a national 
standard, either by publication of an identical text or by endorsement, at the latest by September 2009, 
and conflicting national standards shall be withdrawn at the latest by March 2010. 

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 organizations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Cyprus, 
Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, 
Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, 
Slovenia, Spain, Sweden, Switzerland and United Kingdom. 
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This document (EN 1998-2:2005/A2:2011) has been prepared by Technical Committee CEN/TC "Structural 
Eurocodes", the secretariat of w~lich is held by BSI. 

This Amendment to the European Standard EN 1998-2:2005 shall be given the status of a national standard, 
either by publication of an identical text or by endorsement, at the latest by September 2012, and conflicting 
national standards shall be withdrawn at the latest by September 2012. 

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 organizations of the following 
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech 
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, 
Sweden, Switzerland and the United Kingdom. 
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1 INTRODUCTION 

t.t Scope 

1.1.1 Scope of EN 1998-2 

(1 ) The scope of Eurocode 8 is defined in EN 1998-1 :2004, 1.1. t and the scope of 
this Standard 1S defined in 1.1.1. Additional parts of Eurocode 8 are indicated in EN 
1998-1 :2004, 1.1.3. 

(2) Within the framework of the scope set forth in 1998-1 :2004, this part of the 
Standard contains the particular Perf01111anCe Requirel11ents, Conlpliance Criteria and 
Application Rules applicable to the design of earthquake resistant bridges. 

(3) This Part prinlarily covers the seiSl11ic design of bridges in which the horizontal 
seisnlic actions are nlainly resisted through bending of the piers or at the abutnlents; i.e. 
of bridges cOlllposed of vertical or nearly vertical pier systenls suppor6ng the traffic 
deck superstructure. It is also applicable to the seismic design of cable-stayed and 
arched bridges, although its provisions should not be considered as fully covering 
cases. 

(4) Suspension bridges, timber and l11asonry bridges, nl0veable bridges and floating 
bridges are not included in the scope of this Part. 

(5) This Part contains only those provisions that, in addition to other relevant 
Eurocodes or relevant Parts of EN 1998, should be observed for the design of bridges in 
seisl11ic regions. In cases of lo\v seismicity, sinlplified design criteria may be established 
(see 2.3.7(1»). 

(6) The following topics are dealt with in the text of this Part: 

- Basic requirenlents and Conlpliance Criteria, 

- Seismic Action, 

Analysis, 

Strength Verification, 

Detailing. 

This Part also includes a special section on seisnlic isolation with provisions covering 
the application of this method of seisnlic protection to bridges. 

(7) Annex G contains rules for the calculation of capacity design effects. 

(8) Annex J contains rules regarding the variation of design properties of seismic 
isolator units and how such variation may be taken into account in design. 

12 

NOTE 1 Informative Annex A provides information for the probabilities of the reference seismic 
event and recommendations for the selection of the seismic action during the construction 
phase. 
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NOTE 2 Informative Annex B provides information on the relationship between the 
displacement ductility and the curvature ductility of plastic hinges in concrete piers. 

NOTE 3 Informative Annex C provides information for the estimation of the effective stiftlless 
of reinforced concrete ductile members. 

NOTE 4 Informative Annex D provides information for modelling and analysis for tbe spatial 
variability of earthquake ground motion. 

NOTE 5 Informative Annex E information on probable material properties and plastic 
hinge deformation capacities for non-linear analyses. 

NOTE 6 Informative Annex F 
water in immersed piers. 

information and guidance for the added mass of entrained 

NOTE 7 Informative Annex H provides guidance and information for static non-linear analysis 
(pushover). 

NOTE 8 Informative Annex JJ provides information on A-factors for cOl11mon isolator types. 

NOTE 9 Informative Annex K contains tests requirements for validation of 
seismic isolator units. 

1.1.2 Further parts of EN 1998 

See EN 1998-1:2004. 

1.2 Normative References 

1.2.1 Use 

properties of 

(l)P The following normative docunlents contain prOVISIons, which through 
references in this text l constitute provisions of this European standard. For dated 
references, subsequent amendn1ents to or revisions of any of these publications do not 
apply. However, parties to agreelnents based on this European standard are encouraged 
to investigate the possibility of applying the lnost recent editions of the nOll11ative 
documents indicated below. For undated references the latest edition of the nonnative 
docun1ent refen-ed to appJies (including mnendlnents). 

1.2.2 General reference standards 

EN 1998-1 :2004, 1.2.1 applies. 

1.2.3 Reference Codes and Standards 

EN 1998-1 :2004, 1.2.2 applies. 

1.2.4 Additional general and other reference standards for bridges 

EN 1990: Annex A2 Basis of structural design: Application for bridges 

EN 1991-2:2003 Actions on structures: Traffic loads on bridges 

13 
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EN 1992-2:2005 Design of concrete structures. Part 2 - Bridges 

EN 1993-2:2005 Design of structures. Part 2 - Bridges 

EN 1994-2:2005 Design of con1posite ( steel-concrete) structures. Part 2 Bridges 

EN 1998-1 :2004 Design of structures for earthquake resistance. General rules, 
seis111ic actions and rules for buildings 

EN 1998-5:2004 Design of structures for earthquake resistance. Foundations, 
retaining structures and geotechnical aspects. 

EN 1337-2:2000 Structural bearings - Part 2: Sliding elements 

EN 1337-3:2005 Structural bearings Part 3: Elastomeric bearings 

prEN 15129:200X Antiseismic Devices 

1.3 Assumptions 

(1) 111 addition to the general asslllnptions of EN ] 990:2002, 1.3 the following 
assUlnption applies. 

(2)P It is assUlned that no change of 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 of n1elnbers. 

1.4 Distinction between principles and application rules 

(I) The rules oLEN 1990:2002, 1.4 apply. 

1.5 Definitions 

1.5.1 General 

(l) F or the purposes of this standard the following definitions are applicable. 

1.5.2 Terms common to all Eurocodes 

(1) The tern1S and definitions of EN 1990:2002,1.5 apply. 

1.5.3 Further terms used in EN 1998-2 

capacity design 
design procedure used when designing structures of ductile behaviour to ensure the 
hierarchy of strengths of the various structural cOlnponents necessary for leading to the 
intended configuration of plastic hinges and for avoiding brittle failure 1110des 

14 
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ll1embers able to dissipate energy through the fonnation of plastic hinges 

ductile structure 
structure that under strong seisnlic n10tions can dissipate significant amounts of input 
energy througb the formation of an intended configuration of plastic hinges or by other 
Inechanisms 

limited ductile behaviour 
seisn1ic behaviour of bridges, without significant dissipation of energy in plastic hinges 
under the design seisnlic action 

positive linkage 
connection inlplenlented by seisnlic links 

seismic isolation 
provision of bridge structures wi th special isolating devices for the purpose of reducing 
the seisn1ic response (forces and/or displacenlents) 

spatial variability (of seismic action) 
situation in which the ground motion at different supports of the bridge differs and, 
hence, the seislnic action cannot be based on the characterisation of the n10tion at a 
single point 

seismic behaviour 
behaviour of the bridge under the design seisn1ic event which, depending on the 
characteristics of the global force-displacenlent relationship of the structure, can be 
ductile or lin1ited ductile/essentially elastic 

seismic links 
restrainers through which part or all of the seisn1ic action tnay transn1itted. Used in 
con1bination with bearings, they lnay be provided with appropriate slack, so as to be 
activated only in the case when the design seisn1ic displacetnent is exceeded 

minimum overlap length 
safety 111easure in the fOll11 of a nll11l1nUnl distance between the inner of the 
supported and the outer edge of the supporting men1ber. The n1inin1unl overlap is 
intended to ensure that the function of the support is n1aintained under extrenle seismic 
displacements 

design seismic displacement 
displacement induced by the design seis111ic actions. 

total design displacement in the seismic design situation 
displacen1ent used to detenlline adequate clearances for the protection of critical or 
n1ajor structuralll1elnbers. It includes the design seisn1ic displacen1ent, the displacetnent 
due to the long term effect of the pernlanent and quasi-pernlanent actions and an 
appropriate fraction of the displacen1ent due to thermal movements. 
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1.6 Symbols 

1.6.1 General 

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

(2) Further sYlnbols, used in connection with the seisnl1c actions, are defined in the 
text where they occur, for ease of use. However, in addition, the most frequently 
occurring sYlnbols in EN 1998-2 are listed and defined in the following subsections. 

t .6.2 Further symbols used in Sections 2 and 3 of EN 1998-2 

dE design seislnic displacement (due only to the design seisn1ic action) 

dEc seisn1ic displacement detennined froln linear analysis 

dG long tern1 displacelnent due to the pern1anent and quasi-permanent actions 

design ground dlsplacelnent in accordance with 1998-1 :2004, 3.2.2.4 

~ ground displacelnent of set B at support i 

dri ground displacelTIent at support i relative to reference support 0 

dr displacen1ent due to thelmailTIOVe111ents 

du ultimate displacen1ent 

dy yield displacenlent 

AEd design seis111ic action 

F Rd design value of resisting force to the eat1hquake action 

Lg distance beyond which the ground motion Inay be considered completely 
uncorrelated 

Li distance of support i fron1 reference support 0 

Li-I,i distance between consecutive supports i-1 and i 

Ri reaction force at the base of pier i 

Sa site-averaged response spectrun1 

Sj site-dependent response spectrUl11 

Tcff effective period of the isolation systeln 

}1 inlportance factor 

L1dj ground displacen1ent of interlnediate support i relative to adjacent supports i-I 
and i+l 

/1d displacenlent ductility factor 

'1/2 conlbination factor for the quasi-pernlanent value of thelmal action 
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1.6.3 Further symbols used in Section 4 of EN 1998-2 

da average of the displacenlents in the transverse direction of all pier tops under the 
transverse seislnic action, or under the action of a transverse load of sin1ilar 
distribution 

di disp]acenlent of the i-th nodal point 

dm aSYlnptotic value of the spectrU111 for the l71-th motion for long periods, expressed 
in telTI1S of displacenlents 

ea accidental nlass eccentricity 0,03L, or 0,03B) 

ed additional eccentricity reflecting the dynamic effect of simultaneous 
translational and torsional vibration 0,05L or 0,05B) 

eo theoretical eccentricity 

g acceleration of gravity 

h depth of the cross-section in the direction of flexure of the plastic hinge 

km effect of the m-th independent nl0tion 

rj required local force reduction factor at ductile nlenlber i 

rmin mininlu111 value of rj 

rmax nlaxinlunl value of rj 

design seismic action 

seisnlic action in direction x 

A seisnlic action in direction y 

seismic action in direction.y 

B width of the deck 

E probable lnaxinlum value of an action effect 

Ei response in lTIode i 

F horizontal force detennined in accordance with the fundanlental 1110de nlethod 

G total effective weight of the structure, equal to the weight of the deck plus the 
weight of the top half of the piers 

weight concentrated at the i-th nodal point 

K stiffness of the systenl 

L total length of the continuous deck 

Ls distance fiom the plastic hinge to the point of zero lTIOlnent 

M total mass 

MEd,i maXinlUlTI value of design monlent in the seisnlic design situation at the intended 
location of plastic hinge of ductile lllelTIber i 

MRd,j design flexural resistance of the plastic hinge section of ductile lTIenlber i 

Mt equivalent static nlonlent about the vertical axis through the centre of mass of 
the deck 
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Qk,I characteristic value of traffic load 

Rd design value of 

Sd(T) spectral acceleration of the design spectrum 

T period of the fundanlental nlode of vibration for the direction under 
consideration 

X horizontal longitudinal axis of the bridge 

Y horizontal transverse axis of the bridge 

Z vertical axis 

as shear span ratio of the pier 

Lid 111axinlu111 difference of the displacenlents in the transverse direction of all pier 
tops under the transverse seisnlic action, or under the action of a transverse load 
of similar distribution 

'7k nornlalized axial force (= jVcd/(Ad~k)) 

B~ul design value of plastic rotation capacity 

Bp,c plastic hinge rotation denland 

~ viscous damping ratio 

lj/2,i factor for quasi-pernlanent value of variable action i 

1.6.4 Further symbols used in Section 5 of EN 1998-2 

dEd relative transverse displacenlent of the ends of the ductile Inenlber under 
consideration 

.f~td 

.f~d 

.f~Y 

Zb 

Zc 

AEd 

ASd 

Asx 

Asz 

Ed 

Ok 

Mo 
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characteristic value of concrete strength 

design value of tensi Ie strength of concrete 

reduced stress of reinforcenlent, for hmitation of cracking 

design value of yield strength of the joint reinforcement 

inten1al lever ann of the beanl end sections 

intelllal ann of the plastic hinge section of the colunln 

capacity design effects 

area of the concrete section 

design seisnlic action (seisnlic action alone) 

action in the seislnic design situation 

area of horizontal joint reinforcenlent 

area of vertical joint reinforcelnent 

design value of action effect of in the seismic design situation 

characteristic value of permanent load 

overstrength nlonlent 



MEd 

AfRd 

NEd 

VE,d 

Tjx 

Tjz 

V1bC 

Yo 

Yof 

}13dl 

Px 

pz 

1j/21 

AAsx 

AAsz 

1.6.5 

design nlO1nellt in the seislnic design situation 

design value of flexural strength of the section 

axial force in the seisnlic design si tuation 
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axial force in the column under the pennanent and the quasi-pernlanent actions 
in the seisnljc design situation 

vertical axial force in a joint 

characteristic value of the traffic load 

quasi-permanent value of actions of long duration 

characteristic value of prestressing after alllosses 

design value of the resistance of the section 

design value of the Inaxinlunl friction force of sliding bearing 

resultant force of the tensile reinforcelnent of the colulnn 

design value of shear force 

..... ""u ....... value of horizontal shear of the joint 

design value of vertical shear of the joint 

shear force of the bean1 adjacent to the tensile face of the colunln 

ll1aterial partial factor 

overstrength factor 

nlagnification factor for friction due to ageing effects 

additional safety factor against brittle failure nlodes 

ratio of horizontal reinforcenlent in joint 

reinforcell1ent ratio of closed stirrups in the transverse direction of the joint 
pane] (orthogonal to the plane of action) 

ratio of vertical reinforcelnent in joint 

conlbination factor 

area of horizontal joint reinforceillent placed outside joint body 

area of vertical joint reinforcelnent placed outside joint body 

Further symbols used in Section 6 of EN 1998-2 

design ground acceleration on type A ground (see EN 1998-1 :2004,3.2.2.2). 

b cross-sectional dimension of the concrete core perpendicular to the direction of 
the confinement under consideration, Ineasured to the centre 1ine of the 
periIneter hoop 

bmin sll1allest din1ension of the concrete core 

dbL dianleter of longitudinal bar 

dcg effective displacement due to the spatial variation of the seismic ground 
displacenlent 
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effective seisnlic displacenlent of the support due to the defornlation of the 
structure 

design peak ground displacelnent as specified by 1998-1 :2004, 3.2.2.4 

.I; tensile strength 

.I~ yield strength 

.I~s yield strength of the longitudinal reinforcenlent 

f~1 yield strength of the tie 

1m 111ininlunl support length securing the safe transmission of the vertical reaction 

lov nlininlu111 overlap length 

s spacing of tie on centres 

SL nlaximunl (longitudinal) spacing 

spacing of between hoop or supplenlentary cross ties on centres 

s( transverse spacing 

Vg design ground velocity 

Vs shear wave velocity in the soil at s111all shear strains 

Ac area of the gross concrete section 

cross-sectional area of the confined concrete core of the section 

cross-sectional area of the spiral or hoop bar 

Asw total cross-sectional area of hoops or ties in the one transverse direction of 
confinenlent 

Al cross-sectional area of one tie leg 

Dj inside diameter 

Dsp dial1Jeter of the spiral or hoop bar 

Ed total earth pressure acting on the abutnlent under seismic conditions as per 
1998-5: 2004 

design resistance 

Lh design length of plastic hinges 

LetT effective length of deck 

Qd weight of the section of the deck linked to a pier or abutlnent, or the least of the 
weights of the tvvo deck sections on either side of an intermediate separation 
joint 

S soil factor specified in EN 1998-1 :2004, 3.2.2.2 

C0111Cr period of elastic spectruln as specified in EN 1998-1 :2004, 3.2.2.2 

design ground acceleration on type A ground 

J1 inlportance factor 

Ys free- field SeiS111ic shear defornlation of the soil 
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o paranleter depending 011 the ratio.fi(f~ 

1'(1) required curvature ductility factor 

LAs SUln of the cross-sectional areas of the longitudinal bars restrained by the tie 

PL ratio of the longitudinal reinforcenlent 

pw transverse reinforcenlent ratio 

COwd lllechanical ratio of confinement reinforcenlent 

1.6.6 Further synlbols used in Section 7 and Annexes J, JJ and K of EN 1998-2 

design ground acceleration on type A ground 

ag,R reference peak ground acceleration on type A ground reference 

d design displacenlent 

db displacelnent of isolator 

dbd design displacen1ent of isolator corresponding to the design displacenlent of the 
isolating systenl ded 

dbi displacement of isolator i 

dbi,a increased design displacenlent of isolator i 

dbi,d design displacement of isolator i 

ded design displacen1ent of the isolating system 

def design displacement of the isolating systen1 resulting froll1 the fundan1ental 
lnode lTIethod 

dcl,m displacement of the stiffness centre derived from the analysis 

15) dG,i offset displacen1ent of isolator i ®J 

did displacetnent of the superstructure at the location of substructure and isolator i 

dm displacelTIent capacity of the isolating systelTI 

dm3x maXilTImTI displacement 

15) dm,i Inaxinlun1 total displacen1ent of each isolator unit i 

dn, dp minimum negative and positive displacen1ent in test respectively 

drm residual displacement of the isolating systeln 

dy yield displacement 

ex eccentricity in the longitudinal bridge direction 

r radius of gyration of the deck mass about vertical axis through its centre of 111ass 

sign( d ) 
b 

sign of the velocity vector db 

te total elastolner thickness 

v velocity of nlotion of a viscous isolator 

vmax maximull1 velocity of motion of a viscous isolator 

Xi, Yi co-ordinates of pier i in plan 
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Ab effective cross-sectional area of elastomeric bearing 

dissipated energy per cycle at the design displacelTIent of isolating system dcd 

EOi dissipated energy per cycle of isolator unit i, at the design displacement of 
isolating systenl dcd 

design seisnllc forces 

EEA seisnlic internal forces derived from the analysis 

ll1ax force corresponding to the design displacelTIent 

Fn, Fp nlinil11UlTI negative and ll1aximUlTI positive forces of test, respectively, for units 
with hysteretic or frictional behaviour, or negative and positive forces of test 
respectively conesponding to (~1 and dp, respectively, for units with viscoelastic 
behaviour 

Fy yield force under lTIonotonic loading 

Fo force at zero displacelTIent under cyclic loading 

Gb shear nlodulus of elastomeric bearing 

Gg apparent conventional shear 1110dulus of elastOllleric bearing in accordance with 
EN 1337-3:2005 

HDRB High Dalnping Rubber Bearing 

Hi height of pier i 

Kbi effective stiffness of isolator unit i 

Kc elastic stiffness of bilinear hysteretic isolator under nl0notonic loading 

KL stiffness of lead core of lead-rubber bearing 

.Kp post elastic stiffness of bilinear hysteretic isolator 

KelT effective stiffness of the isolation system in the principal horizontal direction 
under consideration, at a displacenlent equal to the design displacenlent dcd 

Kefl:i COll1posite stiffness of isolator units and the corresponding pier i 

KJi rotation stiffness of foundation of pier i 

KR stiffness of rubber of lead-rubber bearing 

Kri rotation stiffness of foundation of pier i 

Ksi displacelnent stiffness of shaft of pier i 

K 1i translation stiffness of foundation of pier i 

Kxi,Kyi effective conlposite stiffness of isolator unit and pier i 

LRB Lead Rubber Bearing 

Md ll1ass of the superstructure 

NSd axial force through the isolator 

PTFE polytetrafluorethylene 

QG per111anent axial load of isolator 

Rb radius of spherical sliding surface 

S soil factor of elastic spectrulll in accordance with EN 1998-1 :2004, 3.2.2.2 
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Te, To corner periods of the elastic spectrunl in accordance with 7.4.1(1)P and EN 
1998-1 :2004, 3.2.2.2 

TefT effective period of the isolating systenl 

Tmin.b nlinimUll1 bearing tenlperature for seisnlic design 

Vd nlaxinlunl shear force transferred through the isolation interface 

Vr maximum shear force estimated through the fundatnental 1110de Inethod 

UBDP Upper bound design properties of isolators 

LBDP Lower bound design properties of isolators 

ab exponent of velocity of viscous danlper 

n importance factor of the bridge 

L1FEd additional vertical load due to seismic overturning effects 

L1Fm force increase between displacelnents dn/2 and dm 

Jld dynamic friction coefficient 

¢ equivalent viscous damping ratio 

¢b contribution of isolators to effective damping 

¢ctT effective damping of the isolation system 

V/fi conlbination factor 
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2 BASIC REQUIRElVlENTS AND COMPLIANCE CRITERIA 

2.1 Design seismic action 

(l)P The design philosophy of this Standard is to achieve with appropriate reliability 
the non-collapse requirel11ent of 2.2.2 and of 1998-1 :2004, 2.1(1 )P, for the design 
seis111ic action (A Ed). 

(2)P Unless otherwise specified in this part, the elastic spectrum of the design seisll1ic 
action in accordance with EN 1998-1 :2004, 3.2.2.2, 3.2.2.3 and 3.2.2.4 applies. For 
application of the equivalent linear Inethod of 4.1.6 the behaviour factor q) the 
spectrull1 shall be the spectrunl in accordance with 1998-1 :2004, 3.2.2.5. 

(3)P The design seisnlic action, AEd, is expressed in terms of: (a) the reference 
seisnlic action, A Ek, associated with a reference probability of exceedance, PNCR, in 50 

or a reference return period, (see EN 1998-1 :2004, 2.1(1)P and 3.2.1(3») and 
(b) the inlportance factor)4 (see EN 1990: 2002 and EN 1998-1:2004, 2.1(2)P, 2.1(3)P 
and (4») to take into account reliability differentiation: 

AEd (2.1 ) 

NOTE The value to be ascribed to the reference return period, TNCR, associated with the 
reference seismic action for use in a country, may be found in its National Annex. The 
recommended value is: = 475 years. 

NOTE 2 Informative Annex A gives information on the reference seismic action and on the 
selection of the design seismic action during the construction 

(4)P Bridges shall be classified in importance classes, depending on the 
consequences of their failure for human life, on their inlportance for ll1aintaining 
conlnlunications, especia11y in the immediate post-earthquake period, and 011 the 
econonlic consequences of collapse. 
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NOTE The detinitions of the importance classes for bridges in a country may be found in its 
National Annex. The recommended classification is in three importance classes, as follows: 

In general road and bridges are considered to belong to importance class II 
importance), with the v",,",,,,.rLJVJJJ noted below. 

Importance class III bridges of critical importance for maintaining communications, 
especially in the immediate post-earthquake period, bridges the failure of which is associated 
with a large number of probable fatalities and major bridges where a design life greater than 
normal is required. 

A may be classified to importance class I (Jess than average importance) when both of the 
following conditions are met. 

the is not critical for communications, and 

the adoption of either the reference probability of exceedance, PNCR , in 50 years for the 
design seismic action, or of the standard bridge life of 50 years is not economically 
justified. 

Importance classes I, Jl and III correspond roughly to consequences classes CCl, CC2 and CC3, 
respectively, defined in EN I B3.1. 
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(5)P The inlportance classes are characterised by different ilnportance factors !l as 
described in 2.1(3)P and in EN 1998-1 :2004, 2.1(3)P. 

(6) The importance factor Yr 1,0 is associated with a seismic action having the 
reference return period indicated in 2.1 (3)P and in EN 1998-1 :2004, 3.2.1 (3). 

NOTE The values to be ascribed to ,vi for use in a country may be found in its National Annex. 
The values of )'1 may be different for the variolls seismic zones of the depending on the 
seismic hazard conditions and on public safety considerations (see NOTE to EN 1998-] :2004, 
2.1(4)). The recommended values 01')1 for importance classes I, and III me equal to and 
1,3, respectively. 

2.2 Basic requirements 

2.2.1 General 

(l)P The design shall ain1 at fulfilling the following two basic requirenlents. 

2.2.2 No-collapse (ultimate Ihnit state) 

(1)P After OCCUlTence of the design seisn1ic action, the bridge shall retain its 
structural integrity and adequate residual resistance, although at S0111e parts of the 
bridge considerable dan1age Inay occur. 

(2) Flexural yielding of specific sections (i.e. the fonnation of plastic hinges) is 
allowed to occur in the piers. \Vhen no seisnlic isolation is provided, such flexural 
yielding is in general necessary in regions of high seisnlicity, in order to reduce the 
design seisnlic action to a level corresponding to a reasonable increase of the additional 
construction cost, cOlTIpared to a bridge not designed for earthquake resistance. 

(3) The bridge deck should in general be designed to avoid danlage, other than 
locally to secondary cOlnponents such as expansion joints, continuity slabs (see 
2.3.2.2(4» or parapets. 

(4) When the design seisll1ic action has a substantial probability of exceedance 
within the design life of the bridge, the design should ai111 at a dan1age tolerant 
structure. Parts of the bridge susceptible to damage by their contribution to energy 
dissipation under the design seismic action should be designed to enable the bridge to 
be used by emergency traffic, following the design SeiS111ic action, and to easily 
repairable. 

(5) When the design seis111ic action has a low probability of being exceeded within 
the design life of the bridge, the seis111ic action ll1ay be considered as an accidental 
action, in accordance with EN 1990:2002, 1.5.3.5 and 4.1.1 (2). In such a case the 
requirements of (3) and (4) lTIay be relaxed. 

NOTE The National Annex may specify the conditions under which (5) vvill be applied, as well 
as the extent of the relevant relaxations of (3) and (4). It is recommended that (3) and (4) are 
applicable when the reference return period is approximately equal to 475 years. 
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2.2.3 Minimisation of damage (serviceability linlit state) 

(l)P A seis111ic action with a high probability of OCCUlTence 111ay cause only ll1inor 
dan1age to secondary cOll1ponents and to those parts of the bridge intended to contribute 
to energy dissipation. All other parts of the bridge should remain undamaged. 

2.3 Compliance criteria 

2.3.1 General 

(I)P To COnfOll11 to the basic require111ents set forth il1 2.2, the design shall comply 
with the criteria outlined in the following Clauses. In general the criteria, while ail11ing 
explicitly at satisfying the no-collapse requirenlent (2.2.2), in1plicitly cover the daInage 
111in1n11sat1011 requirement (2.2.3) as well. 

(2) Con1pllance with the criteria set forth in this standard is deemed to satisfy all 
basic requirenlents of 2.2. 

(3)P The conlpliance criteria depend on the behaviour which is intended for the 
bridge under the design seisnlic action. This behaviour may be selected in accordance 
with 2.3.2. 

2.3.2 Intended seisnlic behaviour 

2.3.2.1 General 

(l)P The bridge shall be designed so that its behaviour under the design seis1111c 
actioll is either ductile, or litnited ductile/essentially elastic, depending 011 the seisnlicity 
of the site, on whether seislnic isolation is adopted for its design, or any other 
constraints which nlay prevail. This behaviour (ductile or lill1ited ductile) is 
characterised by the global force-displacenlent relationship of the structure, shown 
schenlatically in Figure 2.1 (see also Table 4.1). 
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Figure 2.1: Seismic behaviour 

2.3.2.2 Ductile behaviour 

(1) In regions of Inoderate to high seisll11clty it is usually preferable~ both for 
economic and safety reasons, to design a bridge for ductile behaviour, i.e. to provide it 
with reliable 111eans to dissipate a significant atnount of the input energy under severe 
earthquakes. This is accOlnplished by providing for the formation of an intended 
configuration of flexural plastic hinges or by using isolating devices in accordance with 
Section 7. The part of this sub-clause that follows refers to ductile behaviour achieved 
by flexural plastic hinges. 

(2)P Bridges of ductile behaviour shall be designed so that a dependably stable partial 
or full 111echanist11 can develop in the structure through the formation of flexural plastic 
hinges. These hinges nonnally fonn in the piers and act as the prin1ary energy 
dissipating cOlnponents. 

(3) As far as is reasonably practicable, the location of plastic hinges should be 
selected at points accessible for inspection and repair. 

(4)P The bridge deck shall relnain within the elastic range. Ho-wever, forn1ation of 
plastic hinges (in bending about the transverse axis) is allowed in flexible ductile 
concrete slabs providing top slab continuity between adjacent simply-supported precast 
concrete girder spans. 
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(5)P Plastic hinges shall not be fonned in reinforced concrete sections where the 
nonnalised axial force 17k defined in 5.3(4) exceeds 0,6. 

(6)P This standard does not contain rules for provision of ductility in prestressed or 
post-tensioned 111embers. Consequently such 111enlbers should be protected fron1 
fo1'111ation of plastic hinges under the design seisn1ic action. 

(7) Flexural plastic hinges need not necessarily for111 in all piers. However the 
optimulll post-elastic seisn1ic behaviour of a bridge is achieved if plastic hinges develop 
approximately sin1ultaneously in as n1any piers as possible. 

(8) The capability of the structure to fOll11 flexural hinges is necessary, in order to 
ensure energy dissipation and consequently ductile behaviour (see 4.1.6(2)). 

NOTE The de1~)rmation of bridges supported exclusively by simple low damping elastomeric 
bearings is predominantly elastic and does not lead in to ductile behaviour 
4.1.6(II)P). 

(9) The global force-displacenlent relationship should exhibit a significant force 
plateau at yield and should ensure hysteretic energy dissipation over at least five 
inelastic defonl1ation cycles (see Figures 2.1, 2.2 and 2.3). 

NOTE Elastomeric llsed over some supports in combination with monolithic support on 
other piers, may cause the resisting force to increase with increasing displacements, after plastic 
hinges have formed in the other supporting members. However, the rate of increase of the 
resisting force should be appreciably reduced after the formation of plastic hinges. 

(10) Supporting menlbers (piers or abutn1ents) connected to the deck through sliding 
or flexible mountings (sliding bearings or flexible elastomeric bearings) should, in 
general, ren1ain within the elastic 

2.3.2.3 Limited ductile behaviour 

(1) In structures with linlited ductile behaviour, a yielding region with significant 
reduction in secant stiffness need not appear under the design seisnlic action. In tenns 
of force-displacen1ent characteristics, the formation of a force plateau is not required, 
while deviation fron1 the ideal elastic behaviour provides some hysteretic energy 
dissipation. Such behaviour corresponds to a value of the behaviour factor q ~ 1,5 and 
shall be referred to, in this Standard, as "limited ductile". 

NOTE VaJues of q in the range 1 q 1,5 are mainly attributed to the inherent margin between 
design and probable strength in the seismic design situation. 

(2) F or bridges where the seislnic response 111ay be dOlninated by higher nl0de 
effects (e.g cab1e-stayed bridges), or where the detailing of plastic hinges for ductility 
111ay not be reliable (e.g. due to a high axial force or a low shear-span ratio), a behaviour 
factor of q = 1 is recOlll111ended, corresponding to elastic behaviour. 
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(l)P In bridges designed for ductile behaviour the regions of plastic hinges shall be 
verified to have adequate t1exural strength to resist the design seismic action effects as 
specified in 5.5. The shear resistance of the plastic hinges, as well as both the shear and 
t1exural resistances of a11 other regions, shall be designed to resist the "capacity design 
effects" specified in 2.3.4 (see also 5.3). 

(2) In bridges designed for lilllited ductile behaviour, al1 sections should be verified 
to have adequate strength to resist the design seisn1ic action effects of 5.5 (see 5.6.2). 

2.3.4 Capacity design 

(l)P For bridges of ductile behaviour, capacity design shall be used to ensure that an 
appropriate hierarchy of resistance exists within the various structural con1ponents. This 
is to ensure that the intended configuration of p1astic hinges will fon11 and that brittle 
fai1ure modes are avoided. 

(2)P Fulfi1ment of (l)P shal1 be achieved by designing all members intended to 
relnain elastic against all britt1e 1110des of failure, using "capacity design effects". Such 
effects result fron1 equilibriunl conditions at the intended plastic mechanisn1, when al1 
t1exural hinges have developed an upper fractile of their t1exural resistance 
(overstrength), as specified in 5.3. 

(3) For bridges of li1nited ductile behaviour the application of the capacity design 
procedure is not required. 

2.3.5 Provisions for ductility 

2.3.5.1 General requirement 

(l)P The intended plastic hinges shall be provided with adequate ductility, to ensure 
the required overall global ductility of the structure. 

NOTE The definitions of global and local ductilities, given in 2.3.5.2 and 2.3.5.3, are intended 10 
provide the theoretical basis of ductile behaviour. In general 1hey are not required Jar practical 
verification of ductility, which is effected in accordance with 2.3.5.4. 

2.3.5.2 Global ductility 

(1) Referring to an equivalent one-degree-of-freedonl systelTI with an idealised 
elastic-perfectly plastic force-displacenlent relationship~ as shown in Figure 2.2, the 
design value of the ducti1ity factor of the structure (available displacen1ent ductility 
factor) is defined as the ratio of the ultilnate linlit state displacement (du ) to the yield 
displacement (dy), both measured at the centre of mass: i.e. /-ld du/d y ' 

(2) When an equivalent linear analysis is perfornled, the yield force of the global 
elastic-perfectly plastic force-displacenlent is assu111ed equal to the design value of the 
resisting force, F Rd. The yield displacenlent defining the elastic branch is selected so as 
to best approxinlate the design force-displacen1ent curve (for lTIOllotonic loading). 
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(3) The ultinlate disp]acelnent du is defined as the nlaxinlum displacenlent satisfying 
the following condition. The structure should be capable of sustaining at least 5 full 
cycles of deformation to the ultinlate displacenlent: 

without initiation of failure of the confining reinforcenlent for reinforced concrete 
sections, or local buckling effects for steel sections; and 

- yvithout a drop of the resisting force for steel ductile Inembers or without a drop 
exceeding 200/0 of the ultilnate resisting force for reinforced concrete ductile 
nlen-lbers (see Figure 2.3). 

Rtl 

Key 
A - Design 
B - Elastoplastic 

Figure 2.2: Global force-displacement diagram (Monotonic loading) 
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Figure 2.3: Force-displacement cycles (Reinforced concrete) 

2.3.5.3 Local ductility at the plastic hinges 

(1) The global ductility of the structure depends on the available local ductility at 
the plastic hinges (see Figure 2.4). This can be expressed in terms of the curvature 
ductility factor of the cross-section: 

f.1 = c[J / c[J 
(IJ u y 

(2.2) 

or, in tenns of the chord rotation ductility factor at the end where the plas6c hinge 
forms, that depends on the plastic rotation capacity, Bp.l1 = Bu- By, of the plastic hinge: 

(2.3) 

The chord rotation is measured over the length L, between the end section of the plastic 
hinge and the section of zero mon1ent, as shown in Figure 2.4. 

NOTE 1 For concrete members the relationship between ~)' CPu, CPy, Land Lp is given by equation 
(El6b) in E.3.2 of Informative Annex E. 

NOTE 2 The length of plastic hinges Lp for concrete members may be specified in the National 
Annex, as a function of the geometry and other characteristics of the member. The reconunended 
expression is that given in Annex E. 
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Figure 2.4: Chord rotation e = - f cP x dx 

Lo 

(2) In the above expressions the ultimate defornlations should confonn to the 
definitions in 2.3.5.2(3). 

NOTE The relationship between curvature ductility of a plastic hinge and the global 
displacement ductility factor for a simple case is given in Annex B. That relationship is not 
intended for ductility verification. 

2.3.5.4 Ductility verification 

(l)P Confornlance to the Specific Rules specified in Section 6 is deemed to ensure 
the availability of adequate local and global ductility. 

(2)P When non-linear static or dynanlic analysis is perforn1ed, chord rotation 
delnands shaH be checked against available rotation capacities of the plastic hinges (see 
4.2.4.4). 

(3) For bridges of limited ductile behaviour the provisions of 6.5 should be applied. 

2.3.6 Connections - Control of displacements - Detailing 

2.3.6.1 Effective stiffness - Design seisnlic displacenlent 

(l)P When equivalent linear analysis methods are used, the stiffness of each member 
shall be chosen corresponding to its secant stiffness under the maximunl calculated 
stresses under the design seislnic action. For n1enlbers containing plastic hinges this 
corresponds to the secant stiffness at the theoretical yield point (See Figure 2.5). 
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fj 

Figure 2.5: IVIoment - deformation diagrams at plastic hinges 

Left: Moment-rotation relationship of plastic hinge for structural steel; 
Right: Mon1ent-curvature relationship of cross-section for reinforced concrete. 

(2) For reinforced concrete t11embers in bridges designed for ductile behaviour~ and 
unless a n10re accurate n1ethod is used for its estil11ation~ the effective flexural stiffness 
to be used in linear analysis (static or dynamic) for the design seisn1ic action 111ay be 
estimated as follows. 

For reinforced concrete piers, a value calculated on the basis of the secant stiffness 
at the theoretical yield point. 

- For prestressed or reinforced concrete decks, the stiffness of the ul1cracked gross 
concrete sections. 

NOTE Annex C gives guidance for the estimation of the etIective stiffness of reinforced 
concrete members. 

(3) In bridges designed for liInited ductile behaviour, either the rules of (2) 111ay be 
applied or the flexural stiffness of the uncracked gross concrete sections ll1ay be used 
for the entire structure. 

(4) For both ductile and linlited ductile bridges, the significant reduction of the 
torsional stiffness of concrete decks, in relation to the torsional stiffness of the 
uncracked deck, should be accounted for. Unless a l110re accurate calculation is nlade, 
the following fractions of the torsional stiffness of the uncracked gross section may be 
used: 

for open sections or slabs, the torsional stiffness may be ignored; 

for prestressed box sections, 50% of the uncracked gross section stiffness; 

- for reinforced concrete box sections, 30% of the uncracked gross section stiffness. 

(5) For both ductile and linlited ductile bridges, displacenlents obtained fron1 an 
analysis in accordance with (2) and (3) should be nlultiplied by the ratio of (a) the 
flexural stiffness of the lnelnber used in the analysis to (b) the value of flexural sti ffness 
that corresponds to the level of stresses resulting from the analysis. 
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NOTE It is noted that in the case of equivalent linear analysis (see 4.1.6( I )P) an overestimation 
of the effective stiffness leads to results which are on the safe side regarding the seismic action 
effects. In such a case, only the displacements need be corrected after the analysis, on the basis 
of the tlexural stiffness that corresponds to the resulting level of moments. On the olher hand, if 
the effective stiffness initially assumed is significantly lower than that corresponding to the 
stresses from the analysis, the analysis should be repeated a better approximation of the 
effective stiffness. 

(6)P If linear seis111ic analysis based on the spectrunl in accordance with EN 
1998-1 :2004, 3.2.2.5 is used, the design seis111ic displacenlents, dE, shall be derived 
frOll1 the displacel11ents, determined [r0111 such an analysis as follows: 

(2.4) 

where 

'7 is the danlping correction factor specified in 1998-1 :2004, 3.2.2.2(3) 
determined with the ~ values specified for dan1ping in 4.1.3(1). 

(7) When the displacenlents are derived froll1 a linear elastic analysis based on 
the elastic spectrun1 in accordance with 1998-1 :2004, 3.2.2.2 (q = 1.0), the design 
displacelnent, dE, shall be taken as equal to 

(8)P The displacen1ent ductility factor shall be assumed as follows: 

when the fundmnental period T in the considered horizontal direction is 
T 1 where Tc is the corner period defined in accordance with EN 1998-
1 :2004, 3.2.2.2, then 

Jid q (2.5) 

if T < To, then 

fid = (q- +1 -4 (2.6) 
T 

where q is the value of the behaviour factor assull1ed in the analysis that results in the 
value of dEc. 

NOTE Expression (2.6) provides a smooth transition between the 
is applicable for T;::: To, and the short period range (not typical to 
of a low q-value is expedient. For very small periods 0,033 
(see also 4.1.6(9»), giving: I'd 1. 

l'1f":>lY,,"n1" rule that 

(9)P When non-linear tilne-history analysis is used, the defonnation characteristics of 
the yielding Inembers shall approxinlate their actual post-elastic behaviour, both as far 
as the loading and unloading branches of the hysteresis loops are concenled, as wen as 
potential degradation effects (see 4.2.4.4). 
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(I)P Connections between supporting and supported menlbers shall be designed in 
order to ensure structural integrity and avoid unseating under extreme seismic 
displacements. 

(2) Unless otherwise specified in this Part, bearings, links and holding-down 
devices used for securing structural integrity, should be designed using capacity design 
effects (see 5.3, 6.6.2.1, 6.6.3.1 and 6.6.3.2). 

(3) In new bridges appropriate overlap lengths should be provided between 
supporting and supported nlenlbers at nloveable connections, in order to avoid 
unseating (see 6.6.4). 

(4) In retrofitting eXlst111g bridges as an alternative to the prOVIS]On of overlap 
length, positive linkage between supporting and supported nlembers l11ay be used (see 
6.6.1 (3)P and 6.6.3.1(1»). 

2.3.6.3 Control of displacements - Detailing 

(l)P In addition to ensuring the required overall ductility, structural and 11on
structural detailing of the bridge and its components shall be provided to acconlnlodate 
the displacements in the seisnlic design situation. 

(2)P Clearances shall be provided for protection of critical or nlajor structural 
melTlbers. Such clearances shall accolnlnodate the total design value of the displacement 
in the seisnlic design situation, dEd, detennined as follows: 

(2.7) 

where the following displacements shall be cOlnbined with the nl0st unfavourable sign: 

dE is the design seisnlic displacelnent in accordance with 2.3.6.1; 

dG is the long term displacenlent due to the pennanent and quasi-pennanent actions 
(e.g. post-tensioning, shrinkage and creep for concrete decks); 

dT is the displacement due to thermal movenlents; 

V/2 is the conlbination factor for the quasi-pernlanent value of thernlal action, 111 

accordance with EN 1990:2002, Tables A2.1, A2.2 or A2.3. 

Second order effects shall be taken into account in the calculation of the total design 
value of the displacenlent in the seislnic design situation, when such effects are 
significant. 

(3) The relative design seislnic displacenlent, dE, bet\veen two independent sections 
of a bridge nlay be estimated as the square root of the sunl of squares of the values of 
the design SeiS111ic disp]acelnent calculated for each section in accordance with 2.3.6.1. 

(4)P Large shock forces, caused by unpredictable impact between nlajor structural 
members, shall be prevented by nleans of ductile/resilient ll1elnbers or special energy 
absorbing devices (buffers). Such 111embers shall possess a slack at least equal to the 
total design value of the displacell1ent in the seisll1ic design situation, dEci. 
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(5) The detailing of non-critical structural conlponents (e.g. deck movement joints 
and abutnlent back-walls), expected to be damaged due to the design seisn1ic action, 
should cater for a predictable mode of danlage, and provide for the possibility of 
pernlanent repair. Clearances should accolnnl0date appropriate fractions of the design 
seisnlic displacement and of the thernlal nlovenlent, and PT, respectively, after 
allowing for any long tenn creep and shrinkage effects, so that danlage under frequent 
earthquakes is avoided. The appropriate values of such fractions Inay be chosen, based 
011 a judgement of the cost-effectiveness of the Ineasures taken to prevent damage. 

NOTE 1 The value ascribed to PE and Pr for use in a country in the absence of an explicit 
optimisation may be found in its National Annex. The recommended values are as follows: 
Pr. 0,4 (for the design seismic displacement); Pr = 0,5 (for the thermal movement). 

NOTE 2 At joints of railway bridges, transverse differential displacement may have to be either 
avoided or limited to values appropriate for preventing derailment. 

2.3.7 Simplified criteria 

(1) In cases of low seisll1icity, sinlplified design criteria may be established. 

NOTE 1: The selection of the categories of bridge, ground type and seismic zone in a country 
for which the provisions of 10\1-/ seismicity apply may be found in its National Annex. It is 
recommended that cases of low seismicity (and by consequence those of moderate to high 
seismicity) should be defined as recommended in the Note in EN 1998-1 :2004,3.2.1 (4). 

NOTE 2: Classification of bridges and simplified criteria for the seismic design pertaining to 
individual bridge classes in cases of low seismicity may be established by the National Annex. It 
is recommended that these simplified criteria are based on a limited ductile/essentially eJastic 
seismic behaviour of the bridge, for which no special ductility requirements are necessary. 

2.4 Conceptual design 

(1) Consideration of the implications of the seisnlic action at the conceptual stage of 
the design of bridges is inlportant, even in cases of low to n10derate seislnicity. 

(2) In cases of low SeiS111icity the type of intended seisnlic behaviour of the bridge 
(see 2.3.2) should be decided. If a linlited ductile (or essentially elastic) behaviour is 
selected, sinlplified criteria, in accordance with 2.3.7 ll1ay be applied. 

(3) In cases of moderate or high seislnicity, the selection of ductile behaviour is 
generally expedient. Its ill1plementation, either by providing for the fornlation of a 
dependable plastic nlechanism or by using seisnlic isolation and energy dissipation 
devices, should be decided. When a ductile behaviour is selected, (4) to (8) should be 
observed. 

(4) The nun-tber of suppOliing n1elnbers (piers and abutments) that will be used to 
resist the seislnic forces in the longitudinal and transverse directions should be decided. 
In general bridges with continuous deck behave better under seisn1ic conditions than 
those with ll1any nlovenlent joints. The optinlum post-elastic seismic behaviour is 
achieved jf plastic hinges develop approxinlately si111ultaneously in as 111any piers as 
possible. However, the l1U111ber of the piers that resist the seismic action n1ay have to be 
Jess than the totalnu111ber of piers, by using sliding or flexible mountings between the 
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deck and sonle piers in the longitudinal direction, to reduce the stresses arising from 
imposed deck defonuations due to thernlal actions, shrinkage and other non-seismic 
actions. 

(5) A balance should be nlaintamed between the strength and the t1exibility 
requirenlents of the horizontal supports. High flexibility reduces the magnitude of 
lateral torces induced by the design seislnic action but increases the nlovelnent at the 
joints and Inoveable bearings and Inay lead to high second order effects. 

(6) In the case of bridges with a continuous deck and with transverse stiffhess of the 
abutnlents and of the adjacent piers which is very high conlpared to that of the other 
piers (as may occur in steep-sided valleys), it luay be preferable to use transversally 
sliding or elastomeric bearings over the short piers or the abutnlents to avoid 
unfavourable distribution of the transverse seismic action anlong the piers and the 
abutments such as that exenlplified in Figure 2.6. 

(7) The locations selected for energy dissipation should be chosen so as to ensure 
accessibility for inspection and repair. Such locations should be clearly indicated in the 
appropriate design documents. 

(8) The location of areas of potential or expected seisillic datnage other than those 
in (7) should be identified and the difficulty of repairs should be 111iniluised. 

(9) In exceptionally long bridges, or in bridges crossing non-ho1110geneous soil 
formations, the number and location of intermediate nlovenlent joints should be 
decided. 

(10) In bridges crossing potentially active tectonic fau1ts, the probable discontinuity 
of the ground displacenlent should be estilnated and accOinmodated either by adequate 
flexibility of the stIucture or by provision of suitable nlovenlent joints. 

(11) The liquefaction potential of the foundation soil should be investigated 111 

accordance with the relevant provisions of EN 1998-5 :2004. 
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B - Plan 

Figure 2.6: Unfavourable distribution of transverse seismic action 
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(l)P The c01nplexity of the 1110del selected to describe the seis111ic action shall be 
appropriate to the relevant earthquake 1110tion to be described and the in1portance of the 
structure and commensurate with the sophistication of the model used in the analysis of 
the bridge. 

(2)P In this Section only the shaking transmitted by the ground to the structure is 
considered in the quantification of the seis111ic actio11. However, earthquakes can induce 
pennanent displacen1ents in soils arising fron1 ground failure or fault rupture. These 
displacen1ents n1ay result in ilnposed defonnations with severe consequences for 
bridges. This type of hazard shall be evaluated through specific studies. Its 
consequences shall be minin1ised by appropriate measures, such as selecting a suitable 
structural systenl. Tsunmni effects are not treated in this Standard. 

3.1.2 Application of the components of the motion 

(l)P In general only the three translational conlponents of the seismic action need to 
be taken into account for the design of bridges. When the response spectrU111 method is 
applied, the bridge may analysed separately for the translational conlponents of the 
seislnic action in the longitudinal, transverse and vertical directjons. Tn this case the 
seisn1ic action is represented by three one-coll1ponent actions, one for each direction, 
quantified in accordance with 3.2. The action shall be conlbined in accordance 
with 4.2.1.4. 

(2)P When non-linear tilne-history analysis is perforn1ed, the bridge shall be analysed 
under the silnultaneous action of the different cOlllponents. 

(3) The seismic action is applied at the interface between the structure and the 
ground. If springs are used to represent the soil stiffness either in connection with 
spread footings or with deep foundations, such as piles, shafts (caissons), etc. (see EN 
1998-5 :2004), the n10tioll is applied at the soil end of the springs. 

3.2 Quantification of the components 

3.2.1 General 

(l)P Each c01nponent of earthquake 1110tio11 shall be quantified in tenns of a 
response spectrun1, or a time-history representation (nlutually consistent) as set out in 

1998-1 :2004, Section 3, which also provides the basic definitions. 
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3.2.2 Site dependent elastic response spectrum 

3.2.2.1 Horizontal component 

(l)P The horizontal C0111pOnent shall be in accordance with 1998-1 :2004, 3.2.2.2~ 
depending on the ground type at the foundation of the supports of the bridge. When 
1110re than one ground types correspond to these supports, then 3.3 applies. 

3.2.2.2 Vertical component 

(l)P When the vertical component of the seismic motion needs to be taken into 
account 4.1. 7), the site-dependent response spectnln1 of this component shall be 
taken in accordance with EN 1998-1 :2004, 3.2.2.3. 

3.2.2.3 Near source effects 

(l)P Site-specific spectra considering near source shall be used, when the site 
is located within 10 kIn horizontally of a kno\vn active seis1110tectonic fault that nlay 
produce an event of M onlent Magnitude higher than 6,5. 

NOTE Unless the National Annex defines it is recolYlmended that a seismotectonic 
fault be considered 10 be active for the purposes of this requirement when there is an average 
historic rate of at least 1 mm/year and topographic evidence of seismic activity within the 
Holocene times (past 11000 years). 

3.2.3 Time-history representation 

(l)P \Vhen a non-linear til1le-history analysis is carried-out, at least three pairs of 
horizontal ground motion tin1e-history cOl1lponents shall be used. The pairs should be 
selected frOlTI recorded events with n1agnitudes, source distances, and mechanisnls 
consistent with those that define the design seisn1ic action. 

(2) When the required number of pairs of appropriate recorded ground 1110tions is 
not available, appropriate nl0dified recordings or sinlulated accelerograms 111ay replace 
the missing recorded Illotions. 

(3)P Consistency to the relevant 50/0 daillped elastic response spectrun1 of the design 
seismic action shall be established by scaling the amplitude of nl0tions as follows. 

a. For each earthquake consisting of a pair of horizontal motiol1s, the SRSS spectrum 
shall be established by taking the square root the sun1 of squares of the 
danlped spectra of each conlponent. 

b. The spectrun1 of the ensenlble of earthquakes shall be forn1ed by taking the average 
value of the SRSS spectra of the individual earthquakes of the previous step. 

c. The ensen1ble spectrunl shall be scaled so that it is not lower than 1,3 tinles the 5%
danlped elastic response spectrUl1l of the design seismic action, in the period range 
between 0,2 TI and ],5 TI, where is the natural period of the fundan1entall11ode of 
the structure in the case of a ductile bridge, or the effective period (Ten) of the 
isolation systenl in the case of a bridge with seisn1ic isolation (see 7.2). 
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d. The scaling factor derived fI'om the previous step shall be applied to all individual 
SeiS111ic Dl0tion components. 

(4) When the SRSS spectnlln of the con1ponents of a recorded accelerogral11 
accelerations the ratio of which to the corresponding values of the elastic response 
spectrunl of the design seisl11ic action shows large variation in the period range in (3)Pc, 
modification of the recorded accelerogram nlay be carried out, so that the SRSS 
spectrum of the 1110dified c0111ponents is in closer agreel11ent with the elastic response 
spectrunl of the design seismic action. 

(5)P The components of each pair oftiil1e-histories shall be applied simultaneously. 

(6) When three C0111pOnent ground n10tion tinle-history recordings are used for non
linear tinle-history analysis, scaling of the horizontal pairs of cOInponents may be 
carried out in accordance with (3)P, independently from the scaling of the vertical 
cOlnponents. The latter shall be effected so that the average of the relevant spectra of the 
ensen1ble is not lower by 1110re than 100/0 of the 5% d31nped elastic response spectrUl11 
of the vertical design seismic action in the period range between 0,2Tv and 1,5 Tv, where 
Tv is the period of the lowest nl0de where the response to the vertical component 
prevails over the response to the horizontal components (e.g, in ternlS of participating 
1nass). 

(7) The use of pairs of horizontal ground motion recordings in combination with 
vertical recordings of different seismic n10tions, consistent with the requirenlents of 
(I)P above, is also allowed. The independent scaling of the pairs of horizontal 
recordings and of the vertical recordings shall be carried out as in (6). 

(8) Modification of the recorded vertical component in (6) and (7) IS pern1itted 
using the lnethod specified in (4). 

3.2.4 Site dependent design spectrunl for linear analysis 

(l)P Both ductile and lin1ited ductile structures shall be designed by perforn1ing 
linear analysis using a reduced response spectrUln, called design spectrum, as specified 
by EN 1998-1 :2004, 3.2.2.5. 

3.3 Spatial variability of the seismic action 

(l)P For bridge sections with a continuous deck the spatial variability sha11 be 
considered when one or both of the following two conditions hold. 

Soil properties along the bridge vary to the extent that J110re than one ground types 
(as specified in EN 1998-1:2004, 3.1.1) cOlTespond to the supports of the bridge 
deck. 

- Soil properties along the bridge are approxin1ately unifornl, but the length of the 
continuous deck exceeds an appropriate limiting length, [lim. 

NOTE The value ascribed to Llim for use in a country may be found in its National Annex. The 
recommended value is: Llilll = L/1.5 where the length is defined in (6) below. 

(2)P The n10del describing spatial variability should account, even if only in a 
silnplified way, for the propagative character of the seislnic waves, as \vell as for the 
progressive loss of correlation between n10tions at different locations due to the randon1 
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non homogeneity of the soil, involving conlplex reflections and refractions of the 
waves. The model should also account, even only in a simplified way, for the further 
increase in loss of correlation due to differences in the mechanical properties of the soil 
along the bridge, which also nl0dify the frequency content fron1 one support to the 
other. 

NOTE Models of the spatial variability of the earthquake motions and appropriate methods of 
analysis are presented in informative Annex D. 

(3) Unless a n10re accurate evaluation is ll1ade, the silnplified method specified in 
the paragraphs (4) to (7) 111ay be used. 

(4) The inertia response should be accounted for by one of the methods specified in 
Section 4 (see 4.2.1, 4.2.3 and 4.2.4) using a single input seislnic action for the entire 
structure (e.g. a single response spectrull1 or corresponding accelerogran1 sets), 
corresponding to the most severe ground type unden1eath the bridge supports. 

(5) The spatial variation of the seislnic action may be estin1ated by pseudo-static 
effects of appropriate displacen1ent sets, inlposed at the foundation of the supports of 
the bridge deck. These sets should ref1ect probable configurations of the spatial 
variability of the seismic n10tio11 at free field and should be selected so as to induce 
n1aximunl values of the seisnlic action effect under investigation. 

(6) The requirenlents in (5) are deen1ed to be satisfied, by inlposing each of the 
following two sets of horizontal displacements, applied separately, in each horizontal 
direction of the analysis, on the relevant support foundations or on the soi 1 end of the 
relevant spring representing the soil stiffness. The effects of the two sets need not be 
conlbined. 

a. Set A 

Set A consists of relative displacenlents: 

app1 ied sin1ultaneously with the san1e sign (+ or -) to all supports of the bridge (1 to 11) 
in the horizontal direction considered (see Figure 3.1). 
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L 

Figure 3.1 : Disp]acement Set A 

dg is the design ground displacelTIent corresponding to the ground type of support i, 
in accordance with EN 1998-1 :2004, 3.2.2.4; 

Li is the distance (projection on the horizontal plane) of support i fron1 a reference 
support i = 0, that lTIay be conveniently selected at one of the end supports; 

Lg is the distance beyond which the ground nl0tions ll1ay be considered as 
con1pletely uncorrelated. 

NOTE 1: The value ascribed to Lg for llse in a country may be found in its National Annex. The 
recommended value is given in Table 3 .1K, depending on the ground type: 

Table 3.1N: distance beyond which oround motions may be considered uncorrelated 
Ground TeA BCD E 

(m) 600 400 300 500 

b. Set B 

Set B covers the influence of ground displacelnents occurring in opposite directions at 
adjacent piers. This is accounted for by assun1ing displacen1ents iJdj of any intermediate 
support i (>/) relative to its adjacent supports i-J and i+ 1 considered undisplaced (see 
Figure 3.1). 

where: 

Lav,i is the average of the distances Li-Li and Li,i+1 of intern1ediate support i to its 
adjacent supports i-I and i+ 1 respectively. For the end supports (0 and n) 

Lo 1 and Lav•n = Ln- l ,11; 

j3.. is a factor accounting for the n1agnitude of ground displacen1ents occurring in 
opposite direction at adjacent supports. 

NOTE 2: The value ascribed to A, for use in a country may be found in its National Annex. The 
recommended value is: 
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fir 0.5 when all three supports have the same ground type 

fir = 1.0 when the ground type at one of the supports is different than at the other two. 

fir is as defined for set A above. If a change of ground type appears between two 
supports, the nlaxin1um value of fir should be used. 

Set B consists of the following configuration of imposed absolute displacenlents with 
opposed sign at adjacent supports i and i+ 1, for i 0 to n-l (see Figure 3.2). 

d i 

di+ I ±L1di+ 1/2 

Figure 3.2 : Displacement Set B 

(7)P In each horizontal direction the 1110st severe effects resulting frOlTI the pseudo 
static analyses of (5) and (6) shall be conlbined with the re1evant effects of the inertia 
response of (4), by using the SSRS rule (square root of the sunl of squares). The result 
of this cOl11bination constitutes the effects of the analysis in the direction considered. 
For the cOlnbinatiol1 of the effects of the different conlponents of seisnlic action, the 
rules of 4.2.1.4 are applicable. 

(8) When tilne-history analysis is perfonned the seis111ic motions applied at each 
support should ref1ect with sufficient reliability the probable spatial variability of the 
seisnlic action. 

NOTE Guidance for generating samples of seismic motion the probable spatial 
variability is in 0.2 of lnfonnative Annex D. 
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(l)P The nlodel of the bridge and the selection of the dynanlic degrees of freedom 
shall represent the distribution of stiffness and nlass so that all significant deformation 
nl0des and inertia forces are activated under the design seisnlic excitation. 

(2) It is sufficient, in certain cases, to use two separate models in the analysis, one 
for tllodel1ing the response in the longitudinal direction of the bridge, and the other for 
the transverse direction. The cases when it is necessary to consider the vertical 
conlponent of the seisnlic action are defined in 4.1.7. 

4.1.2 Masses 

(l)P The l11ean values of the permanent masses and the quasi-permanent values of the 
JllaSSeS corresponding to the variable actions shall be considered. 

(2) Distributed nlasses 111ay be lumped at nodes in accordance with the selected 
degrees of freedoll1. 

(3)P For design purposes the lllean values of the pernlanent actions shall be taken 
equal to their characteristic values. 

(4)P The quasi-pernlanent values of variable actions shall be taken as equal to 
If/2, I Qk, I \vhere QkJ is the characteristic value of traffic load. 

NOTE The value ascribed to: WJ..! for use in a country may be found in its National Annex. The 
recommended values are: 

Bridges with normal traffic and footbridges. In general and in accordance with the 
recommendation of EN 1990:2002, Annex A2, 

Bridges with severe traffic and for the UDL system of Modell (LM I) 

Road bridges Ij/'}..I 

Railway bridges 1,1/2.1 0,3. 

Road bridges with severe traffic conditions may be considered as applying to motorways and 
other roads of national importance. Railway bridges with severe traffic conditions may be 
considered as applying to inter-city rail links and higb speed railways. 

When llsing 
1991-2:2003 

the adjustment factors {XQ and uq should be applied in accordance with EN 

(5) When the piers are immersed in water, and unless a lllore accurate assessnlent of 
the hydrodynanlic interaction is lllade, this effect 111ay be esti111ated by taking into 
account an added nlass of entrained water acting in the horizontal directions per unit 
length of the inl111ersed pier. The hydrodynanlic influence on the vertical SeiS111ic action 
may be omitted. 

NOTE Informative Annex F a procedure for the calculation of the added mass of 
entrained water in the horizontal directions, for immersed piers. 
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4.1.3 Damping of the structure and stiffness of members 

(1) When response spectrum analysis is used, the following values of equivalent 
viscous danlping ratio ~ may be assull1ed, on the basis of the nlaterial of the l11enlbers 
where the larger part of the defonl1ation energy is dissipated during the seisnlic 
response. In general this will occur in the piers. 

Welded steel 0,02 

Bolted steel 0,04 

Reinforced concrete 0,05 

Prestressed concrete 0,02 

NOTE \Vhen the structure comprises several components i with different viscolls damping 

ratios, ;i, the effective viscous damping of the structure may be estimated as: 

I¢jE tli 
~L'rr ---

is the deformation energy induced in component i by the seismic action. Effective 
f1c:ll1"1f'\l1-HT ratios may be conveniently estimated for each eigenmode, on the basis of the 
relevant value of Edi . 

(2) Menlber stiffness 111ay be estilnated in accordance with 2.3.6.1. 

(3) In concrete decks consisting of precast concrete beanlS and cast in-situ slabs, 
continuity slabs (see 2.3.2.2(4») should be included in the model of seisnlic analysis, 
taking into account their eccentricity relative to the deck axis and a reduced value of 
their flexural stiffness. Unless this stiffness is estinlated on the basis of the rotation of 
the relevant plastic a value of 250/0 of the flexural stiffness of the uncracked 
gross concrete section lnay be used. 

(4) For second order effects 2.4 (5) and 5.4 (1) apply. Significant second order 
effects nlay occur in bridges with slender piers and in special bridges, like arch and 
cable-stayed bridges. 

4.1.4 l\lodelling of the soil 

(l)P For the seisll1ic analysis of the global systenl, the supporting l11enlbers which 
transn1it the SeiS111ic action fron1 the soil to the deck shall, in be assumed as 
fixed relative to the foundation soil (see 3.1.2(3»). Soil-structure interaction effects 111ay 
be considered in accordance with EN 1998-5 :2004, using appropriate il11pedances or 
appropriately defined soil springs. 

(2) Soil-structure interaction effects should always be accounted for in piers 
under the action of a unit horizontal load in a given direction at the top of the the 
soil flexibility contributes n10re than 200/0 of the total displacelnent at the top of the pier. 

46 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

(3) Effects of soil-structure interaction on piles or shafts (caissons) shal1 be 
deternlined in accordance with EN 1998-5:2004, 5.4.2, taking into account the 
provisions of 6.4.2. 

(4) In cases in which it is difficult to estinlate reliably the 111echanical properties of 
the soil, the analysis should be carried out using the estimated probable highest and 
lowest values. High estilnates of soil stiffness should be used for calculating the internal 
forces and low estimates for calculating the displacenlents of the bridge. 

4.1.5 Torsional effects 

(1)P Torsional 1110t10ns of the bridge about a vertical axis shall be considered only in 
skewed bridges (skew angle rp> 20° ) and bridges with a ratio BIL> 2,0. 

NOTE Such bridges tend to rotate about the vertical axis, even when the centre of mass 
theoretically coincides with the centre of stiffness. is the total length of the continuous deck 
and B is the width of the deck). 

B 

Figure 4.1: Ske,Yed bridge 

(2) Highly skewed bridges (rp > 45°) should in general be avoided in high seislnicity 
regions. If this is not possible, and the bridge is supported on the abutnlents through 
bearings, the actual horizontal stiffness of the bearings should be accurately 1110del1ed, 
taking into account the concentration of vertical reactions near the obtuse angles. 
Alternatively, an increased accidental eccentricity ll1ay be used. 

(3)P When using the Fundamental Mode Method (see 4.2.2) for the design of skewed 
bridges, the following equivalent static lTIOn1ent shall be considered to act about the 
vertical axis at the centre of gravity of the deck: 

Aft =±Fe (4.1 ) 

where: 

F is the horizontal force determined in accordance with expression (4.12); 

ea 0,03L or 0,03B is the accidental eccentricity of the mass; and 

47 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

ed 0,05L or 0,05B is an additional eccentricity reflecting the dynalnic effect of 
sinlultaneous translational and torsional vibration. 

For the calculation of ea and ed the din1ension L or B transverse to the direction of 
excitation shall be used. 

(4) When using a Full Dyna111ic Model (space model), the dYl1aInic part of the 
torsional excitation is taken il1tO account if the centre of n1ass is displaced by the 
accidental eccentricity ea in the nlost unfavourable direction and sense. However, the 
torsional effects Inay also be estimated using the static torsional n101nent of expression 
(4.1 ). 

(5)P The torsional resistance of a bridge structure shall not rely on the torsional 
rigidity of a single pier. In single span bridges the bearings shall be designed to resist 
the torsional effects. 

4.1.6 Behaviour factors for linear analysis 

(l)P The reference procedure of the present standard is a response spectnnn analysis 
for the design spectrun1 defined in EN 1998-1 :2004, 3.2.2.5 3.2.4(1)). The 
behaviour factor is defined globally for the entire structure and reflects its ductility 
capacity, i.e. the capability of the ductile men1bers to withstand, with acceptable 
danlage but without failure, SeiS111ic actions in the post-elastic range. The available 
levels of ductility are specified in 2.3.2. The capability of ductile 111elnbers to develop 
flexural plastic hinges is an essential requirenlent for the application of the values of the 
behaviour factor q specified in Table 4.1 for ductile behaviour. 

NOTE The linear analysis method, sufficiently conservative global force reduction factors 
(behaviour t~tctors as defined by Table 4.1), is generally considered to be a reasonable 
compromise between the uncertainties intrinsic to the seismic problem and the relevant 
admissible errors on the one hand and the required effort for the and design on the 
other. 

(2) This required capability of ductile menlbers to develop flexural plastic hinges is 
deenled to be ensured when the detailing rules of Section 6 are followed and capacity 
design in accordance with 5.3 is perforn1ed. 

(3)P The nlaxinlu111 values of the behaviour factor q which nlay be used for the two 
horizontal seisnlic c01nponents are specified in Table 4.1, depending on the post-elastic 
behaviour of the ductile nlenlbers where the main energy dissipation takes place. If a 
bridge has various types of ductile members, the behaviour factor q conesponding to 
tbe type-group with the nlajor contribution to the seisnlic resistance shall be used. 
Different values of the behaviour factor q may be used in each of the two horizontal 
directions. 

NOTE Use of behaviour factor values less than the maximum allowable specitled in Table 
will normally lead to reduced ductility demands, implying in a reduction of potential 
damage. Such a lise is therefore at the discretion of the designer and the owner. 
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Table 4.1: j\;laximum values of the behaviour factor q 

Type of Ductile Menlbers Seisnlic Behaviour 
Linlited Ductile 
Ductile 

Reinforced concrete piers: 
Vertical piers in bending 1,5 J(as) 

Inclined struts in bending 1,2 2,1 },,(as) 

Steel Piers: 
Vertical piers in bending 1,5 3,5 
Inclined struts in bending 1,2 2,0 
Piers with nornlal bracing 1,5 2,5 
Piers with eccentric bracing 3,5 

Abutnlents rigidly connected to the deck: 
In general 1,5 1,5 
Locked-in structures (see. 4.1.6(9), (10)) LO 1,0 

Arches 1,2 2,0 

* as= LJh is the shear span ratio of the pier, vvhere Ls is the distance from 
the plastic hinge to the point of zero l1lonlent and h is the depth of the 
cross-section in the djrection of flexure of the plastic hinge. 
F or as 2 3 )~( as) I ,0 

3 as?: 1,0 A(as) ff 
NOTE In piers of rectangular shape, when under the seismic action in the direction under 

consideration, the compression zone has triangular shape, the minimum of the values of as, 
corresponding to the two sides of the section, should be used. 

(4) For all bridges vvith regular seislnic behaviour as specified in 4.1.8, the values of 
the q-factor specified in Table 4.1 for Ductile Behaviour nlay be used without any 
special verification of the available ductility, provided that the detailing requirenlents 
specified in Section 6 are nlet. When only the requirements specified in 6.5 are Illet, the 
values of the q-factor specified in Table 4.1 for Lilnited Ductile Behaviour nlay be used 
without any special verification of the available ductility, regardless of the regularity or 
irregularity of the bridge. 

(5)P For reinforced concrete ductile nlelTlbers the values of q-factors specified in 
Table 4.1 are valid \vhen the nonnalised axial force 7]k defined in 5.3(4) does not exceed 
0,30. If 0,30 7]k 0,60 even in a single ductile nlenlber, the value of the behaviour 
factor shall be reduced to: 

q '7k - 0,3 ( -1);::: 1 ° 
03 q , , 

(4.2) 
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A value for qr I ,0 (elastic behaviour) should be used for bridges in \vhich the seisnlic 

force resisting system contains nlenlbers with Ilk 0,6. 

(6) The values of the q-factor for Ductile Behaviour specified in Table 4.1 may be 
used only if the locations of all the relevant plastic hinges are accessible for inspection 
and repair. Otherwise, the values of Table 4.1 shall be multiplied by 0,6; however, final 
q-values less than 1,0 need not be used. 

NOTE The term "accessible", as used in the paragraph has the of "accessibJe 
even \\lith reasonable difficulty". The foot of a pier shaf110cated in backfill, even at substantial 
depth, is considered to be "accessible". On the contrary, the foot of a shaft immersed in 
deep \-vater, or the heads of beneath a pile cap, should not be considered as 
"accessible". 

(7) When energy dissipation is intended to occur at plastic hinges located in piles 
designed for ductile behaviour, and at points which are 110t accessible, the final q-value 
to be used need not be less than 2,1 for vertical piles and 1,5 for inclined piles (see also 

1998-5:2004,5.4.2(5)). 

(8) Subclause 2.3.2.2( 4)P applies for plastic hinge fonnation in the deck. 

NOTE The potential formation of plastic hinges in secondary deck members (continuity slabs) is 
allowed in this case, but should not be relied upon to increase the value 

(9) Bridge structures the Inass of which essentially follows the horizontal seisnlic 
nlotion of the ground ('''locked-in'' structures) do not experience significant 
anlplification of the horizontal ground acceleration. Such structures are characterised by 
a very low value of the natural period in the horizontal directions (T :;; 0,03 s). The 
inertial response of these structures in the horizontal directions may be assessed by 
calculating the horizontal inertia forces directly fron1 the design seislnic ground 
acceleration and q = 1. Abutn1ents flexibly connected to the deck belong to this 
category. 

(l0) Bridge structures consisting of an essentially horizontal deck rigidly connected 
to both abutments (either 1110nolithically or through fixed bearings or links), may be 
considered to belong to the category of (9) irrespective of the value of the natural 
period, if the abutlnents are en1bedded in stiff natural soil fOlmations over at least 80 0/0 
of their lateral area. If these conditions are not nlet, then the interactiol1 with the soil at 
the abutn1ents should be included in the Inodel, using realistic soil stiffness parmneters. 
If T> 0,03 s, then the design spectn.ll11 defined in EN 1998-1 :2004, 3.2.2.5 should be 
used with q = 1,50. 

(ll)P When the main part of design seisn1ic action is resisted by elaston1eric 
bearings, the flexibility of the bearings leads to a practically elastic behaviour of the 
systeln. Such bridges shall be designed in accordance with Section 7. 
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(l2)P The behaviour factor for the analysis in the veliical direction shall always be 
taken as equal to 1,0. 

4.1. 7 Vertical component of the seismic action 

(1) The effects of the vertical seisn1ic con1ponent on the piers may be omitted in 
cases of low and Inoderate seislnicity. In zones of high SeiS1l1icity these effects need 
only be taken into account if the piers are subjected to high bending stresses due to 
vertical pern1anent actions of the deck, or when the bridge is located wi thin 5 k111 of an 
active seisn10tectonic fault, with the vertical seismic action detern1ined in accordance 
with 3.2.2.3 

(2)P The effects of the vertical seisn1ic c0111ponent acting in the upward direction on 
prestressed concrete decks, shall be always taken into account. 

(3)P The effects of the vertical seis111ic con1ponent on bearings and links shall always 
be taken into account. 

(4) The estin1ation of the effects of the vertical c0111ponent may be carried out using 
the Fundal11ental Mode Method and the Flexible Deck Model (see 4.2.2.4). 

4.1.8 Regular and irregular seismic behaviour of ductile bridges 

(I) Designating by ~t\1Ed,i the n1aximun1 value of design moment at the intended 
plastic hinge location of ductile member i as derived fron1 the analysis for the seisll1ic 
design situation and by MRd.i the design flexural resistance of the same section with its 
actual reinforcen1ent under the concurrent action of non-seisn1ic action effects in the 
seismic design situation, then the local force reduction factor rj associated with member 
i, under the specific seislnic action is defined as: 

MEd-i 
r =- q--. (4.3) 

1 ~t\1 Rd.i 

Note 1 Since j\.1Ecli ::; J\4Rcli , it fol1ows that rj q 

Note 2 When in a regular bridge the maximum value of I'j among all ductile members, rmax , is 
substantially lower than q, the design cannot fulJy exploit the allowable maximum 
\,yhen rm<l,( = 1,0 the bridge responds elastically to the earthquake considered. 

(2)P A bridge shall be considered to have regular seislnic behaviour in the considered 
horizontal direction, when the following condition is satisfied 

p 

where: 

rmax < p 
- 0 

rmin 

rmin is the 111inimuln value of nand 

rmax is the n1axinlU1n value of l'i an10ng aJl ductile Inen1bers i, and; 

(4.4) 

po is a lilnit value selected so as to ensure that sequential yielding of the ductile 
Inelnbers wi11 not cause unacceptably high ductility demands on one n1en1ber. 
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NOTE The value ascribed to Po for use in a country may be in found in its National Annex. The 

recommended value is Po = 2,0. 

(3) One or more ductile members (piers) nlay be exen1pted frol11 the above 
ca1culation of rmin and r lllJX , if their total shear contribution does not exceed 200/0 of the 
total SeiS111ic shear in the considered horizontal direction. 

(4)P Bridges that do not conform to expression (4.4), shall be considered to have 
irregular seisnlic behaviour, in the considered horizontal direction. Such bridges shall 
either be designed using a reduced q-value: 

q q ~ 1,0 (4.5) ,. p 

or shall be designed based on results of non-linear analysis in accordance with 4.1.9. 

4.1.9 Non-linear analysis of irregular bridges 

(l) In bridges of irregular seisnlic behaviour, the sequential yielding of the ductile 
menlbers (piers) l11ay cause substantial deviations of the results of the equivalent linear 
ana1ysis pertornled with the assun1ption of a global force reduction factor q (behaviour 
factor) fron1 those of the non-linear response of the bridge structure. The deviations are 
due nlainly to the following effects. 

- The plastic hinges which appear first usually develop the maXin1U111 post-elastic 
strains, which l11ay lead to concentration of unacceptably high ductility demands in 
these hinges; 

Following the fonTIation of the first plastic hinges (normally in the stitTer 111enlbers), 
the distribution of stiffnesses and hence of forces nlay change fron1 that predicted by 
the equivalent linear analysis. This n1ay lead to a substantial change in the assUJlled 
pattern of plastic hinges. 

(2) In general the realistic response of irregular bridges under the design seisnl1c 
action nlay be estin1ated by means of a dynanlic non-linear tinle-history analysis, 
perforn1ed in accordance with 4.2.4. 

(3) An approxinlation of the non-linear response may also be obtained by a 
cOl11bination of an equivalent linear analysis with a non-linear static analysis (pushover 
analysis) in accordance with 4.2.5. 

4.2 Methods of analysis 

4.2.1 Linear dynamic analysis - Response spectrum method 

4.2.1.1 Definition and field of application 

(1) The Response Spectnull Analysis is an elastic calculation of the peak dynanlic 
responses of all significant nlodes of the structure, using the ordinates of the site
dependent design spectrum (see EN 1998-1:2004, 3.2.2.5). The overall response is 
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obtained by statistical cOlnbination of the maXinlU111 nlodal contributions. Such an 
analysis lTIay be applied in all cases in which a linear analysis is allowed. 

(2)P The earthquake action effects shall be deternlined tl'om an appropriate discrete 
linear nlodel (Full DynalTIic Model), idealised in accordance with the laws of mechanics 
and the principles of structural analysis, and conlpatible with an associated idealisation 
of the seislnic action. In general this nl0del is a space model. 

4.2.1.2 Significant modes 

(l)P All modes nlaking significant contribution to the total stnlctural response shall 
be taken into account. 

(2) For bridges in which the total nlass IV! can be considered as a sum of tletTective 
InodallTIaSSeS" M, the criterion (1) is deelTIed to be satisfied if the sunl of the effective 
modal lTIaSSeS for the 1110des considered, (Ilvt.)c, amounts to at least 90% of the total 
lTIaSS of the bridge. 

(3) If the condition (2) is not satisfied after consideration of all modes with T ~ 
0,033 sec, the nunlber of tTIodes considered 111ay be deenled acceptable provided tbat 
both of the following conditions are satisfied: 

- (IU)cIM~ 0,70 

- The final values of the seismic action effects are Inu1tiplied by M!(IMj)c 

4.2.1.3 Combination of modal responses 

(l)P In general the probable maxilnum value E of a seisnlic action effect (force, 
displacenlent etc.), shall be taken as equal to the square root of the sunl of squares of the 
l1lodal responses, Ei (SRSS-rule) 

(4.6) 

This action effect shall be assumed to act with plus and Ininus signs. 

(2)P When two nlodes have closely spaced natural periods the SRSS rule (expression 
(4.6)) is unconservative and nl0re accurate rules shall be applied. Two natural periods, 
Ti, Tj, ll1ay be considered as closely spaced natural periods if they satisfy the condition: 

---==< p.. TIT::; 1 + 10~F;:. 
- IJ 1 J I.::; II.::; J (4.7) 

where ~i and (j are the viscous dmnping ratios of In odes i and) respectively (see (3)),. 

(3) For any two lTIodes satisfying expression (4.7), the nlethod of the Con1plete 
Quadratic COlnbination (CQC) lnay be used instead of the SRSS rule: 

= (4.8) 

with: i 1 ... 11 ,j 1 ... n 
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In expression (4.8) rij is the correlation factor: 

,... 
1.1 

where: 

+ ~'.:2) 2 
S j . P" 

lJ 

(4.9) 

c;i, ~i are the viscous damping ratios i corresponding to modes i and j respectively. 

NOTE Expression (4.9) 

4.2.1.4 Combination of the components of the seismic action 

(1) The probable lnaxinlunl action effect E, due to the simultaneous occurrence of 
the components of the seisnlic action along the horizontal axes X and Yand the vertical 
axis Z, may be estimated in accordance with EN 1998-1: 2004, 4.3.3.5.2(4), i.e. through 
application of the SRSS rule to the nlaxllllum action effects Ex, and Ez due to 
independent seisl11ic action along each axis: 

E= (4.1 0) 

(2) Again in accordance with 1998-1: 2004,4.3.3.5.2(4), the probable nlaxil11ulll 
action effect E nlay be taken as the n10st adverse of the effects calculated frOITI EN 
1998-1 : 2004, expressions (4.18)-(4.22). 

4.2.2 Fundamental nlode method 

4.2.2.1 Definition 

(1) In the FundanlentallTIode method, equivalent static seisnlic forces are derived 
frOITI the inertia forces cOlTesponding to the fundmTIental mode and natural period of the 
structure in the direction under consideration, using the relevant ordinate of the site 
dependent design spectrum. The method also includes sinlp1ifications regarding the 
shape of the first mode and the estimation of the fundamental period. 

(2) Depending on the particular characteristics of the bridge, this method may be 
applied using three different approaches for the nlodel, nalTIely: 

- the Rigid Deck Model 

the Flexible Deck Model 

the Individual Pier Model 

(3)P The rules of 4.2.1.4 for the combination of the c0111ponents of SeiS111ic action 
shall be applied. 
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(l) The method may be applied in all cases in which the dynmnic behaviour of the 
structure can be sufficiently approxitnated by a single dynanlic degree of freedonl 
model. This condition is considered to satisfied in the following cases. 

(a) In the longitudinal direction of approxin1ately straight bridges with continuous 
deck, when the seisnlic forces are calTied by piers the total Inass of which is less than 
20% of the 111ass of the deck. 

(b) In the transverse direction of case (a), if the structural systen1 is approximately 
synl111etric about the centre of the deck, i.e. when the theoretical eccentricity eo between 
the centre of stiffness of the supporting 11len1bers and the centre of mass of the deck 
does not exceed 5% of the length of the deck (L). 

(c) In the case of piers canying silnply-supported spans, if 110 significant interaction 
between piers is expected and the total mass of each pier is less than 20% of the 
tributary 11lass of the deck. 

4.2.2.3 Rigid deck model 

(1) This 1110 de 1 nlay only be applied, when, under the seismic action, the 
deformation of the deck within a horizontal plane is negligible conlpared to the 
horizontal dispiacelnents of the pier tops. This condition is always nlet in the 
longitudinal direction of approximately straight bridges with continuous deck. In the 
transverse direction the deck may be assu111ed rigid either if LIB s 4,0, or if the 
following condition is satisfied: 

(4.l1) 

where: 

L is the total length of the continuous deck; 

B is the width of the deck; and 

Ltd and da are respectively the maxilnUln ditTerence and the average of the 
displacelnents in the transverse direction of all pier tops under the transverse 
seisnlic action, or under the action of a transverse load of similar distribution. 

(2)P The earthquake effects shall be detennined by applying a horizontal equivalent 
static force at the deck given by the expression: 

(4.12) 

where: 

M is the total effective nlass of the structure, equal to the 111ass of the deck plus the 
ll1ass of the upper half of the piers; 

Sd(T) is the spectral acceleration of the design spectrull1 (EN 1998-1 :2004, 3.2.2.5) 
con-esponding to the fundmnental period T of the bridge, estinlated as: 

55 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

T= (4.13) 

where K=IK is the stiffness of the systenl, equal to the SUlTI of the stiffnesses of the 
resistingmenlbers. 

(3) In the transverse direction the force F nlay be distributed along the deck 
proportionally to the distribution of the effective masses. 

4.2.2.4 Flexible deck model 

(l)P The Flexible Deck Model shal1 be used vvhen expression (4.11) is not satisfied. 

(2) Unless a nl0re accurate calculation is made, the fundamental period of the 
structure in the horizontal direction considered, may be estimated via the Rayleigh 
quotient, using a generalised single-degree-of-freedonl system, as follows: 

( 4.14) 

where: 

Mi j s the Inass at the i-th nodal point 

di is the displacenlent in the direction under exan1ination when the structure is 
acted upon by forces gU acting at all nodal points in the horizontal direction 
considered. 

(3)P The earthquake effects shall be detennined by applying horizontal forces Fi at 
all nodal points given by: 

M· I (4.15) 

where: 

T is the period of the fundan1ental nlode of vibration for the horizontal direction 
considered, 

Mi is the mass concentrated at the i-th point, 

di is the displacement of the i-th nodal point in an approximation of the shape of 
the first mode (nlay be taken as equal to the values detennined in (2) above), 

Sd(T) is the spectral acceleration of the design spectrUlTI (EN 1998-1 :2004, 3.2.2.5), 
and 

g is the acceleration of gravity. 
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4.2.2.5 Torsional effects in the transverse direction (rotation about the vertical 
axis) 

(1) When the Rigid or the Flexible Deck Model is used in the transverse direction of 
a bridge, torsional effects nlay be estinlated by applying a static torsional nloment Mt in 

accordance with expression (4.1) of 4.1.S(3)P. The relevant eccentricity shall be 
estimated as follows: 

( 4.16) 

where: 

eo is the theoretical eccentricity (see case (b) of 4.2.2.2(1)) 

ea 0,05L is an additional eccentricity accounting for accidental and dynamic 

amplification effects 

(2) The force F may be detennined either frOln expression (4.12), or as IFi from 
expression (4.15). The nlonlent M

t 
may be distributed to the supporting nlenlbers using 

the Rigid Deck Model. 

4.2.2.6 Individual pier model 

(1) In some cases the seismic action in the transverse direction of the bridge is 
resisted nlainly by the piers, without significant interaction between adjacent piers. In 
such cases the seislnic action effects acting in the i-th pier Inay be approxinlated by 
applying on it an equivalent static force: 

( 4.17) 

where 

M is the effective nlass attributed to pier i and 

( 4.18) 

is the fundanlental period of the sanle pier, considered independently of the rest of the 
bridge. 

(2) This simplification may be applied as a first approximation for prel iminary 
analyses, when the following condition is met by the results of expression (4.18) for a11 
adjacent piers i and i+ 1: 

0,90 :::; T/Ti+l :::; 1,10 ( 4.19) 

Otherwise a redistribution of the effective masses attributed to each pier is required, 
leading to the satisfaction of the above condition. 
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4.2.3 Alternative linear methods 

4.2.3.1 Time series analysis 

(l)P In a tinle series analysis, the design seisinic action shall be taken as the average 
of the extrenle response con1puted for each accelerogranl in a set of tinle-histories 
considered. Subclause 3.2.3 applies for the choice of time-histories. 

4.2.4 Non-linear dynamic time-history analysis 

4.2.4.1 General 

(I)P The time dependent response of the structure shall be obtained through direct 
llunlericaJ integration of its non-linear differential equations of ITIotion. The seismic 
input shall consist of ground Illotion tinle-histories (accelerogran1s, see 3.2.3). The 
effects of gravity loads and of the other quasi-pern1anent actions in the seismic design 
situation, as well as second order effects, shall be taken into account. 

(2)P Unless otherwise specified in this Part, this method can be used only in 
combination with a standard response spectrun1 analysis to provide insight into the post 
-elastic response and comparison between required and available local ductility 
den1ands. Generally, the results of the non-linear analysis shall not be used to relax 
requirenlents resulting frOln the response spectrum analysis. Ho\vever, in the cases of 
bridges with isolating devices (see Section 7) or ilTegular bridges (see 4.1.8) lower 
values estimated froll1 a rigorous time-history analysis n1ay be substituted for the results 
of the response spectrUln analysis. 

4.2.4.2 Ground motions and design combination 

(l)P The provisions of 3.2.3 apply. 

(2)P The provisions of 5.5(1) and 4.1.2 apply. 

4.2.4.3 Design action effects 

(l)P When non-linear dynatnic analysis is perfornled for at least seven independent 
pairs of horizontal ground nlotions, the average of the individual responses nlay be used 
as the design value of the action effects, except if otherwise required in this part. When 
less than seven non-linear dynanlic analyses are perfonned for the corresponding 
independent pairs of input ITIotions, the n1axinlU111 responses of the ensemble should be 
used as design action effects. 

4.2.4.4 Ductile structures 

(1) Objectives 

The 111ain objectives 
following. 
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The identification of the actual pattern of plastic hinge formation 

The estilnation and verification of the probable post-yield deformation demands in 
plastic hinges and the estimation of the displacenlent denlands 

- The deternlination of the strength requirements for the prevention of non-ducti Ie 
failure modes in the superstructure and for the verification of the soiL 

(2) Requirements 

For a ductile structure subjected to high local ductility denlands, achievenlent of the 
above objectives requires the following. 

(a) A realistic identification of the extent of the structure that remains elastic. Such 
Text deleted(f!jJ identification should be based on probable values of the yield stresses 

and strains of the materials. 

(b) In the regions of plastic hinges, the stress-strain diagrams for both concrete and 
reinforcelnent or structural steel, should reflect the probable post-yield behaviour, 
taking into account confinelnent of concrete, when relevant, and strain hardening and/or 
local buckling effects for steel. The shape of hysteresis loops should be properly 
modelled, taking into account strength and stiffness degradation and hysteretic 
pinching, if indicated by appropriate laboratory tests. 

( c) The verification that defornlation den1ands are safely lower than the capacities 
of the plastic hinges, should be performed by conlparing plastic hinge rotation demands, 
~),E' to the relevant design rotation capacities, Bp.d, as follows: 

( 4.20) 

The design values of the plastic rotatio11 capacities, Bp.d, should be derived from relevant 
test results or calculated fron1 ultilllate curvatures, by dividing the probable value ~).1I by 
a factor, rk,p, that reflects local defects of the structure, uncertainties of the model and/or 
the dispersion of relevant test results, as follows: 

e d = p, (4.21 ) 

The san1e condition should be checked for other defonnation demands and capacities of 
dissipative zones of steel structures (e.g. elongation of tensile nlembers in diagonals and 
shear defornlation of shear panels in eccentric bracings). 

NOTE Informative Annex E information for the estimation of ~)d and for }kp 

(d) Member strength verification against bending with axial force is not needed, as 
such a verification is inherent in the non-linear analysis procedure according to (a) 
above. However it should be verified that no significant yield occurs in the deck 
(5.6.3.6(1)P and (2)). 

(e) Verification of n1en1bers against non-ductile failure 1110des (sl1ear of ll1embers 
and shear in joints adjacent to plastic hinges), as well as of foundation failure, should be 
perfonned in accordance with the relevant rules of Section 5. The capacity design action 
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effects should be taken as the action effects resulting fr0111 the non-linear analysis 
nlultiplied by )'Bdl, in accordance with 5.6.2(2)Pb. These values should not exceed the 
design resistances Rd (= R1j YM) of the corresponding sections, i.e.: 

( 4.22) 

4.2.4.5 Bridges with seismic isolation 

(I) The objective of the analysis In this case IS the realistic asseSSll1ent of the 
displacement and force denlands: 

properly taking into account the effect of the variability of the propeliies of the 
isolators, and 

ensuring that the isolated structure rel11ains essentially elastic 

(2) The provisions of Section 7 apply. 

4.2.5 Static non-linear analysis (pushover analysis) 

(l)P Pushover analysis is a static non-linear analysis of the structure under constant 
vertical (gravity) loads and nl0notonically increased horizontal loads, representing the 
effect of a horizontal seisnlic conlponent. Second order effects shall be accounted for. 
The horizontal loads are increased until a target displacenlent is reached at a reference 
point. 

(2) The l11ain objectives of the analysis are the following. 

The estinlation of the sequence and the final pattern of plastic hinge fornlation; 

The estil11ation of the redistribution of forces fol1owing the fornlation of plastic 
hinges; 

The assessnlent of the force-displacenlent curve of the structure ("capacity curve") 
and of the defornlation denlands of the plastic hinges up to the target displacenlent. 

(3) The nlethod nlay be applied to the entire bridge structure or to individual 
C0111pOnents. 

(4) The requirenlents of 4.2.4.4(2) apply, with the exception of the requireIl1ent for 
1110dell ing of the hysteresis loop shape in 4.2.4.4(2)b. 
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NOTE 1 A recommended procedure for the application of this method is given in Informative 
Annex H. 

NOTE 2 It is noted that a static non-linear (pushover) analysis, such as the one given in Annex 
H, leads to realistic results in structures, lhe response of which to lhe horizontal seismic action in 
the direction considered can be reasonably approximated by a generalized one degree of freedom 
system. Assuming the influence of the pier masses to be minor, the above condition is always 
met in the longitudinal direction of approximately straight bridges. The condition is also met in 
the transverse direction, when the distribution of the stiffness of piers along the bridge provides 
a more or less uniform lateral support to a relatively stiff deck. This is the most common case for 
bridges wbere the height of the piers decreases towards the abutments or does not present 
intense variations. When, however, the bridge has one exceptionally stiff and unyielding pier, 
located between groups of regular piers, the system cannot be approximated in the transverse 
direction by a single-degree-of-freedom and the pushover analysis may not lead to realistic 
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results. A similar exception holds for long bridges, when very stiff piers are located between 
of regular ones, or in bridges in which the mass of some piers has a significant effect on 

dynamic behaviour, in either of the two directions. Such irregular arrangements may be 
avoided, e.g. by providing sliding connection between the deck and the pier(s) causing the 
irregularity. If this is not possible or expedient, then non-linear time history analysis should be 
used. 
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5 ST.RENGTH VERIFICATION 

5.t General 

(l)P The provisions of this Section apply to the earthquake reslstmg systenl of 
bridges designed by an equivalent linear lnethod taking i11to account a ductile or linlited 
ductile behaviour of the structure 4.1.6). For bridges provided with isolating 
devices, Section 7 shall be applied. For verifications on the basis of results of non-linear 
analysis, 4.2.4 applies. In both latter cases 5.2.1 applies. 

5.2 lVlaterials and design strength 

5.2.1 lVlaterials 

(l)P In bridges designed for ductile behaviour with q > 1,5, COIl crete nlelnbers where 
plastic hinges ll1ay forll1 , shall be reinforced with steel of Class C in accordance with 
EN 1992-1-1 :2004, Table C.l. 

(2) Concrete menlbers of bridges designed for ductile behaviour, where no plastic 
hinges may fOrlll (as a consequence of capacity design), as well as all concrete 111embers 
of bridges designed for limited ductile behaviour (q < 1,5) or all concrete nlenlbers of 
bridges with seismic isolation in accordance with Section 7, lnay be reinforced using 
steel of Class B in accordance with EN 1992-1-1 :2004, Table CA. 

(3)P Structural steel nlenlbers of all bridges shall conform to EN 1998-1: 2004, 6.2. 

5.2.2 Design strength 

(l)P The design value of nlelnber resistance shall be deternlined in accordance with 
EN 1998-1 :2004, 5.2.4, 6.1.3 or 7.1.3, as appropriate. 

5.3 Capacity design 

(l)P For structures designed for ductile behaviour, capacity design effects (Ve, 
1vfc, lVe) shall be calculated by analysing the intended plastic mechanisnl under: 

a) the non-seisnlic actions in the design seislnic situation and 

b) the level of seisnlic action in the direction under consideration (6)) at which all 
intended flexural hinges have developed bending 1110nlents equal to an upper fractile of 
their flexural resistance, called the overstrength moment, Mo. 

(2) The capacity design need not be taken as than those resulting at 
the seisnlic design situation 5.5) in the direction under consideration, with the 
seisnlic action effects nlultiplied by the behaviour factor q used in the analysis for the 
design seisnlic action. 

(3)P The overstrength 1110111ent of a section shall be ca1culated as: 

(5.1) 
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Yo is the overstrength factor; 

MRd is the design flexural strength of the section, in the selected direction and sign, 
based on the achwl section geonletry, inc1uding reinforcetnent where re1evant, 
and material properties (with y,\1values for fundaillental design situations). In 
determining MR.d, biaxial bending shall be taken into account under: (a) the 
action effects of the non-seismic actions in the seisnlic design situation and (b) 
the other seislllic action effects conesponding to the design seismic action with 
the selected direction and sign. 

(4) The value of the overstrength factor should reflect the variability of material 
strength properties, and the ratio of the ultinlate strength to the yield strength. 

NOTE The value ascribed to }~) for lise in a country may be found in its National Annex. The 
recommended values are: 

For concrete members: Yo = 1,35; 

For steel members: '10 = I 

In the case of reinforced concrete sections with special confining reinforcement 111 

accordance with 6.2.1, and with the value of the nornlalized axial force 

(5.2) 

exceeding 0,1, the value of the overstrength factor shall be nlultiplied by 1 + 2( Ilk-O, 1)2 

where: 

NEd is the value the axial force at the plastic hinge selSlll1C design situation, 
positive if conlpressive; 

Ac is the cross-sectional area of the section; and 

.!ck is the characteristic concrete strength. 

(5)P Within the length of 111embers that develop plastic hinge(s), the capacity design 
bending mOlllent lvfc at the vicinity of the hinge (see Figure 5.1) shal1 not be assuI11ed to 
be greater than the relevant design flexural resistanceMRd of the nearest hinge 
calculated in accordance \vith 5.6.3.1. 
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Key 
A Deck 
B - Pier 
PH - Plastic Hinge 

A 

Figure 5.1: Capacity design moments Jl;Jc within the length of member containing 
plastic hinges 

NOTE I: The j\1Rd-diagrams shown in Figure 5.1 correspond to a pier with variable cross-section 
(increasing downwards). In the case of a constant cross-section with constant reinforcement, .lvlRd 
is also constant. 

NOTE 2: For Lil see 6.2.1.5. 

(6) Tn general capacity design effects should be calculated separately for seis111ic 
action acting (with + and sign) in each of the longitudinal and the transverse 
directions. A relevant procedure and sinlplifications are given in Annex G. 

(7)P When sliding bearings participate in the plastic lnechanisln, their capacity shall 

be assumed as equal to YorRdr, where: 

is a magnification factor for friction due to ageing effects and 

is the maxinlunl design friction force of the bearing. 

(8)P In bridges with elastomeric bearings and intended to have ductile behaviour, 
Inembers where no plastic hinges are intended to form and which resist shear forces 
from the bearings shall be designed as follows: the capacity design effects shall be 
calculated on the basis of the maximum defornlation of the bearings correspondjng to 
the design displacelnent of the deck and a bearing stiffness increased by 30%. 

5.4 Second order effects 

(1) For linear analysis, approximate methods may be used for estimating the 
influence of second order effects on the critical sections (plastic hinges), also taking 
into account the cyclic character of the seisnlic action wherever it has a significant 
unfavourable effect. 
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NOTE: Approximate methods for use in a country to estimate second order effects under seismic 
actions may be found in its National Annex. The recommended procedure is to assume that the 
increase of bending moments of the plastic hinge section due to second order effects, is: 

(5.3) 

where is the axial force and dEd is the relative transverse displacement of the ends of the 
considered ductile member, both in the design seismic situation. 

5.5 Combination of the seisnlic action with other actions 

(l)P The design value of the effects of actions in the seisnlic design situation shall 
be detennined in accordance with EN 1990:2002, 6.4.3.4 and EN 1998-1 :2004, 3.2.4(1) 
as: 

E G "+"P "+"A 11+" lJE Q "+" Q d k k Ed 'r21 I k .2 (5.4) 

where: 

"+" implies "to be conlbined with"; 

are the pelmanent actions with their characteristic values; 

is the characteristic value of prestressing after all losses; 

is the design seisl11ic action; 

is the characteristic value of the traffic load; 

is the conlbination factor for traffic loads in accordance with 4. t.2(3)P; and 

is the quasi-permanent value of actions of long duration (e.g. earth pressure, 
buoyancy, currents etc.) 

NOTE Actions of long duration are considered to be concurrent with the design seismic action. 

(2)P Seisnlic action effects need not be cOlnbined with action effects due to imposed 
defornlations (caused by telnperature, shrinkage, settlenlents of supports, residual 
ground movements due to seislnic faulting). 

(3)P An exception to the rule in (2)P is the case of bridges in which the SeiS111ic 
action is resisted by elastoll1eric latninated bearings (see also 6.6.2.3(4)). In such a case 
elastic behaviour of the system shall be assUlned and the action effects due to inlposed 
defonnations shall be accounted for. 

NOTE In the case of (3)P the displacement due to creep does not normally induce additional 
stresses to the system and can therefore be neglected. Creep also reduces the effective stresses 
induced in the structure by 10ng-tenn imposed deformations (e.g. by shrinkage). 

(4)P Wind and snow actions shall be neglected in the design value Eel of the effects of 
actions in the seismic design situation (expression (5.4)). 
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5.6 Resistance verification of concrete sections 

5.6.1 Design resistance 

(l) When the resistance of a section depends on multi-component action effects 
(e.g. bending nlonlent, uniaxial or biaxial and axial force), the Ultimate Linlit State 
conditions specified in 5.6.2 and 5.6.3 ll1ay be satisfied by considering separately the 
extrenle (maximum or nlinimull1) value of each conlponent of the action effect with the 
concurrent values of all other conlponents of the action effect. 

5.6.2 Structures of limited ductile behaviour 

(1)P For flexural resistance of sections the fol1owing condition shall be satisfied: 

(5.5) 

where: 

Ed is the design action effect in the seisn1ic design situation including second order 
effects; and 

Rei is the design flexural resistance of the section in accordance with EN 1992-1-
1:2004, 6.1 and with 5.6.1(1). 

(2)P Verifications of shear resistance of concrete members shall be carried out in 
accordance with EN 1992-1-1 :2004, 6.2, with the following additional rules. 

a) The design action effects shall be calculated in accordance with 5.5(1)P, where 
the seislnic action effect A Ed shall be Inultiplied by the behaviour factor q used in 
the linear analysis. 

b) The resistance values, VRd,c, VRd,s and VRd,m3x derived in accordance with EN 
1992-1-1 :2004, 6.2 shall be divided by an additional safety factor rodl against 
brittle failure. 

NOTE The valLIe ascribed to rHdl ~for@J] use in a country may be found in its National Annex. 
The recommended value is rSdl 1,25. 

5.6.3 Structures of ductile behaviour 

5.6.3.1 Flexural resistance of sections of plastic hinges 

(l)P The following condition shall be satisfied. 

(5.6) 

\vhere: 

MEd is the design value of the nlOlnent as derived fron1 the analysis for the seismic 
design situation, including second order effects; and 
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MRd is the design flexural resistance of the section, in accordance with 5.6.1 (1). 

(2)P The longitudinal reinforcelnent of the melnber containing the hinge shall renlain 
constant and fully effective over the length Lh shown in Figure S.l and specified in 
6.2.1.5. 

5.6.3.2 Flexural resistance of sections outside the region of plastic hinges 

(l)P The following condition shall be satisfied. 

(S.7) 

where: 

Me is the capacity design nlOtnent as specified in 5.3; and 

MRd is the design resistance of the section in accordance with EN 1992-1-1 :2004, 6.1 
taking into account the interaction of the other components of the design action 
effect (axial force and, when applicable, bending nloment in the orthogonal 
direction). 

NOTE As a consequence of 5.3(5)P, the cross-sec1ion and the longi1udinal reinforcement of the 
plastic hinge section shall not be affected by the capacity design verification. 

5.6.3.3 Shear resistance of members outside the region of plastic hinges 

(l)P Verifications of shear resistance shall be canied out in accordance with EN 
1992-1-1 :2004, 6.2, with the following additional rules: 

a) The design action effects shall be assulned equal to the capacity design effects in 
accordance with 5.3; 

b) The resistance values, VRd,c, VRd .s and VRd,max derived in accordance with EN 
1992-1-1 :2004, 6.2 shall be divided by an additional safety factor )13d against 
brittle failure. One of the following two altenlatives shal1 be used for the value of 
}13d. 

Alternative 1: 1:::;; YBd = YBdl + I - q :::;; YBd I 
V 

(S.8a) 

C,o 

Alternative 2: 1 S YBd = YBdl (S.8b) 

where: 

is in accordance with 5.6.2(2)P; 

VEd is the lnaxinlum value of the shear in seismic design situation of 5.5(1 )P; 
and 

Ve,o is the capacity design shear deternlined in accordance with 5.3, without 
considering the linlitation of 5.3(2). 
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NOTE: As shown in S.2N, Alternative 2 is more conservative. The choice between 
Alternative 1 and Alternative 2 for use in a country may be found in its National Annex. 

YBd 

)lAdl t- I~ LO 

I ..... 
1,0 }'Bdl qVEd I VCo 

Figure 5.2N : Alternative expressions (5.8a), (5.8b) 

(2) Unless a more accurate ca1culation is Blade, for circular concrete sections of 
radius r where the longitudinal reinforcenlent is distributed over a circle with radius rS.1 

the effective depth: 

(5.9) 
l[ 

111ay be used instead of d in the relevant expressions for the shear resistance. The value 
of the internal lever arnl z may be assunled to be equal to: z 0,9dc. 

5.6.3.4 Shear resistance of plastic hinges 

(1)P Subclause 5.6.3.3(1)P applies. 

(2)P The angle e between the concrete conlpression strut and the lnain tension chord 
shall be assunled to be equal to 45°. 

(3)P The dinlensions of the confined concrete core to the centre line of the perinleter 
hoop shan be used in lieu of the section dimensions bw and d. 

(4) Subclause 5.6.3.3(2) may be applied using the dimensions of the confined 
concrete core. 

(5) For nlenlbers with shear span ratio as < 2,0 (see Table 4.1 for the definition of 
as), verification of the pier against diagonal tension and sliding failure should be carried 
out in accordance with EN 1998-1 :2004, 5.5.3.4.3 and 5.5.3.4.4, respectively. In these 
verifications, the capacity effects should be used as design action "",++~> .. 1-" 
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5.6.3.5 Verification of joints adjacent to plastic hinges 

5.6.3.5.1 General 

(l)P Any joint between a vertical ductile pier and the deck or a foundation 
adjacent to a plastic hinge in the pier, shall be designed in shear to resist the capacity 
design efrects of the plastic hinge in the relevant direction. The pier is indexed in the 
following paragraphs with "c" (for "COIU111n"), while any other nlenlber framing into the 
same joint is referred to as "bemn" and indexed with "b". 

(2)P For a vertical solid pier of depth he and of width be transverse to the direction of 
flexure of the plastic hinge, the effective width of the joint shall be assunled as follows: 

- when the pier franles into a slab or a transverse rib of a hollow slab: 

(5.10) 

- when the pier frames directly into a longitudinal web of width bw (bw is parallel to 
be): 

(5.11) 

for circular piers of dimneter dc, the above definitions are applied assunling be = he = 
O,9dc 

5.6.3.5.2 Joint forces and stresses 

(1)P The design vertical shear of the joint, Vjz, shall be assumed as: 

(5.12) 

where: 

TRc is the resultant force of the tensile reinforcenlent of the pier corresponding to the 
design flexural resistance, A1j{d, of the plastic hinge in accordance with 5.3(3)P, 
and Yo is the overstrength factor in accordance with 5.3(3)P and 5.3(4) (capacity 
design); and 

V1bC is the shear force of the "bemn" adjacent to the tensile face of the colun1n, 
corresponding to the capacity design effects of the plastic hinge. 

(2) The design horizontal shear of the joint Vjx nlay be calculated as (see Figure 
5.3): 

(5.13) 

where Zc and Zb are the inte111al lever arll1S of the plastic hinge and the "bemn" end 
sections, respectively, and Zc and Zb may be assulned to be equal to 0,9 tillles the 
relevant effective section depths (see 5.6.3.3 and 5.6.3.4). 
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Forces on the joint 

Key 
PH Plastic Hinge 

Internal forces 

Figure 5.3: Joint forces 

(3) The shear verification should be carried out at the centre of the joint, where, in 
addition to and the influence of following axial forces nlay be taken into 
account: 

- vertical axial joint force N jz equal to: 

N =Nc 
jz 2bj C I 

(5.14) 

where: 

NeG is the axial force of the column under the non-seismic actions in the design 
seisn1ic situation; 

horizontal force Njx equal to the capacity design axial force effects in the "bean1", 
including the effects of longitudinal prestressing after all losses, if such axial 
forces are actually effective throughout the width bj of the joint; 

horizontal force N.iy in the transverse direction equal to the effect of transverse 
prestressing after all losses, effective within the depth he, if such prestressing is 
provided. 

(4) For the joint verification the following average nominal stresses are used. 

Shear stresses: 

V' J Vx = Vz 

Axial stresses: 
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(5.17) 

(5.18) 

NOTE: As pointed out in 5.3(6), the capacity and therefore the relevant joint 
verification, should be carried Ollt with both of the seismic action, and -. It is also noted 
that at knee-joints (e.g. over the end column of a multi-column bent in the transverse bridge 
direction), the sign of Li1Rd and may be opposite to that shown ill Figure 5.3 and may be 
tensile. 

5.6.3.5.3 Verifications 

(1) If the average shear stress in the joint, Vi, does not exceed the cracking shear 
capacity of the joint, Vj,er, as given by expression (5.19), then n1inin1u111 reinforcen1ent 
should be provided, in accordance with (6)P. 

v ::s; v 
j j, cr 

l ~Ill + lJ(1 + ~J ::s; 1,50 l . ctd f' f' . ctd 
. ctd . ctd 

(5.19) 

where: .fctd fetkO,oS/ re is the design value of the tensile strength of concrete. 

(2)P The diagonal compression induced in the joint by the diagonal strut mechanism 
shall not exceed the compressive strength of concrete in the presence of transverse 
tensile strains, taking into account also confining pressures and reinforcen1ent. 

(3) Unless a nlore accurate nl0del, the requirement of (2)P above is deemed to be 
satisfied, if the following condition is inet. 

Vj :; ~i,Rd 0,5ae VIed 

where, 

V = 0,6 (1-ifck/250)) (with.fck in MPa) 

(5.20) 

(5.21 ) 

The factor (J.e in expression (5.20) accounts for the effects of any confining pressure (njy) 
andlor reinforcenlent (py) in the transverse direction y, on the compressive strength of 
the diagonal stnlt: 

(5.22) 

where: 

Pi = Asyl(hehb ) is the reinforcement ratio of any closed stirrups in the transverse 
direction of the joint panel (orthogonal to the plane of action), and 

lsd 300 MPa is a reduced stress of this transverse reinforcelnent, for reasons of 
limitation of cracking. 

71 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

(4) Reinforcement, both horizontal and vertical, should be provided in the joint, at 
alTIOunts adequate to carry the design shear force. This require111ent Inay be satisfied by 
providing horizontal and vertical reinforcement ratios, px and pz, respectively, such that: 

Px = (5.23) 

Pz =--'--
.f~y 

(5.24) 

where: 

is the reinforcement ratio in the joint panel in the horizontal direction, 

Pz = 
b/le 

is the reinforcen1ent ratio in the joint panel in the vertical direction, and 

fSYJ is the design yield strength of the joint reinforcement. 

(5)P The joint reinforcelnent ratios px and {Jy shall not exceed the n1axin1lln1 value: 

vIed 
f) =--
1- max 2{ 

.. sy 

where v is given by expression (5.21) 

(5.25) 

(6)P A minin1un1 an10unt of shear reinforcelnent shall be provided in the joint panel 
in both horizontal directions, in the forn1 of closed links. The required 111inimu111 joint 
reinforcelnent ratio: 

(5.26) 

5.6.3.5.4 Reinforcement arrangement 

(l) Vertical stirrups should enclose the longitudinal "beam" reinforcen1ent at the 
face opposite to the pier. Horizontal stirrups should enclose the pier vertical 
reinforcen1ent, as well as "beam" horizontal bars anchored into the joint. Continuation 
of pier stirrups/hoops into the joint is recomlnended. 

(2) Up to 500/0 of the total amount of vertical stirrups required in the joint 111ay be U
bars, enclosing the longitudinal "bean1" reinforcement at the face opposite to the 
colu111n (see Figure 5.4). 

(3) 500/0 of the bars of the top and bottOlTI longitudinal reinforcement of the 
"beams", when continuous through the joint body and adequately anchored beyond it, 
may be taken into account for covering the required horizontal joint reinforce111ent area 
Asx. 

(4) The longitudinal (vertical) pier reinforcement should reach as far as possible 
into the "beam", ending just before the reinforcelnent layers of the "bean1" at the face 

72 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

opposite to the pier-"beam" interface. In the direction of flexure of the plastic hinge, rhe 
bars of both tensile regions of the pier should be anchored by a rectangular hook 
directed towards the centre of the pier. 

(5) When the an10unt of required reinforce111ent Asz and/or Asx, in accordance with 
expressions (5.24) and (5.23) is so high as to ln1pair cOl1structability of the joint, then 
the alte111ative arrangen1ent, described in (6) and (7), n1ay be applied Figure 5.4). 

tIP I ~I I~ 

(b) 

Key 
A : "BeaIn" -pier interface 
B : Stirrups in comn10n areas count in both directions 

(a) 

... 1 

,." 

(c) 

, ... 
--I-

-+
A~ 

Figure 5.4: Alternative arrangement of joint reinforcement; (a) vertical section 
within plane xz; (b) plan vie,,, for plastic hinges forming in the x-direction; (c) plan 

view for plastic hinges in the x- and the y- directions. 

(6) Vertical stirrups of aIllOunt Plz?. Pmin, acceptable fro111 the cOl1structability point 
of view, lnay be placed within the joint body. The ren1aining area L1Asz (pz - Plz)b/1c, 
should be placed on each side of the "beam", within the joint width bj and not further 
than O,5hb frOln the corresponding pier face. 
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(7) The horizontal reinforcel11ent within the joint body may be reduced by < 
Msz, provided that the ratio of the horizontal reinforcen1ent ren1aining within the joint 
body satisfies expression (5.26). The tensile reinforcen1ent of the "bean1" top and 

botton1 fibres at the faces of the pier should then be increased by Msx, over the 
reinforcen1ent required in the relevant "beam" sections for the verification in flexure 
under capacity design effects. Additional bars to cover this requirelllent should be 
placed within the joint width bj ; these bars should be adequately anchored, so as to be 
fu11y effective at a distance hb fron1 the pier face. 

5.6.3.6 Deck verification 

(I)P It sha11 be verified that no significant yielding occurs in the deck. This 
verification shall be carried out: 

- for bridges of lin1ited ductile behaviour, under the n10st adverse design action effect 
in accordance with 5.5; 

- for bridges of ductile behaviour, under the capacity design effects determined in 
accordance with 5.3. 

(2) When the horizontal cOlllponent of the seismic action in the transverse direction 
of the bridge is considered, yielding of the deck for flexure within a horizontal plane is 
considered to be significant if the reinforcen1ent of the top slab of the deck yields up to 
a distance fron1 its edge equal to 100/0 of the top slab width, or up to the junction of the 
top slab with a web, whichever is closer to the edge of the top slab. 

(3) When verifying the deck on the basis of capacity design effects for the seismic 
action acting in the transverse direction of the bridge, the significant reduction of the 
torsional stiffness of the deck with increasing torsional mon1ents should be accounted 
for. Unless a n10re accurate calculation is n1ade, the values specified in 2.3.6.1 (4) may 
be assu111ed for bridges of lin1ited ductile behaviour, or 70% of these values for bridges 
of ductile behaviour. 

5. 7 Resistance verification for steel and composite menlbers 

5.7.1 Steel piers 

5.7.1.1 General 

(1) For the verification of the pier under multi-C0l11pOnent action effects, 5.6.1(1) 
applies. 

(2)P Energy dissipation is allowed to take place only the piers and not in the deck. 

(3)P For bridges designed for ductile behaviour, the provisions of 1998-1 :2004, 
6.5.2, 6.5.4 and 6.5.5 for dissipative structures apply. 

(4) The provisions of EN 1998-1 :2004, 6.5.3 apply. However cross-sectional class 3 
is allowed only when q < 1,5. 
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(5) provisions of EN 1998-1 :2004, 6.9 apply for all bridge piers. 

5.7.1.2 Piers as moment resisting frames 

(l)P In bridges designed for ductile behaviour, the design values of the axial force, 
and shear forces, VE,d, in piers consisting of mon1ent resisting fran1es shall be 

assumed to be equal to the capacity design action effects lYe and Vc, respectively, as the 
latter are specified in 5.3. 

(2)P design of the sections of plastic hinges both in bean1s and colun1ns of the 
pier shall satisfy the provisions of 1998-1 :2004, 6.6.2, 6.6.3 and 6.6.4, using the 
values of NEd and VEd as specified in (l)P. 

5.7.1.3 Piers as frames with concentric bracings 

(I)P The provisions of EN 1998-1: 2004 apply with the following 1110difications for 
bridges designed for ductile behaviour. 

The design values for the axial shear force shall be in accordance with 5.3, taking 
the force in all diagonals as corresponding to the overstrength YoJYpl,Rd of the weakest 
diagonal (see 5.3 for Yo). 

- The second part of expressjol1 (6.12) in EN 1998-1 :2004, 6.7.4 shall be replaced by 
the capacity design action lVEd 

5.7.1.4 Piers as frames with eccentric hracings 

(1)P The provisions of EN 1998-1 :2004, 6.8 apply. 

5.7.2 Steel or composite deck 

(1)P In bridges designed for ductile behaviour (q > 1,5) the deck shall be verified for 
the capacity design effects in accordance with 5.3. In bridges designed for lin1ited 
ductile behaviour (q ::; 1,5) the verification of the deck shall be carried out using the 
design action effects fron1 the analysis in accordance with expression (5.4). The 
verifications may be carried out in accordance with the relevant rules of EN 1993-
2:2005 or EN 1994-2:2005 for steel or composite decks, respectively. 

5.8 Foundations 

5.8.1 Genera) 

(l)P Bridge foundation systen1s shall be designed to conforn1 to the general 
requiren1ents set forth in 1998-5 :2004, 5.1. Bridge foundations shall not be 
intentionally used as sources of hysteretic energy dissipation and therefore shaH, as far 
as practicable, be designed to remain elastic under the design seis111ic action. 

(2)P Soil structure interaction shall be assessed where necessary on the basis of the 
relevant provisions of EN 1998-5: 2004, Section 6. 
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5.8.2 Design action effects 

(l)P F or the purpose of resistance verifications, the design action effects on the 
foundations shall be determined in accordance with (2)P to (4). 

(2)P Bridges of lin1ited ductile behaviour (q < ll5) and bridges with seisn1ic isolation 

The design action effects shall be those resulting from expression (5.4) with seismic 
effects obtained from the linear analysis of the structure for the seisnlic design situation 
in accordance with 5.5l with the analysis results for the design seislnic action multiplied 
by the q-factor used (j.e. effectively using q 1). 

(3)P Bridges of ductile behaviour (q > 1,5). 

The design action effects shall be obtained by applying the capacity design procedure to 
the piers in accordance with 5.3. 

(4) For bridges designed on the basis of non-linear analysis, the prOVIsIons of 
4.2.4.4(2)e apply. 

5.8.3 Resistance verification 

(1)P The resistance verification of the foundations shal1 be carried out in accordance 
with EN 1998-5 :2004, 5.4.1 (Direct foundations) and 5.4.2 (Piles and piers). 
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(l)P The rules of this Section apply only to bridges designed for ductile behaviour 
and ain1 to ensure a l11inil11um level of curvaturelrotation ductility at the plastic hinges. 

(2)P For bridges of lil11ited ductile behaviour, rules for the detail ing of critical 
sections and specific non-ductile c0111ponents are specified in 6.5. 

(3)P In general, plastic hinge f01111ation is not allowed in the deck. Therefore there is 
no need for the application of special detailing rules other than those applying for the 
design of bridges for the non-seisn1ic actions. 

6.2 Concrete piers 

6.2.1 Confinement 

6.2.1.1 General requirements 

(l)P Ductile behaviour of the compression concrete zone shall be ensured within the 
potential plastic hinge regions. 

(2)P In potential hinge regions where the normalised axial force (see 5.3(3)) exceeds 
th e Ii 111i t: 

(6.1 ) 

confine111ent of the con1pression zone in accordance with 6.2.1.4 should be provided, 
except as specified in (3). 

(3)P No confinenlent is required in piers if, under ultin1ate lin1it state conditions, a 
curvature ductility fiej) = 13 for bridges of ductile behaviour, or fi<l> = 7 for bridges of 
limited ductile behaviour, is attainable, with the l11aximu111 c0111pressive strain in the 
concrete not exceeding the value of: 

Gcu2 = 0,350/0 (6.2) 

NOTE: The condition of (3)P may be attainable in piers with flanged section, when sufficient 
flange area is available in the compressive zone. 

(4) In cases of deep c0111pression zones, the confinement should extend at least up to 
the depth where the value of the conlpressive strain exceeds O,5C:cu2 

(5)P The quantity of confining reinforcement is defined through the n1echanical 
reinforcel11ent ratio: 

(6.3) 

where: 
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(a) In rectangular sections: 

pw is the transverse reinforcenlent ratio defined as: 

where: 

is the total area of hoops or ties in the one direction of confinement; 

SL is the spacing of hoops or ties in the longitudinal direction; 

(6.4) 

b is the dimension of the concrete core perpendicular to the direction of the 
confjnelnent under consideration, Ineasured to the outside of the perinleter hoop. 

(b) In circular sections: 

The volu111etric ratio pw of the spiral reinforcenlent relative to the concrete core is used: 

Pw 

where: 

4Asp 

Dsp . SL 

Asp is the area of the spiral or hoop bar 

Dsp is the dianleter of the spiral or hoop bar 

SL is the spacing of these bars. 

6.2.1.2 Rectangular sections 

(6.5) 

(l)P The spacing of hoops or ties in the longitudinal direction, SL, shall satisfy both of 
the following conditions: 

- SL S; 6 tinles the longitudinal bar diameter, dbL 

SL 1/5 of the snlallest dil11ension of the confined concrete core, to the hoop centre 
line. 

(2)P The transverse distance ST between hoop legs or supplenlentary cross-ties shall 
not exceed 1/3 of the sll1allest dinlension bmin of the concrete core to the hoop centre 
line, nor 200nlm (see Figure 6.1a). 

(3)P Bars inclined at an angle a > 0 to the transverse direction in \vhich pw refers to 
shall be assumed to contribute to the total area of expression (6.4) by their area 
multiplied by coseL 
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Key 
A : 4 closed overlapping hoops 
B : 3 closed overlapping hoops plus cross-ties 
C : closed overlapping hoops plus cross-ties 

Figure 6.1 a: Typical confinement details in concrete piers with rectangular section 
using overlapping rectangular hoops and cross-ties 

6.2.1.3 Circular sections 

(l)P The spacing of spiral or hoop bars, SL, shall satisfy both of the following 
conditions: 

SL S 6 times the longitudinal bar dialneter, dbL 

SL 1/5 of the dian1eter of the confined concrete core to the hoop centre line. 
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6.2.1.4 Required confining reinforcement 

(I)P Confinelnent is in1plemented through rectangular hoops and/or cross-ties or 
through circular hoops or spirals. 

NOTE The National Annex may prohibit the use of a certain type of confinement reinforcement. 
It is recommended that all types of confinement are allowed. 

(2)P The Inl111l11Un1 an10unt of confining reinforcement shall be detennined as 
follows: 

- for rectangular hoops and cross-ties 

where: 

where: 

( 

ll1axloJw,rCq; J 

° 13 fyd ( -0 ° 1 ) , j.PL, 
. cd 

Ac is the area of the gross concrete section; 

is the confined (core) concrete area of the section to the hoop centerline; 

are factors specified in Table 6.1; and 

PL is the reinforcement ratio of the longitudinal reinforcen1ent. 

(6.6) 

(6.7) 

Depending on the intended seismic behaviour of the bridge, the mlnln1um values 
specified in Table 6.1 apply. 

Table 6.1: J\tlinimunl values of A and ww,nlin 

Seismic Behaviour A COw,min 

Ductile 0,37 0,18 
Lin1ited ductile 0,28 0,12 

for circular hoops or spirals 

CUwd.c ;?:: lnax(l ,4cow,rcq; COw,min) (6.8) 

(3)P When rectangular hoops and cross-ties are used, the minimUln reinforcement 
condition shall be satisfied in both transverse directions. 

(4)P Interlocking spirals/hoops are quite efficient for confining approxilnately 
rectangular sections. The distance between the centres of interlocking spirals/hoops 
shall not exceed 0,6Dsp, where Dsp is the dian1eter of the spiral/hoop (see Figure 6.1 b). 
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Figure 6.1b: Typical confinement detail in concrete piers using interlocking 
spirals/hoops 

6.2.1.5 Extent of confinement - Length of potential plastic hinges 

(l)P When '7k = NEc/Ac!ck S 0,3 the design length Lh of potential plastic hinges shall 
be estirllated as the largest of the following values: 

- the depth of the pier section within the plane of bending (perpendicular to the axis 
of rotation of the hinge); 

- the distance fron1 the point of maxilllum mon1ent to the point where the design 
nl0111ent is less than 800/0 of the value of the nlaxilllun1 nl0nlent. 

(2)P When 0,6 :2: '7k > 0,3 the design length of the potential plastic hinges as 
deternlined in (l)P shall be increased by 500/0. 

(3) The design length of plastic hinges (Lh) defined above should be used 
exclusively for detailing the reinforcen1ent of the plastic hinge. It should not be used for 
estin1ating the plastic hinge rotation. 

(4)P When confining reinforcerllent is required, the anlount specified in 6.2.1.4 shall 
be provided over the entire length of the plastic hinge. Outside the length of the hinge 
the transverse reinforcement lllay be gradually reduced to the anlount required by other 
criteria. The amount of transverse reinforcenlent provided over an additional length Lh 
adjacent to the theoretical end of the plastic hinge shall not be less than 500/0 of the 
an10unt of the confining reinforcenlent required in the plastic hinge. 

6.2.2 Buckling of longitudinal compression reinforcement 

(I)P Buckling of longitudinal reinforcenlent shall be avoided along potential hinge 
areas, even after several cycles into the post-yield region. 

(2) To n1eet the requirement in (1)P, all n1ain longitudinal bars should be restrained 
against outward buckling by transverse reinforcenlent (hoops or cross-ties) 
perpendicular to the longitudinal bars at a (longitudinal) spacing SL not exceeding !5dbL, 
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where dbL 1S the diameter of the longitudinal bars. Coefficient 6 depends on the ratiof.J{y 
of the tensile strength flk to the yield strength fYk of the transverse reinforcen1ent, in 
tenns of characteristic values, in accordance with the following relation: 

(6.9) 

(3) Along straight section boundaries, restraining of longitudinal bars should be 
IRl) achieved ~ in either one of the following ways: 

a) through a perin1eter tie engaged by inten11ediate cross-ties at alternate locations of 
longitudinal bars, at transverse (horizontal) spacing St not exceeding 200 mm. The 
cross-ties shall have 135°-hooks at one end and 135°-hooks or 90°-hook at the other. 
Cross-ties with 1350 -hooks at both ends may consist of two lapped spliced pieces. If '7k 

0,30, 90°-hooks are not allowed for the cross-ties. If the cross-ties have dissin1ilar 
hooks at the two ends, these hooks should be alternated in adjacent cross-ties, both 
horizontally and vertically. In sections of large dinlensions the perimeter tie may be 
spliced using appropriate lapping length combined with hooks; 

b) through overlapping closed ties an-anged so that every corner bar and at least every 
alternate internal longitudinal bar is engaged by a tie leg. The transverse (horizontal) 
spacing Sr of the tie legs should not exceed 200 n1111. 

(4)P The 111inimun1 anlount of transverse ties shall be detern1ined as follows: 

lUin( At J 
"L 

(6.10) 

where: 

At is the area of one tie leg, in Iun}; 

SL is the spacing of the legs along the axis of the nlember~, in 111; 

.LAs is the sun1 of the areas of the longitudinal bars restrained by the tie, in n1n12
; 

fyt is the yield strength of the tie; and 

hs is the yield strength of the longitudinal reinforcement. 

6.2.3 Other rules 

(l)P Due to the potential loss of concrete cover in the plastic hinge region, the 
confining reinforcen1ent shall be anchored by 135°-hooks (unless a 90°-hook is used in 
accordance with 6.2.2(3)a) sun-ounding a longitudinal bar plus adequate extension (min. 
10 dian1eters) into the core concrete. 

(2)P Siluilar anchoring or a full strength weld is required for the lapping of spirals or 
hoops within potential plastic hinge regions. In this case laps of successive spirals or 
hoops, when located along the perin1eter of the men1ber, should be staggered in 
accordance with EN 1992-1-1 :2004, 8.7.2. 

(3)P No splicing by lapping or welding of longitudinal reinforcement is allowed 
within the plastic hinge region. For D1echanical couplers see 1998-1 :2004, 5.6.3(2). 
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(1) The rules of (2) to (4) are not required in cases of low seismicity. 

NOTE: For cases oflO\\/ seismicity the Notes in 2.3.7(1) apply. 

(2) Unless appropriate justification is provided, the ratio hlh of the clear width b to 
the thickness h of the walls, in the plastic hinge region (length Lh in accordance with 
6.2.1.5) of hollow piers with a single or n1ultiple box cross-section, should not exceed 8. 

(3) For hollow cylindrical piers the limitation (2) applies to the ratio Di 1/1, where Di 
is the inside dian1eter. 

(4) In piers with sil11ple or 111ultiple box section and when the value of the ratio '7k 
defined in expression (6.1) does not exceed 0,20, there is no need for verification of the 
confining reinforcenlent in accordance with 6.2.1, provided that the requiren1ents of 
6.2.2 are nlet. 

6.3 Steel piers 

(l)P For bridges designed for ductile behaviour, the detailing rules of EN 1998-
1 :2004, 6.5, 6.6, 6.7 and 6.8, as modified by 5.7 of the present Part, sha11 be applied. 

6.4 Foundations 

6.4.1 Spread foundation 

(l)P Spread foundations such as footings, rafts, box-type caissons, piers etc., shaH not 
enter the plastic range under the design seisnlic action, and hence do not require special 
detailing reinforcen1ent. 

6.4.2 Pile foundations 

(l)P When it is not feasible to avoid localised hinging in the piles, using the capacity 
design procedure (see 5.3), pile integrity and ductile behaviour shall be ensured. For 
this case following rules apply. 

(2) The following locations along the pile should be detailed as potential plastic 
hinges. 

(a) At the pile heads adjacent to the pile cap, when the rotation of the pile cap about a 
horizontal axis transverse to the seisn1ic action is restrained by the large stiffness of 
the pile group in this degree-of-freedom. 

(b) At the depth where the ll1axitnum bending moment develops in the pile. This depth 
should be estinlated by an analysis that takes into account the effective pile flexural 
stiffness (see 2.3.6.1), the lateral soil sti ffness and the rotational stiffness of the pile 
group at the pile cap. 

(c) At the interfaces of soil layers with markedly different shear deforn1ability, due to 
kinelnatic pile-soil interaction (see EN 1998-5 :2004, 5.4.2(1 )P). 
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(3) At locations of type (a) in (2), confining reinforcen1ent of the anl01111t specified 
in 6.2.1.4 along a vertical length equal to 3 ti111es the pile dianleter, should be provided. 

(4) Unless a n10re accurate analysis is made" , longitudinal as well as confining 
reinforcenlent of the same amount as that required at the pile head shall be provided 
over a length of two pile djanleters on each side of the point of maxin1111n nl0111ent at 
locations of type (b) in (2), and of each side of the interface at locations of type (c) in 
(2). 

6.5 Structures of limited ductile behaviour 

6.5.1 Verification of ductility of critical sections 

(I)P The following rules apply at the critical sections of structures designed for 
lin1ited ductile behaviour (with q :::; 1,5) in cases other than those of low seisnlicity, to 
ensure a nlini111111n of linlited ductility. 

NOTE 1: For the definition of cases oflow seismicity see Note 1 in 2.3.7(1). 

NOTE 2: The National Annex may define simplified verification rules for bridges designed for 
limited ductile behaviour in low seismicity cases. It is recommended to apply the same rules as 
in cases other than those of low seismicity. 

(2)P A section is considered to be critical, i.e. location of a potential plastic hinge, 
when: 

< 1,30 (6.11) 

where: 

MEd is the maxinlu111 design moment at the section in the seis111ic design situation, 
and 

MRd is the Ininimun1 flexural resistance of the section in the seisnlic design situation. 

(3) As far as possible, the location of potential plastic hinges should be accessible 
for inspection. 

(4)P Unless confinement is not necessary according to 6.2.1.1(3)P, confining 
reinforcenlent as required by 6.2.1.4 for linlited ductility (see Table 6.1), shall be 
provided in concrete 111embers. In such cases it is also required to secure the 
longitudinal reinforcen1ent against buckling in accordance with 6.2.2. 

6.5.2 Avoidance of brittle failure of specific non-ductile components 

(l)P Non-ductile structural components, such as fixed bearings, sockets and 
anchorages for cables and stays and other non-ductile connections shall be designed 
using either seisnlic action effects n1ultiplied by the q-factor used in the analysis, or 
capacity design effects. The latter shall be detennined fron1 the strength of the relevant 
ductile nlembers (e.g. the cables) and an overstrength factor of at least 1,3. 
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(2)P This verification may be olnitted if it can be demonstrated that the integrity of 
the structure is not affected by failure of such connections. This delnonstration shall 
also address the possibility of sequential failure, such as Inay occur in stays of cable
stayed bridges. 

6.6 Bearings and seismic links 

6.6.1 General requirements 

(l)P N on-seismic horizontal actions 011 the deck shall be trans111itted to the 
supporting me1nbers (abutnlents or piers) through the structural connections, which may 
be Inonolithic, or through bearings. For non-seistnic actions the bearings shall be 
verified in accordance with the relevant standards (Parts 2 of relevant Eurocodes and 
EN 1337). 

(2)P In genera] the design seislnic action shall be trans111itted through the bearings. 
However, seisll1ic links (as specified in 6.6.3) 111ay be used to transnlit the entire design 
seismic action, provided that dynanlic shock effects are mitigated and taken into 
account il1 the design. Seisll1ic links should generally allow the nOll-seisll11c 
displacements of the bridge to develop, without transmitting significant loads. When 
seisnlic links are used, the connection between the deck and the substructure should be 
properly modelled. As a Inininlum, a linear approxilnation of the force-displacement 
relationship of the linked structure sha11 be used (see Figure 6.2). 
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d 

Figure 6.2: Force-displacement relationship for linked structure 

NOTE : Certain types of seismic links may not be applicable to bridges subject to large 
horizontal non-se ismic actions, or to bridges with special displacement limitations, as for 
instance in railway bridges. 

(3)P The structural integrity of the bridge shall be ensured under extrelne seisn1ic 
displacen1ents. At fixed supports this requirelnent shall be implelnented either through 
capacity design of the norn1al bearings (see 6.6.2.1), or through provision of additional 
links as a second line of defence (see 6.6.2.1(2) and 6.6.3.1(2)(b). At moveable 
connections adequate overlap (seat) lengths in accordance with 6.6.4 shal1 be provided. 
In, cases of retrofitting of existing bridge seismic links lnay be used as an alternative. 

(4)P All types of bearings and seisn1ic links shall be accessible for inspection and 
maintenance and shall be replaceable without major difficulty. 

6.6.2 Bearings 

6.6.2.1 Fixed bearings 

(l)P Except under the conditions of (2), the design seismic action effects on fixed 
bearings shaH be detern1ined through capacity design. 

(2) Fixed bearings n1ay be designed solely for the effects of the seismic design 
situation fro111 the analysis , provided that they can be replaced without difficulties and 
that seismic links are provided as a second line of defence. 
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6.6.2.2 Moveable bearings 

(l)P Moveable bearings shall accOlnn10date without damage the total design value of 
the displacen1ent in the seislnic design situation detern1ined in accordance with 
2.3.6.3(2). 

6.6.2.3 Elastomeric bearings 

(1) ElastOlneric bearings n1ay be used in the following arrangelllents: 

a. on individual supports, to accon1n10date in1posed deforn1ations and resist only 
non-seisn1ic horizontal actions, while the resistance to the design seisn1ic action is 
provided by structural connections (monolithic or through fixed bearings) of the deck to 
other supporting n1en1bers (piers or abutn1ents); 

b. on all or on individual supports, with the san1e function as in (a) above, 
combined with seismic links which are designed to resist the seisn1ic action; 

c. on all supports, to resist both the non-seisn1ic and the seisn1ic actions. 

(2) Elastomeric bearings used in arrangen1ents (a) and (b) of(1) shall be designed to 
resist the Inaxin1Uln shear deforn1ation due to the design seisn1ic action in accordance 
with 7.6.2(5). 

(3) Under the conditions specified In 2.2.2(5), significant dan1age of elastomeric 
bearings of (2) is acceptable. 

NOTE: The National Annex may define the extent of damage and the relevant verifications. 

(4) The seisn1ic behaviour of bridges, in which the design seismic action is resisted 
entirely by elaston1eric bearings on all supports (arrangen1ent (l)c above), is governed 
by the large flexibility of the bearings. Such bridges and the bearings shall be designed 
in accordance with Section 7. 

6.6.3 Seismic links, holding-do"vn devices, shock transmission units 

6.6.3.1 Seismic links 

(1) Seisn1ic links n1ay consist of shear key anangen1ents, buffers, and/or linkage 
bolts or cables. Friction connections are not considered as positive linkage. 

(2) Seislllic links are required in the following cases. 

(a) In combination with elastomeric bearings, where the links are designed to carry the 
design seismic action. 

(b) In cOlnbination with fixed bearings not designed for capacity design effects. 

(c) In the longitudinal direction at n10veable end-supports between the deck and the 
abutn1ent or pier of existing bridges being retrofitted, if the requiren1ents for 
minin1un1 overlap length in 6.6.4 are not met. 
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(d) Between adjacent sections of the deck at intermediate separation joints (located 
within the span). 

(3)P The design actions for the seisn1ic links of the previous paragraph shall be 
determined as follows. 

In cases (a), (b) and (c) of (2) as capacity design effects (the horizontal resistance of 
the bearings shall be assun1ed to be equal to zero). 

In the case of (d) of (2), and unless a 1110re accurate analysis is n1ade taking into 
account the dynan1ic interaction of adjacent sections of the deck, the linkage 

elen1ents n1ay be designed for an action equal to 1,5agSMd where is the design 
ground acceleration on type A ground, S is the soil factor from 1998-1: 2004, 
3.2.2.2 and Me! is the mass of the section of the deck linked to a pier or abutment, or 
the least of the masses of the t\VO deck sections on either side of the intern1ediate 
separation joint. 

(4)P The links shall be provided with adequate slack or ll1argins, so as to remaIn 
inactive: 

under the design seisn1ic action in cases (c) and (d) of (2) 

under any non-seislnic actions in case (a) of (2). 

(5) When using seismic links, Ineans for reducing shock effects should be provided. 

6.6.3.2 Holding-down devices 

(l)P Holding down devices shall be provided at all supports where the total vertical 
reaction due to the design seislnic action opposes and exceeds a percentage, PH, of the 
c0111pressive (downward) reaction due to the pen11anent load. 

NOTE The value ascribed to PH for LIse in a country may be found in its National Annex. The 
recommended value are as follows: 

- PH 80(% in bridges of ductile behaviour, where the vertical reaction due to the design 
seismic action is determined as a capacity effect. 

- PH 50% in bridges of limited ductile behaviour, where the vertical reaction due to the 
design seismic action is determined from the analysis under the seismic action alone 
(including the contribution of the vertical seismic component). 

(2) The requiren1ent (1) to the total vertical reaction of the deck on a support 
and does not apply to individual bearings of the same support. However, no up-lift of 
individual bearings may take place in the seisn1ic design situation in accordance with 
5.5. 

6.6.3.3 Shock transmission units (STUs) 

(1) Shock transll1ission units (STUs) are devices which provide velocity-dependent 
restraint of the relative displacelnent between the deck and the supporting element (pier 
or abutn1ent), as follows. 
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For low velocity nl0Vetnents (v "'I), such as those due to telnperature effects or 
creep and shrinkage of the deck, the movetnent is practically free (with very low 
reaction). 

- For high velocity 1110Vetnents (v V2), such as those due to seismic or braking 
actions, the nlovenlent is blocked and the device acts practically as rigid connection. 

- The units can also have a force limiting function, that ]i111its the force transt11itted 
through it (for v "'2) to a defined upper bound, beyond which movement 
takes place. 

NOTE The properties and the design of STUs will be covered by prEl\ 15 J 29:200X 
(Antiseismic Devices). The order of magnitude of the velocities mentioned above is VI ~ 0,1 

mm/s, V2 ~ 1,0 mm/s. 

(2)P Full description of the laws defining the behaviour of the units used (force
displacenlent and force-velocity relationships) sha1l be available at the design 
(fron1 the n1anufacturer of the units), including any influence of environnlental factors 
(mainly ten1perature, ageing, cunlulative travel) on this behaviour. All values of 
parameters necessary for the definition of the behaviour of the units (including the 
values of VI, V2, F mux, for the cases luentioned in (1)), as well as the geonletric data and 
design resistance FRd of the units and their connections, shall also be available. Such 
infonnation shall be based on appropriate official test resu1ts, or an ETA. 

(3)P When STUs without force limiting function are used to resist seis111ic forces, 
they shall have a design resistance, PRJ, as follows. 

- For ductile bridges: F Rd should be not less than the reaction corresponding to the 
capacity design effects, 

For linlited ductile bridges: F Rd should be not less than the reaction due to the 
design seis111ic action fro111 the analysis, multiplied by the q-factor used. 

The devices shall provide sufficient displacenlent capability for all slow velocity actions 
and shall retain their force capacity at their displaced state. 

(4)P When STUs with force lilniting function are used to resist seisnlic forces, the 
devices shall provide sufficient displacelnent capability to accOlnn10date the total design 
value of the relative displacenlent, dEd, in the seisnlic design situation deternlined in 
accordance with 2.3.6.3(2)P, or in accordance with 7.6.2(2) for bridges with seismic 
1sola60n. 

(5)P All STUs shall be accessible for inspection and nlaintenance/replacenlent. 

6.6.4 Minimum overlap lengths 

(l)P At supports where relative displacenlent between sllPPOlied and supporting 
men1bers is intended under seisnlic conditions, a Inininlu111 overlap length shall be 
provided. 

(2)P The overlap length shall be such as to ensure that the function of the support is 
maintained under extrenle seisnlic displacelnents. 
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(3) At an end support of an abutnlent the I111111mum overlap length loy may be 
estill1ated as follows: 

(6.12) 

(6.13) 

( 6.14) 

\vhere: 

1m is the ll1ininlu111 support length ensuring the safe transnl1ssion of the vertical 
reaction, but no less than 400 mm, 

deg is the effective displacenlent of the two parts due to the spatial variation of the 
seisnlic ground displaceillent. When the bridge is at a distance than 5kl11 
of a known seisnlically active fault, capable of producing a seisnl1c event of 
l11agnitude M 2 6.5, and unless a specific seisl11ological investigation is 
available, the value of deg to be used should be taken as double that obtained 
fronl expression (6.l3). 

is the design ground displacell1ent in accordance with EN 1998-1 :2004, 3.2.2.4, 

is the distance paranleter specified in 3.3(6). 

Lefr is the effective length of the deck, taken as the distance fronl the deck joint in 
question to the nearest full connection of the deck to the substructure. If the deck 
is fully connected to a group of nlore than one piers, then Leff shall be taken as 
the distance bet\veen the support and the centre of the group of piers. In this 
context "fu11 connection" l11eans a connection of the deck or deck section to a 
substructure member, either nlonolithically or through fixed bearings, seisnlic 
11nks, or STUs, without force limiting function. 

is the effective seisillic displacenlent of the support due to the defornlation of the 
structure, estill1ated as follows. 

For decks connected to piers either monolithically or through fixed bearings acting 
as full seisll1ic links: 

(6.15a) 

where dEd is the total design value of the longitudinal displacell1ent in the seisnlic 
design situation detell11ined in accordance with expression (2.7) in 2.3.6.3. 

For decks connected to piers or to an abutment through seismic links with slack 
equal to s: 

(6.l5b) 

(4) In the case of an internlediate separation joint between two sections of the deck, 
loy should be estil11ated by taking the square root of the sunl of the squares of the values 
calculated each of the two sections of the deck in accordance with (3). At an end 
support of a deck section on an inte1111ediate pier, should be taken as the value 

90 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

estinlated in accordance with (3) plus the 111axinlu111 displacen1ent of the top of the pier 
in the seistl1ic design situation, dE. 

6.7 Concrete abutments and retaining walls 

6.7.1 General requirements 

(l)P All critical structural conlponents of the abutIl1ents shall be designed to renlain 
essentially elastic under the design seismic action. The design of the foundation shall be 
in accordance with 5.S. Depending on the structural function of the horizontal 
connection between the abutnlent and the deck the provisions of6.7.2 and 6.7.3 apply. 

NOTE: Regarding controlled damage in abutment back-walls see 2.3.6.3(5). 

6.7.2 Abutments flexibly connected to the deck 

(1) In abutlnents flexibly connected to the deck, the deck is supported through 
sliding or elastonleric bearings. The elastonleric bearings (or the seisnlic 11nks, if 
provided) may be designed to contribute to the seisnlic resistance of the deck, but not to 
that of the abutlnents. 

(2) The following actions, assunled to act in phase, should be taken into account for 
the seismic design of these abutnlents. 

a. Earth pressures including seisnlic effects deternlined 111 accordance with EN 
1998-5 :2004, Section 7. 

b. Inertia forces acting on the 1nass of the abutn1ent and on the Inass of earthfi1l 
lying over its foundation. In general these effects l11ay be determined on the basis of the 
design ground acceleration at the top of the ground of the site, agS. 

c. Actions fr0111 the bearings dete1111ined as capacity design effects in accordance 
with 5.3(7)P and 5.3(S)P if a ductile behaviour has been assul11ed for the bridge. If the 
bridge is designed for q 1,0, then the reactions on the bearings resulting fronl the 
seislnic analysis shall be used. 

(3) When the earth pressures assulned in (2)a are determined in accordance with EN 
1998-5:2004, on the basis of an acceptable displacement of the abutInent, provision for 
this displacement should be n1ade in deternlining the gap between the deck and the 
abutnlent back-wall. In this case it should also be ensured that the displacenlent 
assUlned in detern1ining the actions in (2)a, can actually take place before a potential 
failure of the abutment itself occurs. This requirenlent is deenled to be satisfied if the 
design of the body of the abutnlent is effected using the seisnlic part of the actions in 
(2)a increased by 30%. 

6.7.3 Abutments rigidly connected to the deck 

(1) The connection of the abutnlent to the deck is considered as rigid, if it is either 
monolithic, or through fixed bearings, or through links designed to carry the seisnlic 
action. Such abutnlents have a major contribution to the seisll1ic resistance, both in the 
longitudinal and in the transverse direction. 
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(2) The analysis n10del should incorporate the effect of interaction of the soil and 
the abutn1ents~ using either best-estin1ate values of the relevant soil stiffness paran1eters 
or values corresponding to upper and lower bound stiffness. 

(3) \Vhen the seisn1ic resistance of the bridge is provided by both piers and 
abutn1ents~ the use of upper and lower bound estimates of the soil stiffness is 
recon1n1ended, in order to arrive at results which are on the safe side both for the 
abutl11ents and for the piers. 

(4)P A behaviour factor q 1,5 shall be used, in the analysis of the bridge. 

(5) The following actions should be taken into account in the longitudinal direction. 

a. Inertia forces acting on the lnass of the structure, which may be estin1ated using 
the Fundal11ental Mode l\1ethod (see 4.2.2). 

b. Static earth pressures acting on both abutn1ents (Eo). 

c. The additional seisn1ic earth pressures 

(6.16) 

where: 

Ed is the total earth pressure acting on the abutment under the design seis111ic action 
in accordance with EN 1998-5:2004. The pressures LIEd are assun1ed to act in 
the san1e direction on both abutn1ents. 

(6) The connection of the deck to the abutment (including fixed bearings or links, if 
provided) should be designed for the action effects resulting froln the above paragraphs. 
Reactions on the passive side ITIay be taken into account in accordance with (8). 

(7) In order that dalnage of the soil or the embankn1ent behind an abutment rigidly 
connected to the deck is kept within acceptable limits, the design seisn1ic displacen1ent 
should not exceed a limit value, d1im, depending on the in1portance class of the bridge. 

NOTE: The value ascribed to for use in country may be found in its National Annex. The 
recommended values of djjm are as follows: 
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Table 6.2N. Recommended limit value of design seismic displacement at abutments rigidly 
connected to the deck 

Bridge Importance Class 

III 

Il 

Displacement Limit d1illl (mm) 

30 

60 

No limitation 

(8) The soil reaction activated by the moven1ent of the abutnlent, and of any wing
walls nl0nolithically connected to it, towards the fill is assunled to act 011 the following 
surfaces. 
- In the longitudinal direction, on the external face of the back-wall of that abutment 

which nloves against the soi I or fill. 
- In the transverse direction, on the internal face of those wing-walls which 1110ve 

against the filL 

These reactions nlay be estilnated on the basis of horizontal soil 1110duli corresponding 
to the specific geotechnical conditions. 

The relevant abutn1ent should be designed to resist this soil reaction, in addition to the 
static earth pressures. 

(9) When an abutment is enlbedded in stiff natural soil forn1ations over n10re than 
80% of its height, it can be considered as fully locked-in. In that case q 1 should be 
used and the inertia forces should be deternlined on the basis of the design ground 
acceleration at the top of the ground of the site, agS (that is without spectral 
anlplification). 

6.7.4 Culverts with large overburden 

(1) In culverts with a large depth fill over the top slab (exceeding 50% of its 
span), the assumptions of inertial seisnlic response used in 6.7.3 may not be applied, as 
they lead to unrealistic results. In such a case the inertial response should be neglected 
and the response should be calculated on the basis of kinen1atic conlpatibility between 
the culvert structure and free-field seisnlic deforIl1ation of the surrounding soil 
corresponding to the design seismic action. 

(2) To this end the free-field seisnlic soil defornlation nlay be assulned as a unifonn 
shear-strain field (see Figure 6.3) with shear strain: 

Ys = (6.17) 

where 

Vg is the peak ground velocity (see (3) below) 
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Vs is the shear wave velocity in the soil under the shear strain corresponding to the 
ground acceleration. This value n1ay be estilnated from the value Vs,max for sl1Jall 
strains, frol11 EN 1998-5 :2004, Table 4.1. 

9(1' - Ys 

Key 

Y5: Free-field soil deformation 

Figure 6.3: Kinematic response of culvert 

(3) In the absence of specific data, the peak ground velocity should be estimated 
fron1 the design ground acceleration ag on type A ground, using the relation 

STCa g v = __ w 

g 27r 
(6.18) 

where Sand Te are in accordance with EN 1998-1 :2004, 3.2.2.2. 

6.7.5 Retaining walls 

(l)P Free standing retaining walls shall be designed in accordance with 6.7.2(2) and 
(3), without any action from bearings. 
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7 BRIDGES WITH SEISl\1IC ISOLATION 

7.1 General 

(l)P This Section covers the design of bridges that are provided with a special 
isolating systenl, aill1ing to reduce their response clue to horizontal seisnlic action. The 
isolating units are arranged over the isolation interface, usually located under the deck 
and over the top of the piers/abutlnents. 

(2) The reduction of the response may be achieved: 

- by lengthening of the fundanlental period of the structure (effect of period shift in 
the response spectrum), which reduces forces but increases displacements; 

by increasing the dall1ping, which reduces displacenlents and 111ay reduce forces; 

- (preferably) by a conlbination of the two effects. 

7.2 Definitions 

isolating system 
co11ection of conlponents used for providing seisll1ic isolation, located at the isolation 
interface 

isolator units or isolators 
the individual conlponents, constituting the isolation systelTI. Each unit provides a single 
or a c0111bination of the following functions: 

- vertical-load carrying capability, c0111bined with high lateral flexibility and high 
vertical rigidity; 

- energy dissipation (hysteretic, viscous, tJjctional); 

- lateral restoring capability; 

horizontal restraint (sufficient elastic stiffness) under non-seisnlic service horizontal 
loads 

substructure(s) 
partes) of the structure located under the isolation interface, usually consisting of the 
piers and abutnlents. The horizontal flexibility of the substructures should in general be 
accounted for. 

superstructure 
part of the structure located above the isolation interface. In bridges this part is usually 
the deck 

effective stiffness centre 
stiffness centre C at the top of the isolation interface, considering the superstructure as 
rigid, but accounting for the flexibilities of the isolator units and of the substructure( s) 

design displacement (dcd) of the isolating system in a principal direction 
maxinlum horizontal displacement (relative to the ground) of the superstructure at the 
stiffness centre, occurring under the design seisn1ic action 
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design displacement (tlbi) of an isolator i 
displacement of superstructure relative to the substructure at the location of the 
isolator, corresponding to the design displacelnent of the isolating systenl 

increased design displacement (tlbi,a) of isolator i 
design displacement of the isolator, multiplied by the anlphfication factor f1s In 
accordance with 7.6.2 

maximum total displacement of isolator unit i 
sum of the increased design displacement, the offset displacenlent due to pernlanent 
actions, long-tenn defomlations of the superstructure (post-tensioning, shrinkage and 
creep for concrete decks) and 50% of the dispJacelnent due to thennallnovenlents. 

effective stiffness of the isolating system in a principal direction 
ratio of the value of total horizontal force transferred through the isolation interface, 
concurrent to the design displacelnent in the sanle direction, divided by the absolute 
value of the design displacement (secant stiffness). 

effective period 
fundanlental period in the direction considered, of a single-degree-of-freedom systel11 
having the mass of the superstructure and stiffness equal to the effective stiffness of the 
isolating systenl, as speci fi ed in 7.5.4 

effective damping of the isolating system 
value of viscous damping ratio, corresponding to the energy dissipated by the isolation 
systenl during cyclic response at the design dispJacelnent 

simple low-damping elastomeric bearings 
lanlinated low-damping elastOlneric bearings in accordance with EN 1337-3:2005, not 
subject to prEN 15129:200X (Antiseislnic Devices) (see 7.5.2.3.3(5)) 

special elastomeric bearings 
la111inated high danlping elastomeric bearings successfuUy tested in accordance with the 
requirenlents of prEN 15129:200X (Antiseislnic Devices) (see 7.5.2.3.3(7)). 

7.3 Basic requirenlents and compliance criteria 

(l)P The basic requirelnents set forth in 2.2 shan be satisfied. 

(2)P seis111ic response of the superstructure and substructures under the ___ ~""~~ 
seislnic design situations shall be assunled as linlited ductile (q :::; 1,5). 

(3) The bridge is deenled to satisfy the basic requirements, if it IS designed In 
accordance with 7.4 and 7.5 and confonns to 7.6 and 7.7. 

(4)P Increased reliability is required for the strength and integrity of the isolating 
systenl, due to the critical role of its displacelnent capability for the safety of the bridge. 
This reliability is deenled to be achieved if the isolating systeln is designed in 
accordance with the requirell1ents of 7.6.2. 
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(5)P For all types of isolator units, with the exception of sin1ple elastomeric low
dan1ping bearings in accordance with 7.5.2.3.3(5) and (6) and the flat sliding bearings in 
accordance with 7.5.2.3.5(5), the design properties shall be validated on the basis of 
Qualification and Prototype tests. 

NOTE Informative annex K is intended to provide guidance on prototype testing in cases where 
prEN lS129:200X (,'Anti-seismic devices") does not include detailed requirements for type 
testing 

7.4 Seismic action 

7.4.1 Design spectra 

(l)P The spectrUlTI used shall be not lower than the elastic response spectrum 
specified in EN 1998-1 :2004, 3.2.2.2 for non-isolated structures (see EN 1998-1 :2004, 
3.2.2.5(8)P). 

NOTE Particular attention should be given to the fact that the safety of structures with seismic 
isolation depends mainly on the displacement demands for the isolating system that are directly 
proportional to the vallie of period Therefore, and in accordance with EN 1998-1 :2004, 
3.2.2.5(8)P, the National Annex to this Part of Eurocode 8 may specify a vallie of specifically 
for the design of bridges with seismic isolation that is more conservative (longer) than the value 
ascribed to TD in the National Annex to EN 1998-1 :2004 (see also 3.2.2.3). 

7.4.2 Time-history representation 

(l)P The provisions of 3.2.3 apply. 

7.5 Analysis procedures and modelling 

7.5.1 General 

(1) The following analysis procedures, with conditions for application specified in 
7.5.3, are provided for bridges with seislnic isolation. 

a) Fundamentallnode spectrU111 analysis 

b) Multi-mode spectru111 analysis 

c) Time-history non-linear analysis 

(2)P In addition to the conditions specified in 7.5.3, the following are prerequisites 
for the application of methods (a) and (b) in (1) 

The usually non-linear force-displacen1ent relationship of the isolating systen1 shall 
be approxin1ated with sufficient accuracy by the effective stiffness (KelT), i.e. the 
secant value of the stiffness at the design displacen1ent (see Figure 7.1). This 
representation shall be based on successive approxin1ations of the design 
displacen1ent (ded). 

The energy dissipation of the isolating system shall be expressed 111 tell11S of an 
equivalent viscous damping as the "effective dan1ping" «(eft). 
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(3) If the isolating systenl consists exclusively of simple lo\v-danlping elastolneric 
bearings (equivalent viscous dmnping ratio approximately 0,05), the normal linear 
dynamic analysis nlethods specified in 4.2 nlay be applied. The elastonleric bearings 
111ay be considered as linear elastic nlenlbers, deforming in shear (and possibly in 
c0111pression). Their dmnping may be assumed equal to the global viscous danlping of 
the structure (see also 7.5.2.3.3(2)). The entire structure should remain essentially 
elastic. 

7.5.2 Design properties of the isolating system 

7.5.2.1 General 

(L)P All isolators shall confonn to prl5129:200X (Antiseismic Devices) or be 
covered by an ETA (European Technical Approval) . 

. :-JOTE I: prE~ ] 5 129:200X: Antiseismic Devices is being prepared by CENlTC340. Until this 
EN is published by CEN, as well as for the case of isolators whose Prototype tests are 110t flllly 
covered by this latter the requirements given in Informative Annex K of the present 
standard may be L1sed. 

NOTE 2: Regarding simple low-damping eJastomeric bearings in accordance with 7.5.2.3.3(4), 
(5) and (6) and lubricated PTFE (polytetratluorethylene) flat sliding bearings L1sed in accordance 
with 7.5.2.3.5(5) see references above as well as 7.5.2.4 (5), (6) and (7). 

7.5.2.2 Stiffness in vertical direction 

(l )P The isolator units that carry vertical loads shall be sufficiently stiff in the 
vertical direction. 

(2) The requirenlent in (1)P is deelned to be satisfied if the horizontal displacement 
at the centre of ll1ass of the superstructure, due to the vertical flexibility of the isolator 
units, is less than 5% of the design displacelnent ded. This condition need not be 
checked if sliding or simple low-damping elastomeric bearings are used as vertical load 
carrying elements at the isolation interface. 

7.5.2.3 Design properties in horizontal directions 

7.5.2.3.1 General 

(1) The design properties of the isolators depend on their behaviour, which 11lay be 
one or a cOlnbination of those described in subclauses 7.5.2.3.2 to 7.5.2.3.5. 

7 .5.2.3.2 Hysteretic behaviour 

(1) The force-displacelnent relationship of the isolator unit in the horizontal 
direction nlay be approxinlated by a bi-linear relationship, as shown in Figure 7.1, for 
an isolator unit i (index i is 0111itted). 
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Figure 7.1: Bilinear approximation of hysteretic force-displacenlent behaviour 

(2) The parameters of the bi-linear approxit11ation are the fonowing: 

dy yield displacement; 

dbd = design displacel11ent of the isolator corresponding to the design displacement ded 

of the isolating systenl; 

ED dissipated energy per cycle at the design displacement dbej, equal to the area 
enclosed by the actual hysteresis loop = 4(Fydbd - Fmaxdy); 

Fy yield force under Inonotonic loading; 

Fo force at zero displacel11ent under cyclic loading 

= Inaxin1unl force, corresponding to the design displacenlent dbd ; 

Kc = elastic stiffness at nlonotonic loading = , equal also to the unloading 
stiffness in cyclic loading; 

Kp = post-elastic (tangent) stiffness 

7.5.2.3.3 Behaviour of elastomeric bearings 

(l) Elastonleric bearings considered in this Part are lanlinated rubber bearings 
consisting of Illbber layers reinforced by integrally bonded steel plates. With regard to 
danlping, elastOlneric bearings are distinguished in low-damping and high-da111ping 
bearings. 

(2) Low-dan1ping elastolneric bearings are those with an equivalent viscous 
damping ratio .; less than 0,06. Such bearings have a cyclic behaviour sinlilar to 
hysteretic behaviour with very slender hysteresis loops. Their behaviour should be 
approxilnated by that of a linear elastic nlelnber with equivalent elastic stiffness in the 
horizontal direction equal to GbAbltc where Gb is the shear lnodulus of the elaston1er 
(see 7.5.2.4(5)), Ab its effective horizontal area and tc is the total thickness of the 
elastomer. 
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(3) High-damping elasto111eric bearings exhibit substantial hysteresis loops, 
corresponding to an equivalent viscous danlping ratio;: usually between 0, I 0 and 0,20. 
Their behaviour should be considered as linear hysteretic. 

(4) Fronl the point of view of required special tests for seisll1ic perfofll1ance, 
elastonleric bearings are distinguished in this part as sinlple low-danlping and special 
elastonleric bearings. 

(5) Low-darnping bearings confolming to EN 1337-3:2005 are defined as sinlple 
low-damping elastomeric bearings. 

(6) Sinlple low-danlping elastonleric bearings may be used as isolators, without 
being subjected to specia1 tests for SeiS111ic perforrnance. 

(7) Special elastOlneric bearings are high damping elastomeric bearings specially 
tested in accordance with the requirenlents of pr l5l29:200X (Antiseisnlic Devices). 

(8) The design properties of elastonleric bearings used in this Section should cover 
both the unscragged and the scragged conditions of the bearings. 

NOTE is exhibited by elastomeric bearings if have been previollsly (i.e. before 
testing) subjected to one or more cycles of high shear deformation. Scragged bearings shmv a 
significant drop of the shear stiffness in subsequent cycles. It appears however that the original 
(virgin) shear stiffness of the is practically recovered after a certain time (a few 
months). This effect is prominent mainly in high and in lmv shear modulus bearings 
and should be accounted for by using an appropriate range of design parameters (see K.2.1 and 
K.2.3.3 R4). 

(9) Lead Rubber Bearings (LRB) consist of low-damping elastomeric bearings with 
a cylindrical lead core. Yielding of the lead core provides such devices with substantial 
hysteretic behaviour. This hysteretic behaviour n1ay be represented by the bilinear 
approxinlation shown in Figure 7.1 with the following pararneters: 

Elastic stiffness: Kc = KL + KR 

where KR and KL are the shear stiffnesses of the elast0111eric and lead parts of the 
device, respectively; 

- Post-elastic stiffness: Kp KR; 

Yield force: Fy 

where FLy is the yield force of the lead core. 

NOTE 1: When then K~ 

NOTE 2: LRBs shou1d be in accordance with EN pr15129:200X: Antiseismic Devices. 

7.5.2.3.4 Fluid viscous dampers 

(1) The reaction of fluid viscous danlpers is proportional to , where 
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v = db = ~(d ) is the velocity of motion. This reaction is zero at the maXlmmll 
dt b 

displacement d l11ax = dbd and therefore does not contribute to the eflectlve stiffness of the 
isolating systen1. The force-displaceillent relationship of a fluid viscous danlper is 

shown in Figure7.2 (for sinusoidal n10tion), depending on the value of the exponent abo 

Figure 7.2: Viscous force-displacement behaviour 

db = dbd sin(wt), with w = 2n/Tcff 

F = Cv a
" = F l11ax ( cos( wt)) a" 

f( ) = is the gamn1a function 

NOTE: In certain cases of viscous devices (fluid dampers) with low ab-values, combination of 
the viscous element with a linear spring in series (reflecting the fluid compressibility) is 
necessary to give satisfactory agreement of the force-velocity relationship \vith test results for 
ED. However this has only minor influence on the energy (ED) dissipated by the device. 

7.5.2.3.5 Friction behaviour 

(1) Sliding devices with a flat sliding surface limit the force transn1itted to the 
superstructure to: 

. 
F l11ax = )1dNsdsign ( db) (7.1) 

where: 

)1d is the dynamic friction coefficient 

NSd is the normal force through the device, and 

101 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

. . 
sign( db) is the sign of the velocity vector db 

db is the relative displacenlent of the t\VO sliding surfaces 

Such devices however can result in substantial pel111anent displacements. Therefore 
they should be used in cOlnbination with devices providing adequate restoring 
capability (see 7.7.1). 

I 

i.-
I 
i 
! Fmax 
I 

F 

Figure 7.3: Friction force-displacement behaviour 

(2) Sliding devices with a spherical sliding surface of radius Rb provide a restoring 
force at displacenlent db equal to JVsddblRb. For such a device the force displacement 
relationship is: 

NSd .• 
Fmax = Rdbd + PdNSdslgn (d bel) 

b 

NOTE: (7.2) offers sufficient approximation when dblRb ~ 0,25 

(3) In both the above cases the energy dissipated per cycle ED (see 
the design displacenlent dbd anlounts to: 

(4) The dynanlic friction coefficient Jid depends mainly on: 

- the c01npositioll of the sliding 

the use or not of lubrication; 
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NOTE: Information on tests that may be Llsed for the determination of the dynamic friction 
coefficient is given in Informative Annex K. It should be noted that for lubricated pure virgin 
PTFE that slides on polished stainless steel surface, the dynamic friction coefficient Illay be 
quite low (~ 0,01) at the range of velocities corresponding to seismic Illotions and under lhe 
lIslial range of bearing pressures on the sliding surface in the seismic design situation. 

(5) Provided that the equivalent danlping of the isolating system is assessed 
ignoring any contribution fron1 these elements, sliding bearings with a lubricated PTFE 
flat sliding surface allowing sliding in both horizontal directions in accordance with EN 
1337-2:2000 and elastOlneric bearings with sliding lubricated PTFE elenlents allowing 
sliding in one horizontal direction, while in the other direction they behave as simple 
low danlping elastonleric bearings, in accordance with EN 1337-2:2000 and EN 1337-
3 :2005, are not subject to special tests for seismic perfornlance. 

7.5.2.4 Variability of properties of the isolator units 

(l)P The nOlninal design properties (DP) of isolator units shall be validated in general 
in accordance with prEN 15129:200X: Antiseisnlic Devices or be included in a ETA, 
with the exception of the special cases of sinlple low dan1ping elastonleric bearings in 
accordance with 7.5.2.3.3(5) and 7.5.2.3.3(6), and of sliding bearings in accordance 
with 7.5.2.3.5(5), for which (4), (5) and (6) below apply. 

NOTE See also Note under 7.5.2.1(1)P. 

(2)P The nOl11inal properties of the isolator units, and hence those of the isolating 
systen1, may be affected by ageing, temperature, loading history (scragging\ 
contamination, and cUI11ulative travel (wear). This variability shall be accounted for in 
accordance with Annex J, by using the following two sets of design properties of the 
isolating system, properly established,: 

- Upper bound design properties (DBDP), and 

Lower bound design properties (LBDP). 

(3)P In general and independently of the ll1ethod of analysis, two analyses shall be 
perfolll1ed: one using the UBDPs and leading to the maximum forces in the substructure 
and the deck, and another using the LBDPs and leading to the nlaxinlUI11 displacelnents 
of the isolating systenl and the deck. 

(4) Multi-l11ode spectrun1 analysis or Til11e-history analysis 111ay be perfonned on 
the basis of the set of the n0111inal design properties, only if the design displacements 
ded, resulting from a Fundanlental nlode analysis, in accordance with 7.5.4, based on 
UBDPs and LBDPs, do not differ fron1 that corresponding to the design properties by 
more than ±15%. 

~ (5) The n0111inal design properties of simple low-damping elastol11eric bearings in 
accordance with 7.5.2.3.3(5) and (6), may be assunled as follows: ®J 

- Shear modulus 
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NOTE: The value of a typically ranges from 1 J to 1,4. The appropriate value is best determined by 

testing of the device. 

where Gg is the value of the "apparent conventional shear nl0dulus" in accordance 
with EN 1337-3:2005; 

Equivalent viscous damping ~elT 0,05 

(6) The variability of the design properties of sinlple low-datnping elastomeric bearings, 
due to ageing and tenlperature, Inay be linlited to the value of Gb and assumed as follows: 

LBDPs 

UBDPs depend on the .... nlinilTIUnl bearing tenlperature for seisnlic design" ~nin,b (see 
J .1(2)) as follows: 

the value of Gb,max should correspond to 

NOTE: In tbe absence of relevant test results, the Gb.max value for < O°C may be obtained 

from G b adjusted regarding temperature and ageing in accordance with the values corresponding 
to Kp, specified in Tables .Ill and .112. ®I 

(7) Values of friction paranleters of the sliding elenlents whose contribution in the 
energy dissipation is ignored in accordance with 7.5.2.3.5(5), should be taken in 
accordance with EN 1337-2:2000. 

7.5.3 Conditions for application of analysis methods 

(l)P The Fundanlental 1110de spectrunl analysis may be applied if all of the following 
conditions are nlet: 

a. The distance of the bridge site to the nearest known seisnlically active fault exceeds 
10 km. 

b. The ground conditions of the site correspond to one of the ground types A, B, C or E 
of EN 1998-1 :2004, 3.1.1. 

c. The effective danlping ratio does not exceed 0,30. 

(2)P Multj-nlode Spectrum Analysis may be applied if both conditions band c of 
(l)P are nlet. 

(3) Tinle-history non-linear analysis nlay be applied for the design of any isolated 
bridge. 

7.5.4 Fundamental mode spectrum analysis 

(1) The rigid deck 1110del (see 4.2.2.3) should be used in all cases. 
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(2)P The shear force transferred through the isolating interface in each principal 
direction shall be deternlined considering the superstructure as a single-degree-of
freedom system and using: 

the effective stiffness of the isolation systelTI, Kef'!' 

the effective daolping of the isolation systenl, (efT 

the mass of the superstructure, MI 

the spectral acceleration Sc(Tcfr, '7crr) (see EN 1998-1 :2004, 3.2.2.2) corresponding 
to the effective period, with '7e[f= J7((elT) 

The va1ues of these paranleters should be determined as foHows: 

- Effective stiffness 

J: Kcff,i (7.4) 

where K~/li is the conlposite stiffness of the isolator unit and the corresponding 
substructure (pier) i. 

Effective dan1ping 

SCff 
1 r J:EO.i ] 

- Keffd;d 
(7.5) 

where: 

is the sun1 of dissipated energies of all isolators i in a full deformation cycle at 
the design displacenlent ded . 

Effective Period 

(7.6) 

15> (3) This leads to the results shown in Table 7.1 and Figure 7.4. 

Table 7.1: Spectral acceleration Se and design displacenlent dcd 

Tefl Se ded 

Tc 
de Tc S TeJT< To 2,5 - OgS17eff 

Tctl c 

TcTo 
de To sTeff s 4 s 2,5 --') - U g S'7 efr 

Tefl' ~ C 

vvhere: 

)'rOg,R (7.7) 
and 

(7.8) <51 
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E1) The value of Ilerr should be taken fron1 the expression 

'7c tT = 1----~0,40 

Maxilnun1 shear force 

where: 

(7.9) 

(7.10) 

S, and TD are paran1eters of the design spectrU111 depending on the ground type, 
in accordance with 7.4.1 (1)P and EN 1998-1 :2004, 3.2.2.2; 

is the design ground acceleration on type A ground corresponding to the inlportance 
category of the bridge; 

)11 is the ilnportance factor of the bridge; and 

ag,R is the reference design ground acceleration (corresponding to the reference retunl 
period). 

T[/7;: ------------------.~----

1,0 

Figure 7.4: Acceleration and displacement spectra 

NOTE 1: The elastic response spectrum in EN 1998-1 :2004, )P applies up to periods of 4 s. For 
values of longer than 4 the clastic displacement response spectrum in EN 1998-1 :2004, Annex A may 
be used and the elastic acceleration response spectrum may be derived from the elastic displacement 
response spectrum by inverting expression (3.7) in EN 1998-1 :2004. Nonetheless, isolated bridges with TelT 

4 deserve special attention, due to their inherently low stiffness against any horizontal action. 

NOTE 2: For a of height Hi with a displacement stiffness Ksi (kN/m), supported by a foundation with 
translation stiffness (kN/m), rotation stiffness Kfi (kNm/rad), and isolator unit i with effective 
stiffness Kbi (kN/m), the composite stiffness KefLi is Figure 7.5N): 

1 1 

K 
-+-+ 
Kbi K 

(7.1 ] 

F 
The flexibility of the isolator and its relative displacement typica1ly is much larger than the other 

Kbi 

components ofthe superstructure displacement. For this reason the effective damping ofthe system depends 
only on the sum of dissipated energies of the isolators, and the relative displacement ofihe isolator is 
practically equal to the displacement of the superstructure at this point = KefC/Kbi 1). ®I 
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Figure 7.SN: Composite stiffness of pier and i isolator (5) 

(4) In essentially non-linear systems, Ketf and (eff depend on the design displacement 
dcd (see dbd in Figure 7.1). Successive approxinlations of dcd should be performed to 
lilnit deviations between the assun1ed and calculated values within ±5%. 

(5) For the detern1ination of the seismic action effects on the isolating systenl and the 
substructures in the principal transverse direction (let's say direction y), the influence of 
plan eccentricity in the longitudinal direction ex (between the effective stiffness centre and 
the centre of mass of the deck) on the superstructure displacement did over pier i, should 
be evaluated as follows: 

(7.12) 

.s. ex 
u' =1+--x· I 1 

(7.13 ) 
r rx 

with: 

I:{x.2 K ' + y2 K .) 
r2 = 1 yl 1 Xl 

X I:Kyi 
(7.14) 

where: 

ex is the eccentricity in the longitudinal direction; 

r is the radius of gyration of the deck Inass about the vertical axis through its 
centre of mass; 
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Xi andy! are the coordinates of pier i relative to the effective stiffness center; 

Kyi and Kxi are the effective conlposite LLU • ..., ... " .. " .. ""J of isolator unit and pier i, in the y 
and x directions~ respectlvely. 

NOTE: In straight bridges usuallY}'i In sllch cases the term v:C J( . ll1 eXJ)rt:S~\1Ul1 
•• I XI 

14) 

may be omitted. 

(6)P Subclause 4.2.1.4(2) shall be app1ied for the conlbination of cOlnpo11ents of the 
seislnic action. 

7.5.5 Multi-mode Spectrum Analysis 

(l)P The modelling of the isolating systelll shall reflect with sufficient accuracy: 

the spatial distribution of the isolator units and the relevant overturning effects, and 

the translation in both horizontal directions and the rotation about the vertical axis 
of the superstructure. 

(2)P The 1110delling of the superstructure shall reflect with sufficient accuracy its 
defornlatiol1 in plan. Accidental ll1ass eccentricity need not be considered. 

(3) modelling of the substIuctures should reflect with sufficient accuracy the 
distribution of their stiffness properties and at least the rotational stiftiless of the 
foundation. When the pier has significantlnass and height, or if it is iInlllersed in water, 
its mass distribution should also be properly Inodelled. 

(4) The effective danlping given by expression (7.5) may be applied only to nlodes 
having periods higher than 0,8 Tcff. For al1 other nlodes, unless a nlore accurate 
estilnation of the relevant danlping ratio is 11lade, the dmnping ratio corresponding to the 
structure without seisnlic isolation should be used. 

(5)P Subclause 4.2.1.4(2) shall be applled for the conlbination of the horizontal 
cOlllponents of the seis111ic action. 

(6) The resulting displacenlent of the stiffness centre of the isolating system (ded) 

and the resulting total shear force transfened through the isolation interface (Vd) in each 
of the two-horizontal directions, are subject to lower bounds as follows: 

(7.15) 

Pv 0,80 (7.16) 

where: 

del" Vr are respectively the design displacen1ent and the shear force transferred through 
the isolation interface, calculated in accordance with the FundaInental tTIode 
spectlU111 analysis of 7.5.4. For the needs of the verification of expressions 
(7.15) and (7.16), the 11mitations of 7.5.3(I)P do not apply. 

108 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

(7) In case the conditions in (6) are not illet, the relevant effects on the isolation 
systeln, the deck and the substructures should be Inultiplied tinles: 

0,80 4-' I ' 'd' 1 -- lor t le se1S1111C ]SP acenlents, or (7.17) 
Pd 

0,80 4-' 1 ' . 4-' d -- lor t le SelSlTIIC lorces an nl0111ents (7.18) 
Pv 

(8) The limitations of (6) and the relevant corrections in (7), need not be applied if 
the bridge cannot be approxinlated (even crudely) as a single-degree-of-freedom nl0del. 
Such cases 111ay appear in: 

bridges with high piers, the nlass of which has a significant influence on the 
displacelnent of the deck 

- bridges with a substantial eccentricity ex in the longitudinal direction between the 
centre of lTIaSS of the deck and the effective stiffness centre (ex> 0,1 OL) 

In such cases it is recOlTImended that the lill1itations and corrections of (6) and (7) are 
applied in each direction to displacenlents and forces derived fron1 the fundamental 
Inode of the actual bridge nlodel in the saIne direction. 

7.5.6 Time history analysis 

(l)P Subc1auses 7.5.5(l)P, (2)P, (3), (6), (7)P and (8)P apply, using in expressions 
(7.15) and (7.16) as values of ded and Vd the cOlTesponding design action effects in 
accordance with 4.2.4.3(I)P. 

7.5.7 Vertical component of seisnlic action 

(l) The effects of the vertical cOlnponent of the SeiSl11ic action ll1ay be deternlined 
by linear response spectrunl analysis, regardless of the method used for the 
detemlination of the response to the horizontal SeiSlTIic action. For the conlbination of 
the action effects 4.2.1.4 applies. 

7.6 Verifications 

7.6.1 Seismic design situation 

(l)P The SeiSlTIic design situation is described by expression (5.4) in 5.5(l)P. 

(2)P The design seisn1ic action effects for the isolating systenl shall be taken in 
accordance with 7.6.2 and those for the superstructure and substructure in accordance 
with 7.6.3. 

7.6.2 Isolating system 

~ (l)P The required increased reliability of the isolating systenl (see 7.3(4)P) shall be 
inlplenlented by designing each isolator i for increased design displacenlents dbi,a: ~ 
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(7.19) 

where )1s is an an1plification factor that is applied only on the design seisn1ic displacen1ent 
dbi.d of each isolator i resulting fron1 one of the procedures specified in 7.5. 

If the spatial variability of the seismic action is accounted for through the Sil11plified 
n1ethod of 3.3(4), (5), (6) and (7)P, the increased design displacen1ents shall be estin1ated 
by application of the rule of3.3(7)P, where the displacements dbi.d due the inertia response 
detern1ined in accordance with one of the n1ethods in 7.5 shall be an1plified in 
accordance with expression (7.19) above, while those corresponding to the spatial 
variability detern1ined in accordance with 3.3.(5) and (6), need not be an1plified. 

NOTE The value ascribed 10 Ifs for use in a country may be defined in its National Annex. The 
recommended value is Ifs = 1,50. 

(2)P The n1axin1um total displacen1ent of each isolator unit in each direction dm.i 

shall be verified fron1 expression (7 .l9a) by adding to the above increased design seis111ic 
displacement, the offset displacen1ent dG.i potentially induced by: 

a) the pern1anent actions; 

b) the long-term deformations (post-tensioning, shrinkage and creep for concrete decks) 
of the superstructure; and 

c) 500/0 of the thern1al action. 

(7.l9a) 

NOTE An additional condition for the displacement capacity dll1 . i of the isolators is given in 7.7.1 (4). 

(3)P All con1ponents of the isolating systenl shall be capable of functioning without 
significant change in isolation properties up to their displacen1ent capacity dm•i in the 
relevant direction. 

(4)P The design resistance of each load-carrying 111ember of the isolation systen1, 
including its anchorage, shaH exceed the force acting on the men1ber at the total111axin1um 
displacen1ent. It shall also exceed the design force caused by wind loading of the 
structure in the re levant direction. 

NOTE The maximum reaction of hydraulic viscolls dampers (see 7.5.2.3.4) cOlTesponding to the 

increased displacement may be estimated by multiplying the reaction resulting from the 

analysis times , with (Xb as defined in 7.5.2.3.4 

(5) Isolator units consisting of simple 10w-dan1ping elasto111eric bearings should be 
verified for the action effects in (I)P to (4)P, in accordance with the relevant rules of 
EN 1337-3:2005 as follows. The maxin1um total design shear strain in the bearing should 
be calculated as the SUI11 of 

a) the design shear strain due to vertical c01l1pression, 

b) the shear strain corresponding to the total design horizontal displacen1ent and 

c) the shear strain corresponding to the total design angular rotation <51 
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15> of the bearing in the seis111ic design situation, \vithout nlultiplication of this SU111 by an 
anlplification factor. This strain should not exceed the value of Eu,d according to relation 
(2) of 5.3.3 of EN 1337-3:2005. Buckling and sliding stability should be checked 
according to the relevant rules of 5.3.3.6 of EN 1 :2005. 

NOTE The value ascribed to the partial t~lctor Xn in the relation for C:u.d for lise in (1 coulltry for the 
calculation of the design resistance of simple low-damping elastomeric bearings in the seismic 
design situation may be specified in the ~ational Annex of the country. The recommended value is 
Xll 1,00. ®l 

(6) For simple low da111ping elaston1eric bearings, in addition to the verification of 
(S), the following condition should be verified: 

2,0 (7.20) 

where Cq,d is the shear strain calculated in accordance with expression (10) in EN 1337-
3:2005, 5.3.3.3. In this context Vx,d and should be taken equal to the 111axinlunl total 
relative displacelnents in the horizontal directions x and y, as specified in (2) above. 

(7) No uplift of isolators carrying vertical force is allowed in the seismic design 
situation with the seis111ic action as specified by 7.4. 

(8) The sliding elelnents Inentioned in 7.S.2.3.S(S) should be designed in 
accordance with EN 1337-2:2000, for seisn1ic design displacenlent in accordance with 
(l)P above. 

7.6.3 Substructures and superstructure 

(l)P The seisnlic internal forces E EA in the substructures and superstructure due to the 
design seisn1ic action alone, shall be derived from the results of an analysis in 
accordance with 7.S. 

(2) design seisn1ic forces due to the design seismic action alone, may be 
derived fronl the forces EEA of (l)P, after division by the q-factor corresponding to 
lilllited ductile/essentially elastic behaviour, i.e. FE with q ::;; 1,50. 

(3) All ll1en1bers of the structure should be verified to have an essentially elastic 
behaviour in accordance with the rules of 5.6.2 and 6.S. 

(4)P Design action effects for the foundation shall be in accordance with S.8.2(2)P. 

(5) The design horizontal forces of supporting lnembers (piers or abutn1ents) 
carrying sliding bearings described in 7.S.2.3.S(5), should be derived froll1 the 
maximuln friction values in accordance with the relevant provision of EN 1337-2:2000. 

(6) In the case of (S) above and when the san1e supporting n1ember also carries 
viscous fluid dampers, then: 

(a) the design horizontal seisl11ic force of the supporting nlen1ber in the direction of the 
action of the dalnper should be increased by the lnaxilnunl seis111ic force of the 
damper (see expression (7.21 )). 
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(b) the design horizontal force of non-seisnlic design situations under imposed 
deformation actions (tenlperature variation) should be increased by the damper 
reaction, estinlated as 100/0 of the lTIaxinlU1TI seisnlic force of the danlper, used in (a) 
above. 

(7) When or nlultiple mode spectral analysis is carried out for isolating 
systenls consisting of con1bination of elaston1eric bearings and f1uid viscous danlpers 
supported on the same supporting elenlent(s), the phase difference between the 111axinla 
of the elastic and the viscous elements may be taken ill to account, by the following 
approxin1ation. The seisnlic forces should be detenTIined as the n10st adverse of those 
corresponding to the following characteristic states: 

a. At the state of nlaximunl displacenlent, as gIven by expression (7.10). The 
damper forces are then equal to zero. 

b. At the state of nlaxinlull1 velocity and zero displacenlent, when the maXilTIUnl 
dan1per forces should be determined by assuiTIing the lTIaxilTIUm velocity to be: 

Vmax = (7.21 ) 

where is the lTIaxinlUnl danlper displacement corresponding to the 
displacenlent ded of the isolating systenl. 

c. At the state of the nlaxilTIUlTI inertial force on the superstructure, that should be 
estimated as follows: 

(7.22) 

where Sc is deternlined from Table 7.1 with l(cff in accordance with expression (7.4), 
without any stiffness contribution from the dampers, and 

/i = cos[arctan(2~b)] 

/2 sin[arctan(2(b)] 

(7.23a) 

(7.23b) 

where is the contribution of the dampers to the effective dan1ping of expression 
(7.5). 
At this state the displacenlent amounts to fidcd and the velocity of the dan1pers to v = 

.hvll1ax 

(8) In isolating systenls consisting of a combination of f1uid viscous dampers and 
elastOlneric bearings, as in the case of (7), without sliding elements, the design 
horizontal force acting on supporting elenlent(s) that calTY both bearings and dan1pers, 
for non-seisnlic situations of inlposed defonnation actions (telnperature variation, etc.) 
should be detenl1ined by assuming that the dalnper reactions are zero. 

7.7 Special requirements for the isolating system 

(5) 7.7.1 Lateral restoring capability 

(L)P The isolating shall present self-restoring capability in both principal 
horizontal directions, to prevent cUlTIulative build-up of displacenlents. This capability is 
available when the systen1 has slTIall residual displacenlents in relation to its displacelllent 
capacity dm. 
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IE]) (2) The requirenlents in (1)P are considered to be satisfied in a direction when the 
displacelllent do as defined below meets the following condition in the exanlined 
direction: 

(7.24) 

where: 

ded is the design displacement of the isolating systenl in the exanlined direction, as 
defined in 7.2, 

do is the ll1axinlull1 residual displacenlent for which the isolating systenl can be in static 
equilibriunl in the considered direction using systenl properties as defined in this 
paragraph and in (5) below. Thereby no account should be taken of any lilnitation 
due to the displacement capacity of the isolators (unlinlited capacity). For systenls 
with bilinear behaviour, according to 7.5.2.3.2 or systems that can be approxinlated 
as such, do is given as: 

(7.25) 

8 is a numerical value 

NOTE 1: The value of ratio 8 for use in a country may be found in its National Annex. The 
recommended value is 8= 0,50 (see also Figure 7.8 and 7.7.1(4) Note 2). 

NOTE 2: For systems that are approximated by bilinear hysteretic behaviour (see Figure 7.6N) the 
properties of the equivalent bilinear system should be determined as follows: The force value at zero 
displacement Fo and an estimated value ofthe design displacement dccl are maintained. The straight 
lines for the loading branch AB and the unloading branch BC are defined so as to approximate the 
corresponding branches of the actual loop on an equal area basis. 

NOTE 3: For systems with bilinear behaviour according to 7.5.2.3.2, or systems that can be 
approximated as such, the displacement do = FolKp depends on properties ofthe isolating system 
considered independently from its displacement capacity. Therefore in Figure 7.6N the systems 
with the loops ABCD and AB'C'D have the same do. The value of do is positive when the post-elastic 
stiffness Kp is positive, negative when Kp is negative, and (IJ when Kp is zero. Systems with negative 
Kp should not be used. 

NOTE 4: For systems of sliding devices with spherical sliding surface (see 7.5.2.3.5(2)) do = JldRb' 

NOTE 5: For systems with hysteretic behaviour that cannot be approximated by a bilinear 
relationship (see Figure 7.7N) the value of do may be defined from the intersection of the 
post-elastic branches with the displacement axis. The yield displacement dv may be assumed equal 
to zero, for increased reliability. ®I ~ 
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Key 

F - Force 

d - Displacement 

~ - Actual force-displacement relation 

~ - Approximation by bilinear model (ABeD) 

19 - Equal areas 

/ 
/ 

/ 

/ 
/ 

/ 

Figure 7.6N: Definition of the equivalent bilinear model for the evaluation of restoring capability ~ 
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Figure 7.7N: Hysteretic systems that cannot be approximated by a bilinear model 

(3) Systems that do not satisfy condition (7.24) in a certain direction l11ay be considered 
to meet the requiren1ents of l(P) if they have sufficient displacen1ent capacity 
in order to accolnnl0date, with adequate reliability, the accumulation of residual 
displacenlents in this direction during the service life of the structure. 

(4) The condition in (3) is considered to be Inet when the following relation is satisfied 
for evelY isolator: 

dm,i ~ dG,i + Ydudbi,dPd 

where: Pd 
1 (d / d )0.6 

1 + 1 35 . y cd 

, 1 + 80(d / d )1,5 
cd 0 

and is depicted in Figure 7.8 

and 

(7.26a) 

(7.26b) 

dm,i is the displacen1ent capacity of the isolator i in the considered direction, i.e. the 
n1aximum displacel11ent that the isolator can acconlmodate in this direction, <51 
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Ydu 

1.1 

2.0 

1,9 

1,8 

1J 

1,13 

1,5 

1,4 

1 t3 

1,2 

1,1 

1,0 

is the design displacelnent of isolator i in the exanlined direction, as defined In 
7.6.2(1)P, 

is the non-seismic offset displacenlent of isolator i according to 7.6.2(2)P, 

is the yield displacelnent of the equivalent bilinear systenl that is detennined 
in accordance to (2) above. For sliding systems dy can be aSSllnled zero. When 
uncertainties regarding the magnitude of d" are present it should be assulned zero. 

is a nunlerical coefficient ref1ecting uncertainties in the estinlation of design 
displacenlents. 

NOTE 1: The value ascribed to Ydll for lise in a country may be found in its l\ational Annex. 
The recommended value is: ;\111 1.20. 

NOTE 2: The second term in the expression for Pel in (7.26b) reflects the accumulation of residual 
displacements under a sequence of earthquake events occurring before the design earthquake, 
considered to have a collective probability equal to the probability of the design earthquake. For 
systems vvith d,jdo ::::: 0,50, the accumulation of residual displacements is insignificant (see Figure 
7.8). For systems with < () the maximum dllli value should be derived either from expression 
(7.26a) or from expression (7.193), whichever gives the greater value. 
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Figure 7.8: Plot of Pd according to expression (7.26b) 

(5) The sanle properties of the isolators under dynalnic conditions should be used for the 
estilnation of both dec! and do. The lateral restoring conditions (7.24) and (7.26) do not 
account for effects of velocity variation on the forces of isolators. ®I 
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7.7.2 Lateral restraint at the isolation interface 

(l)P The isolating systelTI shall provide sufficient lateral restraint at the isolation 
interface to satisfy any relevant requirements of other Eurocodes or Standards regarding 
1in1itation of displacelnents/defoll11ations under serviceability criteria. 

NOTE This requirement is lIsually critical for braking action in railway bridges. 

(2) When sacrificial bracings (a fuse syste111) are used at certain support(s) in the 
final bridge system for inlplementing serviceability displacement restraints between the 
deck and substructures, their yield capacity should not exceed 40% of the design 
seiSlllic force transferred through the isolation interface of the isolated structure, at the 
SaIne support and direction. If this requirement is not Inet, the serviceability state 
requirements ( except fatigue) of the relevant nlaterial Eurocodes (EN 1992-2:2005, 
1993-2:2005 or EN 1994-2:2005) should be satisfied for the menlbers of the bridge 
structure, under the loading for which the restraining bracing is designed, when this 
loading is increased so that the relevant reaction reaches the yield capacity of the 
bracing. 

NOTE: prEN 15129:200X, Section 5, gives specifications for 
be used to provide lateral restraint at the isolation interface. 

connection devices that can 

(3) When shock trans111ission units with force linliting function (see 6.6.3.3) are 
used for ilnplementing serviceability displacenlent restraints, the shock tranS1111ssion 
units should be included in the n10del, in the verifications and in the testing procedure 
of the isolating systenl. 

7.7.3 Inspection and 1Vlaintenance 

(l)P All isolator units shall be accessible for inspection and nlaintenance. 

(2)P An inspection and nlaintenance progran1me for the isolating systenl and a11 
components crossing the isolation interface shall be prepared. 

(3)P Repair, replacement or retrofitting of any isolator unit or con1ponent crossing the 
isolation interface shaH be perfOlTIled under the direction of the entity responsible for 
the n1aintenance of the bridge, and shall be recorded in detail in a relevant report. 
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ANNEX A (Informative) 
PROBABILITIES RELATED TO THE REFERENCE SEISMIC ACTION. 

GUIDANCE FOR THE SELECTION OF DESIGN SEISMIC ACTION 
DURING THE CONSTRUCTION PHASE 

A.I Reference seismic action 

(I) The reference seismic action can be defined by selecting an acceptably low 
probability (P) of it being exceeded within the design life (tL) of the structure. Then the 
return period of the event (rR) is given by the expression: 

(A. 1) 

(2) The reference seisnlic action (corresponding to)1 1,0) usually reflects a 
seisnlic event with a reference return period, TNCR , of 475 years. Such an event has a 
probability of exceedance between 0,1 0 and 0,19 for a design life ranging between 50 
and 100 years respectively. This level of design action is applicable to the l11ajority of 
the bridges considered to be of average importance. 

A.2 Design seismic action for the construction phase 

(1) Assunling that Ie is the duration of the construction phase of a bridge and p is the 
acceptable probability of exceedance of the design seisnlic event during this phase, the 
return period TRe is given by expression (A.1), using Ie instead of tL. For the relatively 

snlall values usually associated with te (te :::; 5 years), expression (A.l) ll1ay be 
approxinlated by the following sil11pler relationship: 

(A.2) 

It is reconl111ended that the value of p does not exceed 0,05. 

(2) value of the design ground acceleration corresponding to a return period 
TRe, depends on the seismicity of the region. In Inany cases the follovving relationship 
offers an acceptable approxinlation 

where: 

Clg,R 

(A.3) 

is the ,-"",1-,,,"1-0'''''''' peak ground acceleration conesponding to the reference return 
period TNcR. 

The value of the exponent k depends on the seisl11icity of the region. Normally, values 
in the range of 0,30 - OAO ulay be used. 

(3) The robustness of all partial bridge structures should be ensured during the 
construction phases independently of the design seislllic actions. 
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ANNEX B(INFORl\tlATIVE) 
RELATIONSHIP BET\VEEN DISPLACE1\1ENT DUCTILITY AND 
CURVATURE DUCTILITY FACTORS OF PLASTIC HINGES IN 

CONCRETE PIERS 

(1) ASSUtlling that: 

- the horizontal displacenlent at the centre of nlass of the deck is due only to the 
defornlation of a fully fixed cantilever pier of length L, that 

- the lTIaSS of the pier is negligible c0111pared to that of the deck, and that 

is the length of the plastic hinge developing at the base of the pier, 

the required curvature ductility factor p(J) of the hinge conesponding to a structure 

displacement ductility factor /-ld, as defined in 2.3.5.2, 

/-l -1 
1+ d 

3) (1- O,5A) 
(B.l) 

where: A LplL 

(2) In reinforced concrete sections (where the curvature ductility factor is used as a 
nleasure of the ductility of the plastic hinge), the value of the ratio )L is influenced by 
such effects as the reinforcenlent tensile strain penetration in the adjoining nlenlber, the 
inclined cracking due to shear-flexure interaction etc. The value of Lp in accordance 
with E.3.2(5) ll1ay be used. 

(3) When a considerable part of the deck displacement is due to the defornlation of 
other components which remain elastic after the fOlmation of the plastic hinge, the 
required curvature ductility factor /-lWd is given by the expression 

/-lwd 1 +f(jl(j) - 1) (B.2) 

where: 

dtotfdp is the ratio of the total deck displacement dlOl to the displacenlent dp, due 
to the deformation of the pier only, and 

fhv is calculated frolTI expression (B.l). 

NOTE: If the seismic action is transferred between deck and pier through flexible elastomeric 
h."'~rlnlrTC inducing for example a value off= 5 and assuming that for example 1'(1) = 15, would be 
required in the case of connection between the deck and the the required value 
in accordance with equation (B.2) amounts to 71, which is certainly not available. It is therefore 
evident that the high flexibility of the elastomeric bearings, used in the same force path with the 
stiff pier, imposes a practical1y elastic overall behaviour of the 
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ANNEX C (lNFORMA TIVE) 
ESTIMATION OF THE EFFECTIVcE STIFFNESS OF REINFORCcED 

CONCRETE DUCTILE MEMBERS 

C.l General 

(1) The effective stiffness of ductile concrete conlponents used in linear seislnic 
analysis should be equal to the secant stiffness at the theoretical yield point. Unless 
otherwise substantiated by calculation, one of the following approximate 111ethods nlay 
be used to detelll1ine the secant stiffness at the theoretical yield point: 

C.2 Method 1 

(1) The effective mOIDent of inertia lelT of a pier of constant cross section 111ay be 
estinlated as follows: 

lell = 0,08 lun + leI' (C.l) 

where: 

lun is the lTIOn1ent of inertia of the gross section of the uncracked pier; 

icr is the 11101nent of inertia of the cracked section at the yield point of the tensile 
reinforcelnent. This lnay be estimated from the expression: 

(C.2) 

in which lolly and (/Jy are the yield mOlnent and curvature of the section respectively and 
is the elastic Inodulus of concrete. 

(2) These expressions have been derived fronl a paratnetric analysis of a silnplified 
non-linear 1110del of a cantilever pier with hollo'w rectangular and hollow and solid 
circular cross-sections. 

C.3 Method 2 

(1) The effective stiffness may be estimated from the design ultinlate mOlnent MRd 

and the yield curvature (/Jy of the plastic hinge section as follows: 

(C.3) 

where: 

v = 1,20 is a correction coefficient reflecting the stiffening effect of the uncracked 
part of the pier. 

The curvature at yield (/Jy ll1ay be deternlined as follows: 

(/Jy = (csy - Cry)/ ds (CA) 

and 
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ds is the depth of the section to the centre of the tension reinforcelnent 

is the yield strain of the reinforcement, 

ccy is the compressive strain of concrete at yielding of the tension reinforcelnent. 

The value of &cy may be estilnated by a section analysis on the basis of &sy and the actual 
force in the seisnlic design situation, NEd. 

(2) The assunlptions of the following value for the yield curvature: 

for rectangular sections: <1Jy = 2,1 &sy/d (C.5) 

and for circular sections: <1Jy 2,4 &syfd (C.6) 

where d is the effective depth of the section, give in general satisfactory approxinlation. 

(3) The analysis perfornled on the basis of a value of EcJcff based on an assunled 
value of M~d needs to be cOlTected only if the finally required value of flexural capacity, 
MRd,rcq is significantly higher than the assunled value MRd. If AiJ~d,rcq A1Rd, the 
correction may just entail lTIultiplication of the displacelnents resulting fron1 the first 
analysis times the ratio MRd/ MRd,rcq' 
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ANNEX D (INFORMATIVE) 
SPATIAL VARIABILITY OF EARTHQUAKE GROUND MOTION: 

MODEL AND METHODS OF ANALYSIS 

0.1 Description of the model 

(I) Spatial variability can be described by n1eans of a vector of zero-mean random 
processes. Under the assumption of stationarity, this vector is fully defined by means of 
its synlmetric n x n ll1atrix of auto- and cross-power spectral density functions: 

C(ev) = 

Gil (w) GI2 (ev) 

Gn (ev) 

Gill (ev) 

G21l (ev) 

GI/I/(ev) 

where n is the nun1ber of supports. 

(D.1) 

It js useful to introduce the following non-dinlensional conlplex-valued function, called 
coherencyfill1ction: 

(D.2) 

Its nlodulus is bounded by ° and 1,0 and provides a Ineasure of the linear statistical 
dependence of the two processes at the supports i and}, whose distance is dU. 

(2) The following fornl of the coherency function is frequently referred to [1][2]: 

where: 

Vs is the shear-wave velocity, 

a is a constant, 

vapp is the so-called apparent velocity of waves, 

dij
L is the distance between supports i and} projected along the direction of propagation 

of the waves, and 

~l ev) is a frequency-dependent phase angle. 

(3) The factors )'ij, I ((v), )'ij,2( w) and )'ij,3( w) account for the loss of cOlTelation due to 
reflectionslrefractions in the propagation mediun1, for the finiteness of the propagation 
velocity of the waves and their angle of incidence at the surface and for the different 
soil conditions at the two supports, respectively. The difference of the soil properties at 
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two supports is taken into account in the Inodel by considering two soil columns 
representing the two soil profiles acted upon at their base by a stationary white noise of 
intensity Go. The soil colu111ns are characterised by transfer functions H i ( 0)) and Hi UJ), 
respectively, \vhich are such as to provide the desired spectral content and intensity of 
the l11otion at the upper surface in locations i and} 

(D.4) 

(4)P The power density spectrUln at the site shall be consistent with the elastic 
response spectrun1 as given in EN 1998-1: 2004, 3.2.2.2. 

It can also be shown that: 

( ) 
_ ~~l {Im[H/ (rv)Hi (V )l} 

eij OJ - tan [ () ( )] . Re H. w H. - W 
I / 

(D.S) 

D.2 Generation of samples 

(l) For the purposes of structural analysis samples of the vector of randOI11 
processes described in D.l1nay need to be derived. To this end the nlatrix G( cu) is first 
deconlposed into the product: 

G(w) = L(UJ )L''T (w) (0.6) 

between matrix L( w) and the transpose of its cOl11plex conjugate. If Cholesky 
decomposition is enlployed L( w) is a lower triangular Inatrix. 

According to [3] a sanlple of the acceleration 1110tio11 at the generic support i is obtained 
from the series: 

i N 

aj (t) = 2 L L ILu ((Uk ~v' 8w cos[wkt - eu (wk ) + ¢jk ] (D.7) 
i=1 k=l 

where: 

N is the total number of frequencies lUk into which the significant bandwidth of 
Lij( w) is discretised; 

8w UJmaxlN, and the angles cAk are, for any j, a set of N independent randonl variables 
uniformly distributed between zero and 2n. 

Sanlples generated according to Expression (D.7) are characterised by the desired local 
frequency content as well as the assigned degree of correlation. 
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D.3 Methods of analysis 

D.3.1 General 

(1) Based on D.l and D.2, the options described in D.3.2 to D.3.4 are available for 
deternlining the stlllctural response to spatially varying ground l1l0tions. 

D.3.2 Linear random vibration analysis 

(I) A linear randon1 vibration analysis is performed, using either modal analysis of 
frequency-dependent transfer Inatrices and input given by the ll1atrix G( co). 

(2) The elastic action effects are assumed as the nlean values fron1 the probability 
distribution of the largest extrenle value of the response for the duration consistent with 
the seisn1ic event underlying the establishnlent of 

(3) The design values are deternlined by dividing the elastic effects by the 
appropriate behaviour factor q and ductile response is assured by conformity to the 
relevant 11lles of the nornlative part of this Standard. 

D.3.3 Time history analysis with sanlples of correlated Inotions 

(1) Linear time-history analysis can be performed using sanlple motions generated 
as indicated in D.2, starting froln power spectra consistent with the elastic response 
spectra at the supports. 

(2) The number of samples used should be such as to yield stable estinlates of the 
nlean of the 111axinlunl responses of interest. The elastic action effects are assumed as 
the nlean values of the above nlaxilna. The design values are deternlined by dividing the 
elastic action by the appropriate behaviour factor q and ductile response is 
assured by conformity to the relevant rules of the nomlative part of this Standard. 

(3) Non-linear tinle-history analysis nlay be perfol111ed using sample motions 
generated as indicated in D.2 starting £i'onl power spectra consistent with the elastic 
response spectra at the supports. The number of samples used should be such as to yield 
stable estinlates of the nlean of the maxinluln responses of interest. 

(4) The design values of the action effects Ed are assumed as the mean values of the 
above Inaxinla. The comparison bet\veen action effect Ed and design resistance Rd is to 
be performed in accordance with EN 1998-1 :2004. 

D.3.4 Response spectrum for multiple-support input 

D.3.4.1 General 

(1) A solution for the elastic response of a structure subjected to multiple support 
input 1n ternlS of response spectra has been derived in [4]. An outline is given here. For 
complete infornlation to [4]. 
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D.3.4.2 Linear response to multiple-support input 

(1) The equations of Illotion for a discretised, n-degrees of freedon1 linear systenl 
subjected to 171 support n10110ns can be written as: 

(D.8) 

\\There: 

x is the n-vector of the total displacenlents at the unconstrained degrees of 
freedom; 

u is the i11-vector of prescribed support displacen1ents; 

M, C and K are the 11 x n Inass, dan1ping and stiffness Illatrices associated with the 
unconstrained degrees of freedom, respectively; 

M g, C g and Kg are the 111 x m ll1ass, dmllPing and stiffness nlatrices associated with the 
support degrees of freed o Ill, respectively; 

Me, Ce and Ke are the 11 x 111 coupling nlatrices; and 

F is the m-vector of the reacting forces at the support degrees of freedo111. 

(2) The total response is decolnposed as: 

x (D.9) 

where xS
, called pseudo-static component, is the solution of expression (D.8) without 

the inertia and danlping ternls, i.e.: 

(D.lO) 

Substituting expression (D.9) and (D.l 0) into expression (D.8), the differential equation 
for the dynanlic conlponent is obtained in the form: 

after elinlinating the comparatively negligible term (CR + Cc)u . 

(3) Let <Il, 0Jj and ?i be the Inatrix of modal shapes, the Inodal frequencies and 
corresponding danlping ratios of the fixed base stlucture. Setting xd =<Ily in Expression 
(D. 1 1 ), the uncoupled nl0dal equations are obtained as: 

.. 2~' ~ 2:111 fJ .. ( ) Y· + .my. + m-y. = f, u" t 
I I I I I I k=l d , . 

i l, ... ,n (D.12) 

where the modal participation factor has the form: 
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q> J' (]VIr" + Mc i Ii ) 

q> J'l\1q> i 
(0.13) 

in which rk is the k-th C01U11111 of Rand ik is the k-th COlU11111 of a n x n identity l11atrix. 

(4) It is convenient to define a nonnalised modal response Ski(t), representing the 
response of a single-degree-of-freedonl oscillator with frequency and danlping ratio of 
the ;-th mode, and subjected to the base acceleration iik (t): 

(0.14) 

Clearly one has: 

(0.15) 

(5) A generic response quantity of interest z(t) (nodal displacement, internal force, 
etc) can be expressed as a linear function of the nodal displacement x(t): 

Substituting for the expressions obtained for and xd one arrives at: 

(t) (D.17) 

in which: 

(0.18) 

D.3.4.3 Response spectrum solution 

(1) Using basic randonl vibration theory in conjunction with a model such as that 
described in D.1 for the support motions u(t), the standard deviation of the response 
quantity of interest z(t) can be directly determined in telnlS of the standard deviations of 
the input processes u(t) and of the nonnalised nl0dal responses set), as well as of the 
correlation between input and output quantities. 

(2) Further, by taking into account the relationship between the power spectral 
densities of the input processes, G uu (CU)5, and the above standard deviations and 

correlations, as well as the relationships between power spectral density of the response 

G'iii(rU) denotes the power spectral densities matrix of the ground acceleration processes which. for simplicity of notation, is 
denoted in D.I simply by G«(u). 
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process and response spectrUt11, the following expression is derived for the lnean value 
of the ll1axill1ull1 response (i.e. the elastic action efIectt: 

+ t t t t bkibu P'AiSII Dk (coi , ~i )D/ (cv j , (0.19) 
k=1 1=1 1=1 

where Uk.max and UI,max are the peak ground displacements at supports k and 1 consistent 
with the respective local elastic response spectrum as given in EN 1998-1 :2004, 
3.2.2.4;Dk( OJj, c;i) and DI( ct1, g) are the elastic displacelnent response spectra values at 
supports k and 1 for frequencies and d31nping ratios of the considered 1110des, consistent 
with the respective local elastic response spectnul1 as given in EN 1998-1 :2004, 3.2.2.2. 

(3) The con-elation coefficients PUk/(I' between peak ground displacements, and 

, between notmalised modal responses, are given by: 

Pllklll 

(D.20) 

O'z;. = f:o G"k ll , (m )dcu 

[
J IR.(oJ)l2 G .... (m)dm 
x;. I JI li,li. 

G
llkll

! (m) is the kl-tenn of the po\ver spectral densities matrix of the ground 

displacement processes, related to the con-esponding one for the acceleration processes 

by: Guu(CU)=~Giiii(m); R/co) is the frequency transfer function of the norn1alised 
co 

modal displacement, given by: 

(0.21 ) 

(4) In order to evaluate the integrals in Expression (0.20) the power spectral 
densities should be related to the response spectra that represent the information 
supposed to be available to the user of the present approach. The following approxill1ate 
expression, slightly adjusted froln that proposed in [4], can be used to relate response 
and power spectrull1 at any station: 

In Exprcssion (D. J 9) one contribution has becn omitted. which accounts for the correlatioll betwecn the U -l.crms and the S 

terms, i.e. PUkS
Ii

' Numerical analyses show that this contribution is insignificant and can be disrcgardcd. 
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G .... (OJ) = 
///1 

(D.22) 

where r is the duration of the stationary part of the ground motion to be taken 
consistently with the seisnl1c event underlying the establishnlent of ago 

(5) In practical cases, when local soil conditions differ frOlTI one support to another, 
the effect of this difference tends to dOlTIinate over the other two phenOl1lena generating 
loss of correlation. Nunlerical analyses show in addition that the consideration of the 
third term )\j)( w) in the coherency function has sn1a11 influence on the results so that it 
can be, in approximation, set to zero. Based on these considerations and taking into 
account the approxin1ate character of the described response spectrunl procedure, a 
significant sinlplification is to consider a diagonal ITIatrix G( w), i.e. to consider the 
structure as subjected to a vector of independent ground motion processes, each one 
characterised by its own power spectral density function. COlTespondingly, Expression 
(D.19) simplifies to: 

m 

L + t t t bkibki PIA/I/;i Dk ({Vi' ~i )Dk (CVJ , ) (D.23) 
k=1 k=1 i=1 j=1 
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ANNEX E (INFORl\1ATIVE) 
PROBABLEMA TERIAL PROPERTIES AND PLASTIC HINGE 
DEFOR~1ATION CAPACITIES FOR NON-LINEAR ANALYSES 

E.1 General 

(l) This Annex provides guidance for the selection of the probable ll1aterial 
properties and for the estilnation of the deforn1ation capacities of the plastic hinges. 
80th are intended for use exclusively for non-linear analyses in accordance with 4.2.4 
and 4.2.5. 

E.2 Probable material properties 

E.2.1 Concrete 

(1) Mean va1uesj~m, Ecm in accordance with EN 1992-1-1: 2004, Table 3.1 should 
be used. 

(2) For unconfined concrete the stress-strain relationship for non-linear analysis 
specified in EN 1992-1-1 :2004, 3.1.5(1), should be used, with the values of strains Ecl 

and &cul as specified in Table 3.1 of the san1e standard. 

(3) For confined concrete the following procedure may be used, as an alternative to 
EN 1992-1-1:2004,3.1.9 (see Figure E.1): 

Key 
A Confined concrete 
B Unconfined concrete 

Figure E.1: Stress-strain relationship for confined concrete 

NOTE This model of confined concrete properties is compatible with the values for (/Ju and 
given in expressions 18) and (E.19) respectively. 
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(a) Concrete stress O"c: 

xr 

where: 

x= 

r = ----'-'''-'---
Eem - Escc 

secant modulus to ultimate strength: 

ultimate strength: 

strain at ultin1ate strength: 

L'c I ,c = 0,002l1 + 5( fem,e -lJl l fem 

(b) Effective confining stress O"e: 

1) 

(E.2) 

(E.3) 

(E.4) 

(E.5) 

1,254 (E.6) 

(E.7) 

O"e is the effective confining stress acting in both transverse directions 2 and 3 (O"e 
O"e2 This stress n1ay be estin1ated on the basis of the ratio of confining 
reinforcement Pw, as defined in 6.2.1.2 or 6.2.1.3, and its probable yield stress as 
follows: 

For circular hoops or spirals: 

1 
(Je = 2apwfym (E.8) 

- For rectangular hoops or ties: 

(E.9) 

where a is the confinen1ent effectiveness factor (see EN 1998-1: 2004, 5.4.3.2.2) 
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For bridge piers confined in accordance \vith the detailing rules of 6.2.1 and with a 
Inininlunl dinlension bmin == 1,0 nl, the value a 1,0 may be aSSU111ed. 

NOTE lfl in the case of orthogonal hoops, the values of PI\' in the two transverse directions are 

not equal (p\\] =F Pw]), the etlective confining stress may be estimated as (J"" = 

( c) Ultinlate concrete strain 

This strain should correspond to the first fracture of confining hoop reinforcenlent. 
Unless otherwise substantiated, it may be assunled as follo\vs: 

1,4 Ps.f~n/~· 
0004 + su 

, > 

/C11l,C 

where: 

ps = pw for circular spirals or hoops 

ps = 2pw for orthogonal hoops, and 

(E.IO) 

5su = 5uIll 

force 
is the l11ean value of the reinforcenlent steel elongation at nlaxinll1111 

1992-1-1 :2004, 3.2.2.2) 

E.2.2 Reinforcenlent steel 

(l) In the absence of relevant information on the specific steel for the project, the 
following values ll1ay be used: 

f 
~=115 
f yk ' 

= 1,20 
.f.k 

Csu 5uk 

E.2.3 Structural steel 

11 ) 

(E.12) 

(E.13) 

(l) In the absence of relevant information on the specific steel for the project, the 
following values nlay be used: 

f 
~=125 
f
' , 

. yn 

= 1,30 
fun 

(E.14) 

(E.15) 
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where ,hn and fun are the nonlinal values of the yield and ultimate tensile strength 
respectively. 

E.3 Rotation capacity of plastic hinges 

E.3.1 General 

(1) In general the rotation capacity of plastic hinges, Op,ll (see 4.2.4.4(2)c) should be 
evaluated on the basis of laboratory tests, satisfying the conditions of 2.3.5.2(3), that 
have been carried out on sinli1ar cOlnponents. This applies for the deformation 
capacities of tensile nlenlbers or of plastic shear nlechanisnlS used in eccentric stnlctural 
steel bracings. 

(2) The silnilarity nlentioned above refers to the following aspects of the 
conlponents where relevant: 

- geolnetry of the conlponent 

loading rate 

ratios between action effects (bending nlOlnent, axial force, shear) 

reinforcenlent configuration (longitudinal and transverse reinforcenlent, including 
confinenlent), for reinforced concrete conlponents 

local and/or shear buckling conditions for steel conlponents 

(3) in the absence of specific justification based on actual data, the reduction factor 

}1<,p of expression (4.21) nlay be assunled as }1<.p 1,40. 

E.3.2 Reinforced concrete 

(1) In the absence of appropriate laboratory test results, as mentioned in E.3.1, the 
plastic rotation capacity Op,u, and the total chord rotation Oll of plastic hinges (see Figure 
2.4) may be estiinated on the basis of the ultimate curvature (/Ju and the plastic hinge 
length Lp (see Figure E.2), as follows: 

where: 

+ ~),Ll 

L 
(qJu - 1\)L (1-

p 

(E.16a) 

16b) 

L is the distance froin the end section of the plastic hinge to the point of zero 
mOlnent in the pier 

(/)y is the yield curvature 
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For linear variation of the bending moment, the yield rotation By n1ay be assun1ed as: 

(E.l7) 

(2) Both C/Jyand C/Ju should be determined by n1eans of a n101nent curvature analysis 
of the section under the axial load corresponding to the design seisD1ic c0111binatlon (see 

also (4)). When Cc ~ CC1I1, only the confined concrete core section should be taken into an 
account. 

(3) C/Jy should be evaluated by idealising the actual M-<D diagran1 by a bilinear 
diagram of equal area beyond the first yie1d of reinforcement, as shown in Figure E.3. 

Key 

Y - Yield of first bar 

Figure E.3: Definition of C/Jy 

(4) The ultimate curvature C/Ju at the plastic hinge of the melnber should be taken as: 

(E.18) 
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where 

d is the effective section depth 

~'i and Ee are the reinforcement and concrete strains respectively (conlpressive 
strains negative), derived fronl the condition that either of the two or both have 
reached the following ultinlate values: 

- Eelll for the compression strain of unconfined concrete (see EN 1992-1-
1 :2004, Table 3.1) 

- Eell .e for the compression strain of confined concrete (see E.2.1(3)(e) or EN 
1992-1-1: 2004,3.1.9(2») 

ESli for the tensile strain of reinforcenlent (see E.2.1(3)( e)) 

(5) For a plastic hinge occurring at the top or the bottoln junction of a pier with the 
deck or the foundation body (footing or pile cap), with longitudinal reinforcenlent of 
characteristic yie1d stress (in MPa) and bar diameter dbL, the plastic hinge length Lp 
Inay be assunled as follows: 

(E.19) 

where L is the distance fron1 the plastic hinge section to the section of zero mOlnent, 
under the seisnlic action. 

(6) The above estimation of the plastic rotation capacity is valid for piers with shear 
span ratio 

L 
as ~ ~ 3,0 (E.20) 

d 

For 1,0 ~ as 3,0 the plastic rotation capacity should be nlultiplied by the reduction 
factor 
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ANNEXF(INFORMATIVE) 
ADDED I\IASS OF ENTRAINED \VATER FORl~1MERSED PIERS 

(1) Unless othenvise substantiated by calculation, the total effective mass 111 a 
horizontal direction of an immersed pier should be assunled equal to the SUD1 of: 

the actual mass of the pier (without allowance for buoyancy); 

- the Inass of water possibly enclosed within the pier (for hollow piers); 

- the added ll1ass 111[\ of externally entrained water per unit length of inlmersed pier. 

(2) For piers of circular cross-section of radius R, 111[\ may be estimated as: 

(F.l) 

where p is the water density. 

(3) For piers of elliptical section (see Figure F 1) with axes 2ax and 2ay and 
horizontal seisnlic action at an angle e to the x-axis of the section, l11a ll1ay be estinlated 
as: 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ , \ 

\~ 
a x 

FigureF.l: Definition of dimensions of elliptical pier section 

..... .. 
I [~~ 
I I 
I I 
I I 
I I 

·1 lax 
14 

FigureF.2: Definition of dimensions of rectangular pier section 

(F.2) 

(4) F or piers of rectangular section with dil11ensions 2ax by 2ay and for earthquake 
action in the x-direction (see Figure F.2), rna may be estimated as: 
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Ina kprr,a/ 

where the value of k is taken from Table F.l (linear interpolation is permitted). 

(F.3) 

Table F.l Dependence of added mass coefficient of rectangular piers on cross
fIt f sec 1011a aspec ra 10 

a/ax k 
0,1 2,23 
0,2 1,98 
0,5 1,70 
1,0 1,51 
2,0 1,36 
5,0 1,21 
10,0 1,14 

00 1,00 
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ANNEX G (NORl\IATIVE) 
CALCULATION OF CAPACITY DESIGN EFFECTS 

G.I General procedure 

(l)P The following procedure shall be applied in general, separately for each of the 
two horizontal conlponents of the seismic action with signs or 

(2)P Step 1: 

Calculation of the design flexural strengths lURd.h of the sections of the intended plastic 
hinges, corresponding to the selected horizontal direction of the seisnlic action (A rJ wi th 
the sign considered or The strengths shall be based on the actual dinlcnsions of 
the cross-sections and the final amount of longitudinal reinforce111ent. The calculation 
shall consider the interaction with the axial force and possibly with the bending 1110nlent 
in the orthogonal direction, both resulting fro 111 the analysis in the design seisn1ic 
situation of expression (5.4) of 5.5. 

(3)P Step 2: 

Calculation of the change of action effects LlAc of the plastic Inechanisn1, corresponding 
to the increase of the n10ments of the plastic hinges (LIM)), fron1 (a) the values due to 
the permanent actions to (b) the overstrength m0111ents of the sections. 

(G. 1) 

where Yo is the overstrength factor specified in 5.3. 

(4) The effects LlAc may in general be estinlated frOlTI equilibrimTI conditions, while 
reasonable approximations regarding the compatibility of defofn1ations are acceptable. 

(5)P Step 3: 

The final capacity design effects Ae shall be obtained by superin1posing the change Me 
to the permanent action effects AG 

Ac (G.2) 

G.2 Simplifications 

(1) Simplifications of the general procedure specified in G.I are allowed, as long as 
G.I(4) is satisfied. 

(2) When the bending 1110111ent due to the permanent actions at the plastic hinge is 
negbgible cOlnpared to the nl0ment overstrength of the section (A1G,h < < )1IMRd.h), Step 2 
in G.I(3)P nlay be replaced by a direct estinlation of the effects L1I1c froID the effects 
AE of the design seismic action. This is usually the case in the transverse direction of the 
piers, or in both directions when the piers are hinged to the deck. In such cases the 
capacity design shear of pier" i" may be estinlated as follows: 
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yoMRd,h,I V VC,i = LlVi = ----M. E,i 
E,I 

(G.3) 

and the capacity design effects on the deck and on the abutments may be estinlated from 
the relationship: 
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ANNEX H (INFORMATIVE) 
STATIC NON-LINEAR ANALYSIS (PUSHOVER) 

H.I Analysis directions, reference point and target displacements 

(l) The non-linear static analysis specified in 4.2.5 should be carried out in the 
following two horizontal directions: 

- the longitudinal direction x, as defined by the centres of the two end-sections of the 
deck. 

- the transverse direction y, that should be assul11ed to be orthogonal to the 
longitudinal direction. 

(2) The reference point should be the centre of n1ass of the deforn1ed deck. 

(3) In each of the two horizontal directions x and y, defined in (1) above, a static 
non-linear analysis in accordance with 4.2.5 should be carried out, until the following 
target displacen1ents of the reference point are reached: 

- in x-direction (longitudinal): 

dr,x = dEx (H. I) 

- in y-direction: (transverse): 

dr,y = dEy (H.2) 

where: 

dE,x is the displacement in the x-direction, at the centre of n1ass of the defonl1ed 
deck, resulting fr0111 equivalent linear n1ulti-l11ode spectrum analysis (in 
accordance with 4.2.1.3) assun1ing q = 1,0 due to Ex "+" 0,3Ey . The spectrul11 
analysis should be carried out using effective stiffness of ductile n1en1bers as 
specified in 2.3.6.1. 

dE,y is the displacen1ent in y-direction at the san1e point calculated sin1ilarly to dE,x 

above. 

H.2 Load distribution 

(1) The horizontal load incren1ents L1Fj,j assu111ed acting on lun1ped n1ass Mj, in the 
direction investigated, at each loading step j, should be taken as equal to: 

(H.3) 

where: 

L1 aj is the horizontal force increment, norn1alized to the weight gMj, applied in step}, 
and 

{; is a shape factor defining the load distribution along the structure. 
~ 1 
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(2) Unless a better approxinlation is used, both of the following distributions should 
be investigated: 

a) constant along the deck, where 

for the deck 

(HA) 

and for the piers connected to the deck 

t = 
~ I (H.5) 

where 

Zj is the height of point i above the foundation of the individual pier and 

Zp is the total height of pier P (distance from the ground to the centre line of the 
deck). 

b) proportional to the first mode shape, where 

G is proportional to the cOlnponent, in the considered horizontal direction, of the 
Inodal displacenlent at point i, of the first nlode, in the Saine direction. The Inode with 
the largest participation factor in the considered direction, should be taken as first mode 
in this direction. Especially for the piers, the following approxinlation may be used 
alternatively 

(H.6) 

where is the value of!; corresponding to the joint connecting the deck and pier P. 

H.3 Deformation demands 

(1) Deformation denlands at each plastic hinge should be verified using expression 
(4.20) where denotes the maxinlunl chord rotation demands, when the target 
displacement is reached (see 4.2.4.4(2)c). 

(2) In each direction, the total deformation at the first loading step when the two 
sides of expression (4.20) becOlne equal at any plastic hinge, defines the design ultinlate 
defornlation state of the bridge. at this state, the displacelnent of the reference point 
is less than the target displacement in the relevant direction, the design should be 
considered unsatisfactory and should be modified. 
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NOTE 1: Increasing the longitudinal reinforcement of the critical plastic hinge sections, within 
the limits of constructability, leads primarily to a corresponding increase of the effective 
stiffness of the ductile members (in accordance with 2.3.6.1) and consequently to a reduction of 
the target displacement in accordance with HJ (3), and of the deformation demands of 
H.3(1). In general increasing the dimensions of the sections of the ductile members leads to a 
reduction of the deformation demands, as well as to an increase in the deformation capacities of 
the members. 
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NOTE 2: A design procedure of the ductile members along these lines involves only 
deformation/displacement verifications (no strength verifications). However, non-ductile f~liJure 
verifications (shear) of both the ductile and non-ductile members are carried out through 
strength verifications, in accordance with 4.2.4.4(2)( e). 

(3) In the longitudinal direction of an essentially straight bridge, the disp]acen1ents 
of all pier heads connected to the deck are practically equal to the displacen1ent of the 
reference point. In this case the defonnation del11ands of the plastic hinges can be 
assessed directly frOl11 the target displacement. 

H.4 Deck verification 

(1) It should be verified that no significant yielding, in accordance with 5.6.3.6(2) 
and 5.6.3.6(3), occurs in the deck before the target displacen1ent is reached (see 
4.2.4.4(2)d). 

(2) Up-lift of all bearings at the san1e support, before the target displacernent is 
reached, should be avoided. Up-lift of individual bearings of the san1e support, before 
the target displacelnent is reached, is acceptable, if it has no detrin1ental effect on the 
bearings. 

H.5 Verification of non-ductile failure modes and of the foundation soil 

(1) All members should be verified against non-ductile failure 1110des (shear), in 
accordance with 4.2.4.4(2)e, using the force distribution corresponding to the target 
displacement as design actions. The same applles for the verification of the foundation 
soil. 
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ANNEX J (NORMATIVE) 
VARIATION OF DESIGN PROPERTIES OF SEIS1\tIC ISOLATOR UNITS 

J.1Factors causing variation of design properties 

0) The assessment of Upper Bound Design Properties and Lower Bound Design 
Properties (UBDPs and LBDPs) required for the design of the isolating systenl in 
accordance with 7.5.2.4, should be established by evaluating the influence of the 
following factors on each property: 

- /i: ageing (including corrosion); 

/2: tenlperature (nlininlU111 isolator design tenlperature Tmin,b); 

- /j: contanlination; 

/4: cunlulative travel (wear). 

In general the design properties of cyclic response influenced by the above factors are 
the fo]]owing (see Figure 7.1 and Figure 7.3). 

The post elastic stiffness Kp. 

- The force at zero displacementFo. 

~ (2) The minimum isolator temperature for the seismic design situation, 
climatic conditions of the bridge location. 

should correspond to the 

NOTE The method for determining the value of the minimum isolator temperature for use in a country in the seismic 
design situation may be found in its National Annex. The recommended method is as follows: 

where 

rw is the annual average shade air temperature at the location of the bridge. It may be taken as the 
average of the characteristic values of the maximum and minimum ambient shade air temperatures at ! 

bridge location, in accordance with EN 1991-1-5:2003, 6.1.3.2 i.e. Tal' = + If no specific informativl' 
is available the value = 10°C may be used. 

IfJ2 is the combination factor for thermal actions for seismic design situations, in accordance with EN 
1990:2002 and EN 1990:2002/A 1 :2005, Annex A2 and 

is the difference between the minimum uniform bridge temperature component Te.min and 
the minimum shade air temperature , in accordance with EN 1991-1-5: 2003 and EI\l 1991-1-
5:2003/AC:2009, 6.1.3.1 (4). ~ 

J.2 Evaluation of the variation 

(1) In general the effect of each of the factors./i (i 1 to 4) listed in J.1 on each 
design property, should be evaluated by comparing: (a) the ll1aximunl and mininlunl 
values (maxDP ri and minDPn) of the design property, resulting fronl the influence of 
factor./i" to (b) the ll1aximull1 and mini111U111110n1inal values (maxDPnol11 and minDPnom) 

respectively, of the same property, as ll1easured by Prototype tests. The following ratios 
should be the established for the influence of each factor Ii on the investigated design 
property. 
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(J.2) 

0·3) 

NOTE 1: Informative Annex K provides guidance on prototype (or type) tests in cases where 
prEN 15129:200X ("Anti-seismic devices") does not include detailed requirements for such tests 

NOTE 2: The values to be ascribed to the A-factors for use in a country may be found in its 
National Annex. Recommended values/guidance for used isolators, i.e. special 
elastomeric bearings, lead-rubber bearings, sliding units and hydraulic viscous 
dampers, is given in Infonnative Annex JJ. 

(2) The effective UBDP used in the design should be estimated as follows: 

UBDP = lnaxDPnom.AU,fI. (J.4) 

with Inodification factors 

1 1) lj/j'j (J.S) 

where, the combination factors If/fi account for the reduced probability of sinlultaneous 
occurrence of the maxinlU111 adverse effects of all factors and should be assunled in 
accordance with Table J.2: 

Table J.2: Combination factors 'l/ti 

(3) In general, for the effective LBDP (and relevant 1110dification factors AUl) a 
similar fonnat as that of expressions (J.4) and (J.S) should be used, in conjunction with 

However for the conl1nonly used elasto111eric and friction bearings, it nlay be 
assulned in general that: 

(1.6) 

and therefore 

LBDP minDPnom (J.7) 

(4) For hydraulic danlpers and in the absence of specific tests, 1t ll1ay be assunled 
that: 

U BDP = mGxDPnoJll 

LBDP = minDPnol11 
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ANNEX JJ (INFORMA TIVE) 
A-FACTORS FOR COMMON ISOLATOR TYPES 

JJ.l I.. m:n -values for elastomeric bearings 

(1) Unless different values are substantiated by appropriate tests, the )lma:Cva!ues 
specified in following Tables 11.1 to 11.4 may be used for estimation of the UBDP. 

Table JJ.1:./i - Ageing 

Conlponent 
)Lmax. n for 

Kp 0 

LORB 1,1 1,1 
HORB1 1,2 1,2 
BORB2 1,3 1,3 

Lead core - 1,0 

with the following designation for the rubber components: 

LORB: Low daInping rubber bearing with shear nl0dulus, at shear defonnation of 
100%, larger than 0,5 MPa 

HORB 1: High dalnping rubber bearing with _ 0,15 and shear Inodulus, at shear 
defornlation of 100%, larger than 0,5 MPa 

HORB2: High danlping rubber bearing with > 0,15 or shear 1110dulus, at shear 
defonl1ation of 100%

, sll1aller or equal to 0,5 lVIPa 

Lead core: Lead core for Lead rubber bearings (LRB) 

Table JJ.2:./2 - Temperature 

Design .A,max. f2 for 
Tenlperature Kp 0 

min,b eC) LORB HORB1 BDRB2 LORB HDRB1 BORB2 
20 1,0 1,0 1,0 1,0 1,0 1,0 

° 1,1 1,1 1,2 1,3 1,3 1,3 

I -10 1,1 1,2 1,4 1,4 1,4 1,4 
-30 1,3 1,4 2,0 1,5 2,0 2,5 

Tmin,b is the mlllinlUll1 isolator temperature for seismic design situation, 
corresponding to the bridge location (see (2) of J.l of Annex J). ~ 

Table JJ.3:.13 - Contamination 

Table JJ.4:./4 Cumulative travel 
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JJ.2 ),max-values for sliding isolator units 

(l) Unless different values are substantiated by appropriate test results, the 
values specified in the following Tables JJ.5 to .1J.8 may be used for the estilnation of 
the maximunl force at zero displacenlent Fo corresponding to the USDP. The values 
given for unlubricated PTFE 111ay be taken to apply also for Friction PendulUlTI 
bearings. 

Table JJ.S:.1i - Ageing 
'1 

Arnax,f] 

Component Unlubricated Lubricated Binletallic Interfaces 
PTFE PTFE 

Environment Sealed Unsealed Sealed Unsealed 
Normal 1,1 1,2 1,3 1,4 
Severe 1,2 1,5 1,4 1,8 

The values in Table J.1.5 refer to the following conditions: 

- Stainless steel sliding plates are assumed 

• Sealed Unsealed 
2,0 2,2 
2,2 2,5 

- Unsealed conditions are assumed, to allow exposure of the sliding surfaces to water 
and salt 

Severe envirolIDlent includes marine and industrial conditions 

Values for binletallic interfaces apply to stainless steel and bronze interface. 

Table JJ.6:ji - Temperature 

Design 
Temperature 

Tmin,b (0 C) 
Unlubricated Lubricated Binletallic 

PTFE PTFE Interfaces 
20 1,0 1,0 

To be 

° 1,1 1,3 

-1 ° i,2 1,5 
established 

-30 1,5 3,0 
by test 

Table JJ.7:/, - Contamination 

)~l11ax.f3 
Installation Unlubricated Lubricated Binletallic 

PTFE PTFE Interfaces 
Sealed, with stainless 
steel surface facing 1,0 1,0 1,0 

down 
Sealed} with stainless 

1,1 1,1 Ll 
steel surface facing up 

Unsealed, with 
stainless steel surface 1,2 3,0 1,1 

facing down 

The values in Table JJ. 7 refer to the following conditions: 
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Sealing of bearings is assumed to offer contamination protection under all 
serviceability conditions 

Table JJ.8: 14 - Cumulative travel 

Il.max. f4 

Cunlulative Unlubricated Lubricated Bimetallic 
Travel (km) PIFE PIFE Interfaces 

To be 

I 

< 1,0 1,0 1,0 established 
by test 

• To be 

I 

1,0 < and :S 2 1,2 1,0 established 
by test 
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ANNEX K (INFORMATIVE) 
TESTS FOR VALIDATION OF DESIGN PROPERTIES OF SEIS1\1IC 

ISOLATOR UNITS 

K.l Scope 

(l) This lnfornlative Annex is intended to provide guidance on prototype (or type) 
testing in cases where prEN 15129:200X (HAnti-seislTIic devices") does not include 
detailed requirements for such testing. 

(2) The range of values of the deformation characteristics and danlping values of the 
isolator units used in the design and analysis of seisITIic-isolated bridges lTIay be 
validated by the tests described in this Annex. These tests are not intended for use as 
quality control tests. 

(3) The prototype tests specified in K.2 ain1 to establish or validate the range of 
nOITIinal design properties of the isolator units assun1ed in the design. These tests in 
general lTIay be project specific. However, available results of tests perfornled on 
specimens of si111ilar type and size and with sinli1ar values of design parameters are 
acceptable. 

(4) The purpose of the tests ofK.3 is to substantiate properties of the isolators, 
which are usually not project specific. 

K.2 Prototype tests 

K.2.1 General 

(l) The tests should be perfonned on a 111ininlunl of two specimens. Specinlens 
should not be subjected to any lateral or vertical loading prior to prototype testing. 

(2) In general, full size specilnens should be used. The conlpetent authority nlay 
al10w performance of certain tests on reduced scale speciInens, only when existing 
testing facilities do not have the capacity required for testing full-size specinlens. 

(3) When reduced scale specinlens are used, they should be of the sanle material and 
type, geo111etrically silnilar to the full-size specilnens, and should be n1anufactured with 
the SalTIe process and quality control. 

K.2.2 Sequence of tests 

(l) The following sequence of tests should be perfornled for the prescribed number 
of cycles, at a vertical load equal to the average pernlaoent load, on all isolator units of a 
C01111110n type and size. 

TJ Three fully reversed cycles at plus and minus the n1axinlU111 thernlal 
displacement at a test velocity not less thao 0,1 lUlu/olin. 
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Twenty fully reversed cycles of loading at plus and nlinus the nlaxinlU111 non
seisnlic design reaction, at an average test frequency of 0,5 Hz. Following the 
cyclic testing, the load should be held on the specinlen for 1 nlinute. 

T.1 Five fully reversed cycles at the increased design seismic displacenlent. 

T4 Fifteen fully reversed cycles at the increased design displacenlent, starting at the 
offset dispiacenlent (7.6.2(2)P). The cycles l11ay be applied in three groups of 
five cycles each, with each group separated by idle tilDe to a110w for specimen 
cooling down. 

Ts Repetition of test but with the llunlber of cycles reduced to three. 

T6 I f an isolator unit is also a vertical load-carrying elenlent, then it should also be 
tested for one fully reversed cycle at the total design seisnlic displacement under 
the following vertical loads: 

where 

QG is the pennanent load and 

&Ed is the additional vertical load due to seislnic overturning effects, based on peak 
response under the design seismic action. 

(2) Tests T3, T4 and T6 should be perfornled at a frequency equal to the inverse of the 
effective period of the isolating systenl. Exception fronl this rule is pern1itted for isolator 
units that are not dependent on the rate of loading (the rate of loading has as prinlary 
effect the viscous or frictional heating of the specinlen). The force displacenlent 
characteristics of an isolator unit are considered to be independent of the rate of loading, 
when there is less than 15% difference on either of the values of Fo and ](p defining the 
hysteresis loop (see Figure 7.1), when tested for three fully reversed cycles at the design 
displacelnent and frequencies in the range of 0,2 to 2 times the inverse of the effective 
period of the isolating systenl. 

K.2.3 Determination of isolators characteristics 

K.2.3.1 Force-displacement characteristics 

(1) The effective stiffness of an isolator unit should be calculated for each cycle of 
loading as follows: 

F -F 
K 

efT 

p 11 
(K.l) 

d -d 
p 11 

where: 

dp and dn are the IDaxilDunl positive and nlaXInlU111 negative test displacenlent, 
respectively, and 
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Fp and Fn are the luaxinlum positive and negative forces, respectively, for units 
with hysteretic and frictional behaviour, or the positive and negative forces 
corresponding to dp and ~l' respectively, for units with viscoelastic behaviour. 

FigureKl: Force-displacement diagrams of tests (Left: hysteretic or friction 
behaviour; right: viscous behaviour) 

K.2.3.2 Damping characteristics 

(l) The energy dissipated per cycle EOi of an isolator unit i, should be deternlined 
for each cycle of loading as the area of the relevant hysteresis loop of the five fully 
reversed cycles at the total design displacenlent of test T3 of K.2.2. 

K.2.3.3 System adequacy 

(l) The perfonnance of the test specinlens should be considered as adequate if the 
following requirenlents are satisfied: 

Rl except for fluid viscous dmnpers, the force-displacenlent plots of all tests specified 
in K.2.2 should have a positive incremental force-carrying capacity. 

R2 in test TJ of K.2.2 the luaximu111 nleasured force should not exceed the design 
value by more than 50/0. 

(5) R3 in tests T2 and Ts of K.2.2 the nlaxinlum Ineasured displacelnent should not 
exceed 110% of the design value. <51 

R4 in test T3 of K.2.2, the maxinlum and luinimunl values of the effective stiffness 
Kenl of isolator unit i (and the corresponding force-displacenlent diagrams), as 
well as of the energy dissipated per cycle, EDi , should be determined as the 
Inaximum and minimum, respectively, of the average of each of the four pairs of 
consecutive cycles of the test. These nominal properties should be within the 
range of nominal properties, assunled by the design. 

Rs In test T4 of K.2.2, the ratio of the nlininlunl to the nlaxinlunl effective stiffness 
measured in each of the 15 cycles should be not less than 0,7. 

R6 In test T4 of K.2.2, the ratio minEo/nlaxED for each of the 15 cycles should not be 
less than 0,7. 
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R7 AI1 vertical load-carrying units should remain stable (i.e. with positive incren1ental 
stiffness) during the test T6 of K.2.2. 

Rs Following the conclusion of the tests~ all test specilnens should be inspected for 
evidence of significant deterioration, which may constitute cause for rejection, 
such as (where relevant): 

Lack of rubber to bond 

Laminate placement fault 

Surface rubber cracks wider or deeper than 70% of rubber cover thickness 

Material peeling over more than 5% of the bonded area 

Lack of to nletal bond over n10re than of the bonded area 

- Scoring of stainless steel plate by 111arks deeper or wider than 0,5 nlnl and over a 
length exceeding 20 nl111 

- Pennanent defonnation 

Leakage 

K.3 Other tests 

K.3.1 Wear and fatigue tests 

(1) These tests should account for the influence of cumulative travel due to 
displacen1ents caused by thennal and traffic loadings, over a service life to at least 30 
years. 

(2) For bridges of nornlallength (up to about 200 nl) and unless a different value is 
substantiated by calculation, the InininlU111 cUlnulative travel n1ay be taken as 2000 111. 

K.3.2 Lo\" temperature tests 

(1) If the isolator units are intended to be used in low temperature areas, with 
minimum isolator ten1perature for seisluic design T;11in,b < O°C (see J.l(2»), then a test 
should be perfonned at this tenlperature, consisting of five fully reversed cycles at the 
design displacelnent, with the renlaining conditions as specified in test T3 of K.2.2. The 
specin1en should be kept below freezing for at least two days before the test. The results 
should be evaluated as specified in R4 of K.2.3.3(1). 

(2) In the tests of K.3.1, 10% of the travel should be perfornled under temperature 
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Foreword 

This European Standard EN 1998-3, Eurocode 8: Design of structures for earthquake 
Assessnlent and Retrofitting of buildings, has been prepared by Technical 

Comnlittee CEN/TC 250 "Structural Eurocodes", the secretariat of vvhich is held by 
BSL 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 December 2005, and 
conflicting national standards shall be withdrawn at the latest by March 2010. 

This dOCUl11ent supersedes ENV 1998-1 1996. 

According to CEN-CENELEC Internal Regulations, the National Standard 
Organisations of the following countries are bound to inlplement this European 
Standard: Austria, Belgium, Cyprus, Czech Republic, Denmark, Estonia, Finland, 
France, Gernlany, Greece, Hungary, Iceland, Ireland, Italy, Lithuania, 
Luxenlbourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, 
Sweden, Switzerland and United Kingdoll1. 

Background of the Eurocode programme 

In 1975, the Comnlission of the European Con1111unity decided on an action progranl1ue 
in the field of construction, based on article 95 of the Treaty. The objective of the 
progranl1ne was the elinlination of technical obstacles to trade and the harn10nisatioll of 
technical specifications. 

Within this action progranlme, the COlnnlission took the initiative to establish a set of 
hannonised 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, 
ultilnately, would replace then1. 

For fifteen years, the Conlll1ission, with the help of a Steering Conlnlittee with 
Representatives of Menlber States, conducted the develop111ent of the Eurocodes 
progranl1ne, which led to the first generation of European codes in the 1980' s. 

In 1989, the Conlnlission and the MelTlber States of the EU and EFTA decided, on the 
basis of an agreel11ent l between the C01111nission 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 Con1mission's 
Decisions dealing vvith European standards the Council Directive 89/106/EEC on 
construction products - CPD - and Council Directives 93/37/EEC, 92/50/EEC and 
89/440lEEC on pub1ic works and and equivalent EFTA Directives initiated in 
pursuit of setting up the internal market). 

The Structural Eurocode progranlnle con1pnses the following standards generally 
consisting of a nU111ber of Parts: 

I Agreement between the Commission of the European Communities and the European Committee for Standardisation (CEN) 
concerning the work on EUROCODES for (he design of building and eivil engineering works (BCiCEN/03/89), 
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EN 1994 Eurocode 4: Design of cOlnposite and concrete structures 

EN 1995 Eurocode 5: Design of tinlber structures 

EN 1996 Eurocode 6: Design of Inasonry structures 

EN 1997 Eurocode 7: Geotechnical design 

EN 1998 Eurocode 8: Design of structures for earthquake resistance 

EN 1999 Eurocode 9: Design of aluminiulTI structures 

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

Status and field of app1ication of Eurocodes 

The Menlber States of the and EFTA recognise that Eurocodes serve as reference 
doclllnents for the following purposes: 

as a ll1eans to prove conlpliance of building and civil engineering works with the 
essential requirements of Councjl Directive 89/106/EEC, particularly Essential 
Requirenlent N° 1 Mechanical resistance and stability - and Essential Requirenlent 
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 hannonised technical specifications for construction 
products (ENs and ETAs) 

The Eurocodes, as far as they concenl the construction works thelllselves, have a direct 
relationship with the Interpretative Documents2 referred to in Article 12 of the CPD, 
although they are of a different nature tl'0111 hannonised product standards3

. Therefore, 
technical aspects arising fron1 the Eurocodes work need to be adequately considered by 

According to Art. 3.3 of the CPO, 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 ET AGsiET As . 

.1 According to Art. 12 onlle CPO 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 corrdating these classes or levels of requirement with the technical specitications, e.g. methods of 
calculation and of proof, technical rulcs for project design, etc. ; 

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

The Euroeodes, de/clcfo, playa 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 conlpatibility of these technical specifications 
with the Eurocodes. 

The Eurocode standards provide comnl0n structural design rules for everyday use for 
the design of whole structures and conlponent products of both a traditional and an 
innovative nature. Unusual fonns of construction or design conditions are not 
specifically covered and additional expert consideration win be required by the 
designer in such cases. 

National Standards implenlenting Eurocodes 

The National Standards ill1plenlenting 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, and Inay be followed by a National annex 
(inforn1ative ). 

The National annex nlay only contain infonnation on those parameters which are left 
open in the Eurocode for national choice, known as Nationally Determined Parmneters, 
to be used for the design of buildings and civil engineering works to be constructed in 
the country concerned, 

values and/or classes where alternatives are given in the Eurocode, 

values to be used \vhere a synlbol only is given in the Eurocode, 

country specific data (geographical, clinlatic, etc.), e.g. snow n1ap, 

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

It Jnay also contain 

decisions on the application of infonnative annexes, 

references to non-contradictory c01nplenlentary 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 harn10nised technical specifications for 
construction products and the technical rules for works4

. Furthernl0re, all the 
info1111atio11 acco111panying the CE Marking of the construction products which refer to 
Eurocodes shall clearly n1entl0n which Nationally Determined Parameters have been 
taken into account. 

Additional information specific to EN 1998-3 

Although asseSSlnellt and retrofitting of existing structures for non-seislnic actions is 
not yet covered by the relevant ll1aterial-dependent Eurocodes, this Part of Eurocode 8 
was specifically developed because: 

-1 See ArL3.3 and Arl.l of the CPO, well LIS clauses 4.2, 4.3.1,4.3.2 and 5.2 of 10 I. 
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- For many older structures~ seislnic resistance was not considered during the original 
construction, whereas non-SeiS111ic actions were catered for, at least by means of 
traditional construction rules. 

- Seisnlic hazard evaluations in accordance with present knowledge may indicate the 
need for retrofitting canlpaigns. 

Danlage caused by earthquakes nlay create the need for nlajor repairs. 

Furthennore, since within the philosophy of Eurocode 8 the SeiS111ic design of new 
structures is based on a certain acceptable of structural damage in the event of 
the design earthquake, criteria for seismic asseSSlllent (of structures designed in 
accordance with Eurocode 8 and subsequently danlaged) constitute an integral part of 
the entire process for seisl11ic structural safety. 

In seismic retrofitting situations, qualitative verifications for the identification and 
elinlination of 111ajor structural are very inlportant and should not be 
discouraged by the quantitative analytical approach proper to this Part of Eurocode 8. 
Preparation of documents of more qualitative nature is left to the initiative of the 
National Authorities. 

This Standard addresses only the structural aspects of seisnlic assessnlent and 
retrofitting, which nlay fOrl11 only one cOlllponent of a broader strategy for seismic risk 
111itigation. This Standard will apply once the requirel11el1t to assess a particular building 
has been established. The conditions under which seisnlic assessnlent of individual 
buildings possibly leading to retrofitting ll1ay be required are beyond the scope of 
this Standard. 

National progratllnles for seisnlic risk nlitigation through seismic assessnlent and 
retrofitting nlay differentiate between "active" and "passive" selsnlic aSSeSSl11ent and 
retrofitting progranl111es. "Active" progranlnles nlay require owners of certain 
categories of buildings to nleet specific deadlines for the conlpletion of the seismic 
asseSSlllent and depending on its outconle - of the retrofitting. The categories of 
buildings selected to be targeted nlay depend on seislnicity and ground conditions~ 
importance class and occupancy and perceived vulnerability of the building (as 
influenced by type of nlaterial and construction, nunlber of storeys, of the building 
with respect to dates of older code enforcenlent, etc.). "Passive" progranlnles associate 
seislnic asseSS111ent - possibly leading to retrofitting with other events or activities 
related to the use of the building and its continuity, such as a change in use that 
increases occupancy or inlportance class, rel110delling above certain limits (as a 
percentage of the building area or of the total building value), repair of damage after an 
earthquake, etc. The choice of the Limit States to be checked, as well as the return 
periods of the seisnlic action ascribed to the various Litnit States, nlay depend on the 
adopted progranlnle for assessnlent and retrofitting. The relevant requirements may be 

stringent in "active" progran1111es than in "passive" ones; for example, in "passive" 
prograInllleS triggered by renlodelling, the relevant requiretnents 111ay gradate with the 
extent and cost of the remodelling work undertaken. 

In cases of low seis111icity (see EN1998-J, 3.2.1(4)), this Standard ll1ay be adapted to 
local conditions by appropriate N ationa1 Annexes. 

National annex for EN 1998-3 

This standard gives altenlative procedures, values and recoll1nlendations for classes 
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with notes indicating where national choices nlay have to be nlade. Therefore the 
National Standard inlplelnenting EN 1998-3: 2005 should have a National annex 
containing all Nationally Detell11ined Paranleters to be used for the design of buildings 
and civil engineering works to be constructed in the relevant country. 

N' I I . atlona c 101ce IS a 11 owe d' EN 1998 3 2005 I 1 1 III - t lrougn causes: 
I 

Reference ltelll I 

1.1 (4) lnfornlative Annexes A, Band C. 

2.1(2)P Nunlber of Limit States to be considered 
! 

2.1(3)P Return period of seismic actions under which the Limit States should not 

be exceeded. 

2.2.1 (7)P Partial factors for nlaterials 

3.3.1(4) Confidence factors 

3.4.4(1) Levels of inspection and testing 

4.4.2(1 )P MaxinlU1l1 value of the ratio Pmaxl Pmin 

4.4.4.5(2) Complenlentary, non-contradictory information on non-linear static 

analysis procedures that can capture the effects of higher modes. 

I A.4.4.2(5) Partial factor 1ft! for FRP debonding 

A.4.4.2(9) Partial factor j1(\ of the FRP 
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1.1 Scope 
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(1) The scope of Eurocode 8 is defined in EN 1998-1: 2004, 1.1.1 and the scope of 
this Standard is defined in (2), (4) and (5). Additional parts of Eurocode 8 are indicated 
111 1998-1: 2004, 1.1.3. 

(2) The scope of EN 1998-3 is as follows: 

To provide criteria for the evaluation of the selsn11C perfonnance of existing 
individual building structures. 

- To describe the approach in selecting necessary corrective n1easures 

To set forth criteria for the design of retrofitting ll1easures (i.e. conception, 
structural analysis including intervention 111easures, final dinlensioning of structural 
parts and their connections to existing structural elenlents). 

NOTE For the purposes of this standard, retrofitting covers both the strengthening of 
undamaged structures and the repair of earthquake damaged structures. 

(3) When designing a structural intervention to provide adequate resistance against 
seismic actions, structural verifications should also be tnade with respect to non-seisnlic 
load c0111binations. 

(4) Reflecting the basic require111ents of EN 1998-1: 2004, this Standard covers the 
seisnlic asseSSlnent and retrofitting of buildings nlade of the more conll110nly used 
structural ll)aterials: concrete, steel, and masonry. 

NOTE Informative Annexes Band C contain additional information related to the assessment 
of reinforced concrete, steel and composite, and masonry buildings, respectively, and to their 
upgrading when necessary. 

(5) Although the provisions of this Standard are applicable to all categories of 
buildings, the seis111ic assessnlent and retrofitting of 1110nU111ents and historical 
buildings often requires different types of provisions and approaches, depending on the 
nature of the lnonUlnents. 

(6) Since existing structures: 

(i) ref1ect the state of knowledge at the tinle of their construction, 

(ii) possibly contain hidden gross errors, 

(iii) may have been sublnitted to previous earthquakes or other accidental actions with 
unknown effects, 

structural evaluation and possible structural intervention are typically subjected to a 
different degree of uncertainty (level of knowledge) than the design of new structures. 
Different sets of material and structural safety factors are therefore required, as well as 
different analysis procedures, depending on the conlpleteness and reliability of the 
infonnation available. 
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1.2 Normative references 

(1)P This European Standard incorporates by dated or undated reference, provisions 
froll1 other publications. These normative references are cited at the appropriate places 
in the text and the publications are listed hereafter. For dated references, subsequent 
an1endn1ents to or revisions of any of these publications apply to this European 
Standard only when incorporated in it by mnendlnent or revision. For undated 
references the latest edition of the publication referred to applies (including 
an1endnlents ). 

1.2.1 General reference standards 

EN 1990 Eurocode - Basis of structural design 

EN 1998-1 Eurocode 8 - Design of stIuctures for earthquake resistance - Part 1: 
General rules, seisn1ic actions and rules for buildings 

1.3 Assumptions 

(1) Reference is Inade to 1998-1: 2004, 1.3. 

(2) The provisions of this Standard aSSUlne that the data collection and tests is 
perfornled by experienced personnel and that the engineer responsible for the 
assessn1ent, the possible design of the retrofitting and the execution of work has 
appropriate experience of the type of structures being strengthened or repaired. 

(3) Inspection procedures, check-lists and other data-collection procedures should 
be docUlnented and filed, and should be referred to in the design documents. 

1.4 Distinction between principles and application rules 

(1) The rules of EN 1990: 2002, 1.4 apply. 

1.5 Definitions 

(1) Reference is made to EN 1998-1: 2004, 1.5. 

1.6 Symbols 

1.6.1 General 

(1) Reference is made to 1998-1: 2004, 1.6. 

(2) Further symbols used in this Standard are defined in the text where they occur. 

1.6.2 Symbols used in Annex A 

b width of steel straps in steel jacket 

bo and ho din1ension of confined concrete core to the centreline of the hoop 

bi centreline spacing of longitudinal bars 

c concrete cover to reinforcen1ent 

d effective depth of section (depth to the tension reinforcement) 
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d' depth to the cOlnpression reinforcenlent 

dbL dialneter of tenslon reinforcenlent 

concrete compressive strength (MPa) 

confined concrete 01"1'':'1-. .... 1"1-. 

fed design value of concrete strength 

;~tl11 concrete lnean tensile strength 

ftdd,c design value of FRP (fibre-reinforced polyn1er) effective debonding strength 

jfu,w(R)ultin1ate strength of FRP sheet wrapped around corner with radius R, expression 
(A.25) 

.h estimated mean value of steel yield strength 

.hd design value of yield strength of (longitudinal) reinforcenlent 

fyj,d design value of yield strength jacket steel 

;;'\"1 yield stress of transverse or confinenlent reinforcelnent 

h depth of cross-section 

kb = ~1,5. (2 - wf /Sf )/(1 + tVf /100 n1n1) 

reinforced polynler) strips/sheet 

coverIng coefficient of FRP (fibre-

n nunlber of spliced bars along perimeter p 

p length of perinleter line in column section along the inside of longitudinal 

S centreline spacing of stirrups 

Sf centreline spacing of FRP (fibre-reinforced polymer) strips for FRP sheets) 

tf thickness of FRP (fibre-reinforced polYlner) sheet 

tj thickness of steel jacket 

x conlpression zone depth 

Wf width of FRP (fibre-reinforced polymer) strip/sheet 

z length of section internal lever ann 

Ae colunln cross-section area 

Af trlevrSinp : horizontally projected cross-section area of FRP (fibre-reinforced 
polymer) strip/sheet with thickness tt~ \vidth Wf and angle p 

As cross-sectional area of longitudinal steel reinforcenlent 

Asw cross-sectional area of stilTup 

Ef FRP (fibre-reinforced polymer) modulus 

Ly=M/V shear span at menlber end 

N axial force (positive for cOlnpression) 

VR,c shear resistance of lnember without web reinforcement 

VR,l11ax shear resistance as detennined by crushing in the diagonal compression strut 

Vw contribution of transverse reinforcenlent to shear resistance 
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a confinen1ent effectiveness factor 

rc] factor, greater than 1,0 for prin1ary selSl111C and equal to 1,0 for secondary 
seismic elen1ents 

It'd partial factor for FRP (fibre-reinforced polY111er) debonding 

() angle between the diagonal and the axis of a column 

Bell concrete ultin1ate strain 

Bill FRP (fibre-reinforced polyn1er) ultin1ate strain 

Dsu.w ultimate strain of confinen1ent reinforcen1ent 

B strut inclination angle in shear design 

By chord rotation at yielding of concrete lueluber 

Bu ultimate chord rotation of concrete meluber 

v = N / bl?f~ (b width of cOlupression zone) 

Pd steel ratio of diagonal reinforcement 

Pf volun1etric ratio of FRP (fibre-reinforced polyn1er) 

ps geometric steel ratio 

psx / bwSh = ratio of transverse steel parallel to direction x of loading (sh 

stirrup spacing) 

Plot total longitudinal reinforcetnent ratio 

Psw volun1etric ratio of confinen1ent reinforcen1ent 

pw transverse reinforcement ratio 

qJu ultin1ate curvature at end section 

fA, yield curvature at end section 

(0, (0 n1echanical reinforceluent ratio of tension and compression reinforcement 

1.6.3 Symbols used in Annex B 

bep width of the cover plate 

bf flange width 

de column depth 

dz panel-zone depth between continuity plates 

e distance between the plastic hinge and the column face 

f~ concrete cOlupressive strength 

f~t tensile strength of the concrete 

IlIw tensile strength of the welds 

yield strength of transverse reinforcen1ent 

,h,p] n01111nal yield strength of each flange 
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lcp length of the cover plate 

tep thickness of the cover plate 

tf thickness 

web thickness 

W z panel-zone width between column ~''''',L.''''''''U 

A g area of the section 

Ahf area of the haunch flange 

ApI area of each flange 

Bs width of the steel flat-bar brace 

B width of the COlTIposite section 

E Young's modulus of the beam 

elastic nlodulus of the RC (reinforced concrete) panel 

F t seisnlic base shear 

H frame height 

He storey height of the fralne 

K{p connection rotation stiffhess 

1 lTIOlTIent of inertia 

L bealTI span 

A1pb,Rd beam plastic nlonlent 

Nd design axial 

Ny yield strength of the steel brace 

Sx beam elastic (n1ajor) modulus; 

Tc thickness of the panel 

Vpl,Rd,b shear force at a bean1 plastic hinge 

Zb plastic modulus of the beanl 

BS EN 1998-3:2005 
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effective plastic lTIodulus of the section at the plastic hinge location 

pw ratio of transverse reinforcement 

1. 7 S.I. Units 

(1) Reference is lTIade to EN 1998-1: 2004, 1.7. 
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2 PERFORl\1ANCE REQUIRE~fENTS AND COMPLIANCE CRITERIA 

2.1 Fundamental requirements 

(1)P The fundmnental requlrelnents refer to the state of danlage in the structure, 
herein defined through three Linlit States (LS), nalnely Near Collapse (NC), Significant 
Dall1age (SD), and Dalnage Limitation (DL). These Limit States shall be characterised 
as follows: 

LS of Near Collapse (NC). The structure is heavily dall1aged, with low residual lateral 
strength and stiffness, although vertical elenlents are still capable of sustaining vertical 
loads. Most non-structural cOlnponents have col1apsed. Large pern1anent drifts are 
present. The structure is near collapse and would probably not survive another 
earthquake, even of moderate intensity. 

LS of Significant Danlage (SD). The structure is significantly dan1aged, with son1e 
residual lateral strength and stiffness, and vertical elenlents are capable of sustaining 
vertical loads. Non-structural conlponents are dall1aged, although partitions and infills 
have not failed out-of-plane. Moderate pennanent drifts are present The structure can 
sustain after-shocks of nloderate intensity. The structure is likely to be unecono111ic to 
repaIr. 

LS of Da111age Linlitation (DL). The structure is only lightly dan1aged, with structural 
elelnents prevented fron1 significant yielding and retaining their strength and stiffness 
properties. Non-structural components, such as partitions and infills, l11ay show 
distributed cracking, but the danlage could be economically repaired. Pennanent drifts 
are negligible. The structure does not need any repair Ineasures. 

NOTE The definition of the Limit State of Collapse given in this Part 3 of Eurocode 8 is closer 
to the actual col1apse of the building than the one given in EN 1998-1: 2004 and corresponds to 
the fullest exploitation of the deformation capacity of the structural elements. The Limit State 
associated with the 'no collapse' requirement in EN 1998-1: 2004 is roughly equivalent to the 
one that is here defined as Limit State of Significant Damage. 

(2)P The National Authorities decide whether all three Lin1it States shall be checked, 
or two of them, or just one of them. 

NOTE The choice of ~ the Limit States to be checked in a country @1] , among the three 
Limit States defined in 2.1(1)P, may be found in the National Annex. 

(3)P The appropriate levels of protection are achieved by selecting, for each of the 
Limit States, a return period for the seisn1ic action. 
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NOTE The return periods ascribed to the various Limit States to be checked in a country may be 
found in its National Annex. The protection normally considered appropriate for ordinary new 
buildings is considered to be achieved by selecting the following values for the return periods: 

LS of Near Collapse (NC): 2.475 years, corresponding to a probability of exceedance of2% in 
50 years 

- LS of Significant Damage (SO): 475 years, corresponding 10 a probability of exceedance of 
10% in 50 years 
LS of Damage Limitation (DL): 225 years, corresponding to a probability of exceedance of 
20% in 50 years. 
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2.2.1 General 
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(I)P Compliance with the requirements in 2. t is achieved by adoption of the seisn1ic 
action, Inethod of analysis, verification and detailing procedures contained in this part 
of EN 1998, as appropriate for the ditIerent structural materials within its scope (i.e. 
concrete, steel, 111asonry). 

(2)P Except when using the q-factor approach, compliance is checked by making use 
of the full (unreduced, elastic) SeiSll1ic action as defined in 2.1 and 4.2 for the 
appropriate return period. 

(3)P For the verification of the structural elen1ents a distinction is n1ade between 
'ductile' and 'brittle' ones. Except when using the q-factor approach, the forn1er shall 
be verified by checking that de111ands do not exceed the cOlTesponding capacities in 
te1111S of defonnations. The latter shall be verified by checking that den1ands do not 
exceed the corresponding capacities in tern1S of strengths. 

NOTE Information for classifying components/mechanisms as "ductile" or "brittle" may be 
found in the relevant material-related Annexes. 

(4)P Alternatively, a q-factor approach lnay be used, where use is made of a seismic 
action reduced by a q-factor, as indicated in 4.2(3)P. In safety verifications all structural 
elelnents shall be verified by checking that den1ands due to the reduced seisn11c action 
do not exceed the corresponding capacities in ter111S of strengths evaluated in 
accordance with (5) P. 

(5)P For the calculation of the capacities of ductile or brittle elements, where these 
will be con1pared with den1ands for safety verifications in accordance with (3)P and 
(4)P, n1ean value properties of the existing materials sha11 be used as directly obtained 
from in-situ tests and fron1 the additional sources of inforn1ation, appropriately divided 
by the confidence factors defined in 3.5, accounting the level of knowledge attained. 
Nominal properties shall be used for new or added n1aterials. 

(6)P Son1e of the existing structural elen1ents 111ay be designated as "secondary 
seisn1ic", in accordance with the definitions in EN 1998-1: 2004, 4.2.2 (1 )P, (2) and (3). 
"Secondary seis111ic" elen1ents shall be verified with the saIne conlpliance criteria as 
primary seisInic ones, but using less conservative estin1ates of their capacity than for 
the elelnents considered as "prin1ary seislnic". 

(7)P In the calculation of strength capacities of brittle "prinlary seismic"elenlents, 
n1aterial strengths sha11 be divided by the partial factor of the material. 

NOTE: The values ascribed to the partial factors for concrete, structural masonry 
and other materials for LIse in a country can be found in the National Annex to this standard. 
Notes to clauses 5.2.4(3), 6.1.3(1), 7.1.3(1) and 9.6(3) in EN1998-J: 2004 refer to the values of 
partial factors for steel, concrete, structural steel and masonry to be used for the design of new 
buildings in different countries. 

2.2.2 Limit State of Near Collapse (NC) 

(l)P Demands shall be based on the design seisnlic action relevant to this Lilnit 
State. For ductile and brittle elelnents delnands shall be evaluated based 011 the results 
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of the analysis. If a linear method of analysis is used, denlands on brittle elenlents shall 
be modified in accordance to 4.5.1 (1 )P. 

(2)P Capacities shall be based on appropriately defined ultilnate defornlations for 
ductile elenlents and on ultin1ate strengths for brittle ones. 

(3) The q-factor approach (see 2.2.1(4)P, 4.2(3)P) is generally not suitable for 
checking this Lin1it State. 

NOTE The values of q = 1,5 and 2,0 quoted in 4.2(3)P for reinforced concrete and steel 
structures, respectively, as well as the values of q possibly justified with reference to the 
local and global available ductility in accordance with the relevant provisions of EN 1998-1: 
2004, correspond to fulfilment of the Damage Limit State. If it is chosen 10 use this 
approach to check the Near Limit State, then 2.2.3(3)P may be with a value of 
the q-factor exceeding those in 4.2(3)P by about one-third. 

2.2.3 Limit State of Significant Damage (SD) 

(1 )P Denlands shall be based on the design selsn1ic action relevant to this LinTit 
State. For ductile and brittle elements denlands shall be evaluated based on the results 
of the analysis. In case a linear nlethod of analysis is used, detnands on brittle elenlents 
shal1 be n10dified in accordance to 4.5.1(1)P. 

(2)P Except when using the q-factor approach, capacities shall be based on danlage
related defonnations for ductile elelnents and on conservatively estimated strengths for 
brittle ones. 

(3)P In the q-factor approach (see 2.2.1(4)P, 4.2(3)P), delnands shall be based on the 
reduced seisnlic action and capacities shall be evaluated as for non-seislnic design 
situations. 

2.2.4 Limit State of Damage Limitation (DL) 

(l)P Denlands shall be based on the design seismic action relevant to this Limit 
State. 

(2)P Except when using the q-factor approach, capaCItIes shall be based on yield 
strengths for all structural elements, both ductile and brittle. Capacities of infil1s shall 
be based on mean interstorey drift capacity for the infills. 

(3)P In the q-factor approach (see 2.2.1(4)P, 4.2(3)P), denlands and capacities shall 
be c0111pared in ternlS of nlean interstorey drift. 
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3 INFORMATION FOR STRUCTURAL ASSESSlVIENT 

3.1 General information and history 

(l)P In assessing the earthquake resistance of existing structures, the input data shall 
be col1ected from a variety of sources, including: 

- available docun1entation specific to the building in question, 

relevant data sources (e.g. contemporary codes and standards), 

- field investigations and, 

in nl0st cases, in-situ and/or laboratory measuren1ents and tests, as described 111 

lTIOre detail in 3.2 and 3.4. 

(2) Cross-checks should be made between the data collected from different sources 
to n1inilnise uncertainties. 

3.2 Required input data 

(I) In general, the infonnation for structural evaluation should cover the following 
points fron1 a) to i). 

a) Identification of the structural systen1 and of its compliance with the regularity 
criteria in EN 1998-1: 2004, 4.2.3. The information should be collected either fron1 on 
site investigation or fronl original design drawings, if ava"ilable. In this latter case, 
infol111ation on possible structural changes since construction should also be collected. 

b) Identification of the type of building foundations. 

c) Identification of the ground conditions as categorised in EN 1998-1: 2004, 3.1. 

d) I11fonllation about the overall din1ensions and cross-sectional properties of the 
building elenlents and the lnechanical properties and condition of constituent lnaterials. 

e) Infol111atio11 about identifiable nlaterial defects and inadequate detailing. 

f) Infornlation on the seismic design criteria used for the initial design, including the 
value of the force reduction factor (q-factor), if applicable. 

g) Description of the present and/or the planned use of the building (with 
identification of its inlportance class, as described in 1998-1: 2004, 4.2.5). 

h) Re-asseSSll1ent of in1posed actions taking into account the use of the building. 

i) Infon11ation about the type and extent of previous and present structural dan1age, if 
any, including earlier repair l11easures. 

(2)P Depending on the an10unt and quality of the inf01111ation collected on the points 
above, different types of analysis and different values of the confidence factors shall be 
adopted, as indicated in 3.3. 
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3.3 Knowledge levels 

3.3.1 Definition of knowledge levels 

(1) For the purpose of choosing the adlnissible type of analysis and the appropriate 
confidence factor values, the fo11owing three knowledge levels are defined: 

KL I : Limited knowledge 

KL2 : Nornlal knowledge 

KL3 : Full knowledge 

(2) The factors detennining the appropriate knowledge level (i.e.KL1, KL2 or 
KL3) are: 

i) geomeuy: the geOlnetrical properties of the structural systeln, and of such non
structural elenlents (e.g. nlasonry infill panels) as nlay affect structural response. 

ii) details: these include the anlount and detailing of reinforcenlent in reinforced 
concrete, connections between 111embers, the connection of floor diaphragms to 
lateral resisting structure, the bond and nl0rtar jointing of nlasonry and the nature of 
any reinforcing elenlents in Inasonry, 

jii) materials: the mechanical properties of the constituent materials. 

(3) The knowledge level achieved detennines the allowable nlethod of analysis (see 
4.4), as well as the values to be adopted for the confidence factors (CF). The procedures 
for obtaining the required data are given in 3.4. 

(4) The relationship between knowledge levels and applicable Inethods of analysis 
and confidence factors is illustrated in Table 3.1. The definitions of the terms 'visual', 
'full', 'limited', 'extended' and 'cOlnprehensive' in the Table are given in 3.4. 
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Table 3.1: Knowledge levels and corresponding methods of analysis (LF: Lateral 
Force procedure, lVIRS: Modal Response Spectrum analysis) and confidence 

factors (CF) . 

. Knowledge 
GeOlnetry Details ]\Irateri al s Analysis CF 

Level 

Sinlulated design Default values in 

in accordance wlthaccordance with 

relevant practice standards of the 

KLI and tilne of LF- MRS 
Icons tructi on fronl limited in-

situ inspection and 

fronl limited in-

situ testing 

From inconlplete F r0111 original 

original detailed design 
Fronl original construction specifications with 

outline 
construction drawings with .limited in-situ 

KL2 drawings with limited il1-5;itll Itesting All 

sanlple visual inspection PI' 
survey 

fron1 extended in-or or 

from full froln extended in- situ testing 
survey situ inspection 

F rOln original FrOln original test 

detailed reports with 

construction limited in-situ 

drawings with testing 

I 

KL3 limited in-situ or All CFKL3 

inspection fro 

or comprehensive 

from in-situ testing 

comprehensive 

in-situ inspection 

NOTE The values ascribed to the confidence factors to be used in a country may be found in its 
National Annex. The recommended values are CF KL1 = 1,35, CFKL2 = 1,20 and CFKL3 1,00. 

3.3.2 KLl: Limited kno·wledge 

(1) KL 1 corresponds to the following state of knowledge: 

i) geo1Jwtly: the overall structural geonletry and melnber are known either (a) 
from survey; or (b) froln original outline construction drawings used for both the 
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original construction and any subsequent Inodifications. In case (b), a sufficient san1ple 
of dimensions of both overall geometry and n1en1ber sizes should be checked on site; if 
there are significant discrepancies fron1 the outline construction drawings, a fuller 
din1ensionaJ survey should be perfonned. 

ii) details: the structural details are not known frOln detailed construction drawings and 
n1ay be assumed based on sin1ulated design in accordance with usual practice at the 
time of construction; in this case, limited inspections in the n10st critical elen1ents 
should be perfo1111ed to check that the assumptions conespond to the actual situation. 
Otherwise~ n10re extensive in-situ inspection is required. 

iii) materials: no direct inforn1ation on the nlechanical properties of the construction 
ll1aterials is available, either fronl original design specifications or from Ol-jginal test 
reports. Default values should be assunled in accordance with standards at the tjnle of 
construction, accOlTIpanied by limited in-situ testing in the Inost critical elenlents. 

(2) The inforn1ation collected should be sufticient for perforn1ing local verifications 
of element capacity and for setting up a linear structural analysis Inodel. 

(3) Structural evaluation based on a state of limited knowledge should be perfornled 
through linear analysis methods, either static or dynamic (see 4.4). 

3.3.3 KL2: Normal knowledge 

(I) KL2 corresponds to the following state ofla10wledge: 

i) geometr:v: the overall structural geon1etry and member sizes are known either (a) 
from an extended surveyor (b) from outline construction drawings used for both the 
original construction and any subsequent lTIodifications. In case (b), a sufficient sample 
of dinlensions of both overall ge0111etry and melYlber should be checked on site; if 
there are significant discrepancies from the outline construction drawings, a fuller 
dimensional survey is required. 

ii) details: the structural details are known either frOlTI extended in-situ inspection or 
frOln inconlplete detailed construction drawings. In the latter case, liInited in-situ 
inspections in the 1110st critical elements should be perforn1ed to check that the available 
inforn1ation corresponds to the actual situation. 

iii) materials: inforn1ation on the n1echanical properties of the construction Inaterials is 
available either fron1 extended in-situ testing or fron1 original design specifications. In 
this latter case, lin1ited in-situ testing should be performed. 

(2) The inforn1ation collected should be sufficient for perfornling local verifications of 
elen1ent capacity and for setting up a linear or nonlinear structural model. 

(3) Structural evaluation based on this state of knowledge ll1ay be perforn1ed 
through either linear or nonlinear analysis methods, either static or dynanlic (see 4.4). 

3.3.4KL3: Full knowledge 

(1) KL3 corresponds to the following state of knowledge: 

i) geometry: the overall structural geon1etry and menlber sizes are known either (a) 
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from a conlprehensive survey or (b) fr01n the c0111plete set of outline construction 
drawings used for both the original construction and any subsequent nlodifications. [11 

case (b), a sufficient saInple of both overall gemnetry and 111enlber sizes should be 
checked on site; jf there are significant discrepancies fro111 the outline construction 
drawings, a fuller dinlensional survey is required. 

ii) detaiL)': the structural details are known either fr0111 comprehensive in-situ 
inspection or [f0111 a conlplete set of detailed construction drawings. In the latter case, 
linlited in-situ inspections in the 1nost critical elenlents should be performed to check 
that the available infornlation corresponds to the actual situation. 

iii) materials: infornlation on the 111echanical properties of the construction nlaterials is 
available either frol11 comprehensive in-situ testing or fronl original test reports. In this 
latter case, lilnited in-situ testing should be performed. 

(2) 3.3.3(2) applies. 

(3) 3.3.3(3) applies. 

3.4 Identification of the Knowledge Level 

3.4.1 Geometry 

3.4.1.1 Outline construction drawings 

(1) The outline construction drawings are those docunlents that describe the 
geoll1etry of the structure, allowing for identification of structural c01nponents and their 
dimensions, as well as the structural systenl to resist both vertical and lateral actions. 

3.4.1.2 Detailed construction dra\vings 

(1) The detailed drawings are those docunlents that describe the geometry of the 
structure, allowing for identification of structural conlponents and their dinlensions, as 
well as the structural system to resist both vertical and lateral actions. In addition, they 
contain infomlation about details (as specified in 3.3.1(2)). 

3.4.1.3 Visual survey 

(1) A visual survey is a procedure for checking correspondence between the actual 
geometry of the structure with the available outline construction drawings. Sample 
geOlnetry Ineasurell1ents on selected elelnents should be carried out. Possible structural 
changes which Inay have occurred during or after construction should be subjected to a 
survey as in 3.4.1.4. 

3.4.1.4 Full survey 

(1) A full survey is a procedure resulting in the production of structural drawings 
that describe the gemnetry of the structure, allowing for identification of structural 
cOll1ponents and their dilnensions, as well as the structural systeln to resist both vertical 
and lateral actions. 
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3.4.2 Details 

(1) Reliable non-destructive nlethods may be adopted in the inspections specified as 
follows: 

3.4.2.1 Simulated design 

(1) A sin1ulated design is a procedure resulting in the definition of the mnount and 
layout of reinforcenlent, both longitudinal and transverse, in all elements participating 
in the vertical and lateral resistance of the building. The design should be canied out 
based on regulatory docLlnlents and state of the practice used at the time of 
construction. 

3.4.2.2 Limited in-situ inspection 

(I) A l1111ited in-situ inspection is a procedure for checking correspondence between 
the actual details of the structure with either the available detailed construction 
drawings or the results of the sin1ulated design in 3.4.2.1. This entails perfornling 
inspections as indicated in 3.4.4(1 )P. 

3.4.2.3 Extended in-situ inspection 

(I) An extended in-situ inspection is a procedure used when the original detailed 
construction drawings are not available. This entails perfonning inspections as 
indicated in 3.4.4(1)P. 

3.4.2.4 Comprehensive in-situ inspection 

(1) A conlprehensive in-situ inspection is a procedure used when the original 
detailed construction drawings are not available and when a higher knowledge level is 
pursued. This entails perfonning inspections as indicated in 3.4.4(I)P. 

3.4.3 1\1aterials 

3.4.3.1 Destructive and non-destructive testing 

(I) Use of non-destructive test methods (e.g., Schnlidt halnmer test, etc.) should be 
considered; however such tests should not be used in isolation, but only in conjunction 
with destructive tests. 

3.4.3.2 Lhnited in-situ testing 

(1) A lin1ited progranlnle of in-situ testing is a procedure for conlplenlenting the 
infofnlation on nlaterial properties derived either froll1 standards at the till1e of 
construction, or from original design specifications, or from original test reports. This 
entails perfoffi1ing tests as indicated in 3.4.4(1)P. However, if values fronl tests are 
lower than default values in accordance with standards of the time of construction, an 
extended in-situ testing is required. 

3.4.3.3 Extended in-situ testing 

(I) An extended progrmnn1e of in-situ testing is a procedure for obtaining 
infonnation when neither the original design specification nor the test reports are 
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available. This entails perfoll11ing tests as indicated in 3.4.4(1)P. 

3.4.3.4 Comprehensive in-situ testing 

(1) A con1prehensive progran1me of in-situ testing is a procedure for obtaining 
info1111ation when neither the original design specification nor the test reports are 
available and when a higher IG10wledge level is pursued. This entails performing tests 
as indicated in 3.4.4(l)P. 

3.4.4 Definition of the levels of inspection and testing 

(l)P The classification of the levels of inspection and testing depend on the 
percentage of structural elen1ents that have to be checked for details, as we]] as on the 
number of n1aterial san1ples per floor that have to taken for testing. 

NOTE The amollnt of inspection and testing to be used in a country may be found in its 
National Annex. For ordinary situations the recommended minimum values are in Table 
3.2. There might be cases requiring modifications to increase some of them. These cases 'will be 
indicated in the National Annex. 

Table 3.2: Recommended minimum requirements for diffel'ent levels of inspection and testing. 

Inspection (of details) Testing (of materials) 
i 

For each type of primary element (beam, column, wall): 
I 

Level of inspection and Percentage of elements that are 
Material samples per floor 

! 

testing checked for details 

Limited 20 1 

. Extended 50 2 

! Comprehensive 80 3 

3.5 Confidence factors 

(l)P To detennine the properties of existing Inaterials to be used in the ca1culation of 
the capacity, when capacity is to be compared with den1and for safety verification, the 
mean values obtained f1'o111 in-situ tests and fro111 the additional sources of inforIl1ation, 
shall be divided by the confidence factor, CF, given in Table 3.1 for the appropriate 
knowledge level (see 2.2.1(5)P). 

(2)P To detennine the properties to be used in the calculation of the force capacity 
(strength) of ductile components delivering action effects to brittle cOlnponents/ 
ll1echanisms, for use in 4.5.1(1 )P(b), the n1ean value properties of existing 111aterials 
obtained fron1 in-situ tests and f1'o111 the additional sources of information, shall be 
multiplied by the confidence factor, CF, given in Table 3.1 for the appropriate 
knowledge level. 
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4 ASSESSMENT 

4.1 General 

(1) Assessn1ent is a quantitative procedure for checking whether an eXlstmg 
undanlaged or dmnaged building will satisfy the required lin1it state appropriate to the 
seisn1ic actio11 under consideration, as specified in 2.1. 

(2)P This Standard is intended for the assessment of individual buildings, to decide 
on the need for structural intervention and to design the retrofitting 111easures that may 
be necessary. It is not intended for the vulnerability assessn1ent of populations or 
groups of buildings for seisnlic risk evaluation for various purposes (e.g. for 
detern1ining insurance risk, for setting risk mitigation priorities, etc.). 

(3)P The assessment procedure shall be carried out by means of the general analysis 
methods specified in EN 1998-1: 2004, 4.3, as n10dified in this Standard to suit the 
specific problems encountered in the assessn1ent. 

(4) Whenever possible, the Inethod used should incorporate information of the 
observed behaviour of the san1e type of building or similar buildings during previous 
earthquakes. 

4.2 Seismic action and seismic load combination 

(l)P The basic n10dels for the definition of the seisn1ic 1110tion are those presented in 
EN 1998-1: 2004, 3.2.2 and 3.2.3. 

(2)P Reference is n1ade in particular to the elastic response spectrun1 specified in EN 
1998-1: 2004, 3.2.2.2, scaled to the values of the design ground acceleration established 
for the verification of the different Lilnit States. The alten1ative representations allowed 
in EN 1998-1: 2004, 3.2.3 in tenns of either artificial or recorded accelerogrmns are 
also applicable. 

(3)P In the q-factor approach (see 2.2.1(4)P), the design spectIun1 for linearanalysis 
is obtained fron1 EN 1998-1: 2004, 3.2.2.5. A value of q = 1,5 and 2,0 for reinforced 
concrete and steel stluctures, respectively, may be adopted regardless of the stIuctural 
type. Higher values of q may be adopted if suitably justified with reference to the local 
and global available ductility, evaluated in accordance with the relevant provisions of 
EN 1998-1: 2004. 

(4)P The design seisnlic action shall be combined with the other appropriate 
permanent and variable actions in accordance with EN 1998-1: 2004, 3.2.4. 

4.3 Structural modelling 

(I)P Based on infonnation col1ected as indicated in 3.2, a lnodel of the structure shal I 
be set up. The Inodel shall be such that the action effects in all structural elen1ents can 
be detell11ined under the seislnic load cOlnbination given in 4.2. 

(2)P All provisions of EN 1998-1: 2004 regarding nl0delling (EN 1998-1: 2004, 
4.3.1) and accidental torsional effects (EN 1998-1: 2004, 4.3.2) shall be applied without 
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(3) The strength and the stiftlless of secondary seisll1ic elements, 2.2.1(6)P) 
against lateral actions nlay in general be neglected in the analysis. 

(4) Taking into account secondaIY seisnlic elenlents in the overall structural model, 
however, is advisable if nonlinear analysis is applied. The choice of the elements to be 
considered as secondary seisn1ic may be varied after the results of a prelilninary 
analysis. In no case the selection of these elen1ents should be such as to change the 
classification of the struchIre fron1 non regular to regular, in accordance with the 
definitions in EN 1998-1: 2004, 4.2.3. 

(5)P Mean values of n1aterial properties shall be used in the structuralluodel. 

4.4 Methods of analysis 

4.4.1 General 

(1) The seist11ic action effects, to be combined with the effects of the other 
permanent and variable loads in accordance with the seisnlic load conlbination in 
4.2( 4)P, may be evaluated using one of the following n1ethods: 

lateral force analysis (linear), 

- lTIodal response spectru111 analysis (linear), 

- 11on-l inear static (pushover) analysis, 

- non-linear tilDe history dyna111ic analysis. 

- q-factor approach. 

(2)P Except in the q-factor approach of 2.2.1(4)P and 4.2(3)P, the seislnic action to 
be used shall be the one conesponding to the elastic (i.e., un-reduced by the behaviour 
factor q) response spectrum in EN 1998-1: 2004, 3.2.2.2, or its equivalent alternative 
representations in EN 1998-l: 2004, 3.2.3. 

(3)P In the q-factor approach of2.2.1(4)P the seislnic action is defined in 4.2(3)P. 

(4) Clause 4.3.3.1(5) ofEN1998-1: 2004 applies. 

(5) The above-listed methods of analysis are applicable subject to the conditions 
specified in 4.4.2 to 4.4.5, with the exception of n1asonry structures for which 
procedures accounting for the peculiarities of this construction typology need to be 
used. 

NOTE Complementary information on these procedures may be found in the relevant material
related Informative Annex. 

4.4.2 Lateral force analysis 

(l)P conditions for this n1ethod to be applicable are given in EN 1998-1: 2004~ 
4.3.3.2.1, with the addition of the following: 

Denoting by D/Cj the ratio between the demand Di obtained fron1 the analysis 
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under the seisnlic load cOll1bination, and the corresponding capacity Cj for the i-tIl 
'ductile' prinlary elenlent of the structure (bending monlent in n10ment fran1es or shear 
walls, axial force in a bracing~ of a braced fraIne, etc.) and by pmux and pmin the 
Inaximum and 111inimunl values of pi, respectively, over all 'ductile' prin1ary elelnents 
of the structure with Pi 1, the ratio Pmrj Pmin does not exceed a n1aximum acceptable 
value in the range of 2 to 3. Around bean1-colull1n joints the ratio Pi needs to be 
evaluated only at the sections where plastic hinges are expected to fo1'n1 on the basis of 
the c0111parison of the SU111 of bean1 flexural capacities to that of colUlllns. 4.3(5)P 
applies for the calculation of the capacities Ci. For the detel111ination of the bending 
nl0111ent capacities Cj of vertical elen1ents, the value of the axial force 111ay be taken 
eq ual to that due to the vertical loads only. 

NOTE 1 The value ascribed to this limit of Pm;) x/ Pillill for lise in a country (within the range 
indicated above) may be found in its National Annex. The recommended value is 2,5. 

NOTE 2 As an additional condition, the capacity C of the "brittle" elements or 
lllechanisl11sshould be larger than the corresponding demand D j , evaluated in accordance with 
4.5.1 (I)P, (2) and (3). Nonetheless, enforcing it as a criterion for the applicability of linear 
analysis is redundant, because, in accordance with 2.2.2(2)P, 2.2.3(2)P and 2.2.4(2)P, this 
condition will ultimately be fulfilled in all elements of the assessed or retrofitted structure, 
irrespective of the mehod of 

(2)P The method shall be applied as described in EN 1998-1: 2004, 4.3.3.2.2, 
4.3.3.2.3 and 4.3.3.2.4, except that the ordinate of the response spectrunl in expression 
(4.5) shall be that of the elastic spectrunl Se(Td instead of the design spectrunl Sd(T1). 

4.4.3 lVlulti-modal response spectrum analysis 

(l)P The conditions of applicability for this ll1ethod are given in EN 1998-1: 2004, 
4.3.3.3.1, with the addHion of the conditions specified in 4.4.2. 

(2)P The method shall be applied as described in EN 1998-1: 2004, 4.3.3.3.2/3, using 
the elastic response spectrunl Se(TI). 

4.4.4 Nonlinear static analysis 

4.4.4.1 General 

(1)P Nonlinear static (pushover) analysis is a non-linear static analysis under 
constant gravity loads and 1110110tonically increasing horizontal loads. 

(2)P Buildings not conforming with the criteria of EN 1998-1: 2004, 4.3.3.4.2.1 (2), 
(3) for regularity in plan shall be analysed using a spatial nlodel. 

(3)P For buildings confornling with the regularity criteria of EN 1998-1: 2004, 
4.2.3.2 the analysis nlay be perforn1ed using two planar nl0dels, one for each n1ai11 
horizontal direction of the building. 

4.4.4.2 Lateral loads 

(1) At least two vertical distributions of lateral loads should be applied: 
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a "n10dar' pattern, proportional to lateral forces consistent with the lateral force 
distribution detern11ned in elastic analysis 

(2) Lateral loads should be applied at the location of the masses In the 1110del. 
Accidental eccentricity should be taken into account. 

4.4.4.3 Capacity curve 

(1) The relation between base-shear force and the control displacement (the 
"capacity curve") should be detennined in accordance with 1998-1: 2004, 
4.3.3.4.2.3(1), (2). 

4.4.4.4 Target displacement 

(l)P Target displacelnent is defined as in 1998-] : 2004, 4.3.3.4.2.6(1). 

NOTE Target displacement may be determined in accordance with EN 1998-1: 2004, 
Informative Annex B. 

4.4.4.5 Procedure for estimation of torsional and higher mode effects 

(1)P The procedure given in EN 1998-1: 2004, 4.3.3.4.2.7(1) to (3) applies for the 
estimation of torsional effects. 

(2) In buildings that do not meet the criteria in EN1998-1: 2004, 4.3.3.2.1 (2)a, the 
contributions to the response fron1 n10des of vibration higher than fundamental one 
in each principal direction should be taken into account. 

NOTE The requirement in (2) may be satisfied either by performing a non-linear time-history 
analysis in accordance with 4.4.5, or through versions of the non-linear static analysis 
procedure that can capture the effects modes on global measures of the response (such 
as interslorey drifts) to be translated then to estimates of 10caJ deformation demands (such as 
member rotations). The National Annex may contain reference to complementary, non
contradictory information for sllch procedures. 

4.4.5 Non-linear time-history analysis 

(1)P The procedure given in EN 1998-1: 2004, 4.3.3.4.3(1) to (3) applies. 

4.4.6 q-factor approach 

(l)P In the q-factor approach, the method shall be applied as described in EN 1998-1: 
2004, 4.3.3.2 or 4.3.3.3, as appropriate. 

4.4.7 Combination of the components of the seismic action 

(l)P two horizontal c0111ponents of the seismic action shall be c0111bined 111 

accordance with EN 1998-1: 2004, 4.3.3.5.1. 

(2)P The vertical con1ponent of the seismic action shall be taken into account In the 
cases specified in EN 1998-1: 2004, 4.3.3.5.2 and, when appropriate, con1bined with the 
horizontal cOlnponents as indicated in the san1e clause. 
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4.4.8 Additional measures for masonry infilled structures 

(1) The provisions of EN 1998-1: 2004, 4.3.6 apply, wherever relevant. 

4.4.9 Combination coefficients for variable actions 

(l) The provisions of EN 1998-\: 2004, 4.2.4 apply 

4.4.10 Inlportance classes and importance factors 

(1) The provisions oLEN 1998-1: 2004,4.2.5 apply. 

4.5 Safety verifications 

4.5.1 Linear methods of analysis (lateral force or nlodal response spectrum 
analysis) 

(l)P "'Brittle" components/mechanisnls shall be verified \vith denlands calculated by 
lneans of equilibriUln conditions, on the basis of the action effects delivered to the 
brittle component/nlechanism by the ductile conlponents. In this calculation, each 
action effect in a ductile cOlnponent delivered to the brittle con1ponent/n1echanism 
under consideration shall be taken equal to: 

(a) the valueD obtained frOIU the analysis, if the capacity C of the ductile 
con1ponent, evaluated using mean values ofn1aterial properties, satisfies p = DIC ~ 1, 

(b) the capacity of the ductile cOluponent, evaluated using nlean values of material 
properties l1lultiplied by the confidence factors, as defined in 3.5, accounting for the 
level of knowledge attained, if pD/C > 1, withD and C as defined in (a) above. 

(2) In (1)b above the capacities of the beanl sections around concrete bealu-co1umn 
joints should be cOluputed froin expression (5.8) in 1998-1: 2004 and those of the 
colunln sections around such joints fron1 expression (5.9), using in the right-hand-side 
of these expressions the value /Rd = 1 and nlean values of material properties 111ultiplied 
by the confidence factors, as defined in 3.5. 

(3) For the calculation of force dernands on the "brittle" shear luechanis11l of walls 
through (l)b above, expression (5.26) in EN 1998-1: 2004 nlay be applied with YRd 1 
and using asMRd the bending monlent capacity at the base, evaluated using mea11 
values of Inaterial properties ITIultiplied by the confidence factors, as defined in 3.5. 

(4) In (l)P to (3) above the bending n1011lent capacities Ci of vertical elen1ents Inay 
be based on the value of the axial force due to the vertical loads only. 

(5)P The value of the capacity of both ductile and brittle cOluponents and 
11lechanis11ls to be con1pared to deluand in safety verifications, shall be in accordance 
with 2.2.1 (5)P. 

NOTE Information for the evaluation of the capacity of components and mechanisms may be 
found in the relevant material related Informative Annexes Band C. 
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(l)P The denlands on both "ductile" and "brittle" conlponents shall be those obtained 
frOlTI the analysis perfomled in accordance with 4.4.4 or 4.4.5, using 111ean value 
properties of the materials. 

(2)P 4.5.1(5)P applies. 

NOTE Information for the evaluation of the capacity of components and mechanisms may be 
found in the relevant material related Informative Annexes A, Band C. 

4.5.3 q-factor approach 

(l)P The values of both denland and capacity of ductile and brittle melTlbers shall be 
in accordance with 2.2.1(4)P, 2.2.3(3)P. 

4.6 Summary of criteria for analysis and safety verifications 

(l)P Table 4.3 sunlnlarises: 

The values of the material properties to be adopted in evaluating both the denland 
and capacities of the elenlents for all types of analysis. 

- The criterja that shall be followed for the safety verificatjon of both ductile and 
brittle elements for all types of analysis. 
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Table 4.3: Values of material properties and criteria for analysis and safety 
verifications. 

Linear Model (LM) Nonlinear Model q-factor approach 
Den1and Capacity Den1and Capacity Delnand Capacity 

• 

Acceptability of Linear 
Model (for checking of Pi 
=- D/Cj values): I§) 

Fronl lIn tenTIS of 
In ternlS 
of 

analysis. Usestrength. 
defor-

111ean valuesU se nlean Ination. 
of properties values of Use nlean 

Ducti1 in model, properties. values of From 
e Verifications (if LM properties analysis. 

accepted): divided 
In ternlS of by CF. 
defonnation. 1@i1 
Use mean In tenns of 

Fronl 
values of strength. 

analysis. From 
Type of properties analysis. 

Use Inean 

elenlent or divided by U: 
values of 

Icp. ll1ean 
properties 

lnechanislTI values of 
(elm) Verifications (if LM properties 

divided by 
CF and by 

accepted): in model. 
partial 

If Pi In terms factor. 
fron1 of 
analysis. strength. In 
If Pi> 1: In terms of Use mean accordance 
fronl strength. !values of with the 

Brittle equilibriull1!USe Inean properties ~elevant 
with values of idivided Section of 
strength of properties ~yCF IEN1998-1: 
ductile e/nl.ldivided by CF and by 2004. 
Use nlean and by partial partial 
values of factor. factor 
properties 
lTIultiplied 
byCF. 
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5 DECISIONS FOR STRUCTURAL INTERVENTION 

5.1 Criteria for a structural intervention 

5.1.1 Introduction 

(1) On the basis of the conclusions of the asseSSlnent of the structure and/or the 
nature and extent of the dmnage, decisions should be taken for the intervention. 

NOTE As in the of ne\-v structures, optimal decisions are pursued, taking into account 
social aspects, such as the disruption of use or occupancy during the intervention. 

(2) Standard describes the technical aspects of the relevant criteria. 

5.1.2 Technical criteria 

(l)P The selection of the type, technique, extent and urgency of the intervention shall 
be based on the structural infon11ation collected during the asseSS111ent of the building. 

(2) The following aspects should be taken into account: 

a) All identified local gross errors should be appropriately relnedied; 

b) In case of highly irregular buildings (both in tern1S of stiffness and overstrength 
distributions), structural regularity should be improved as much as possible, both In 
elevation and in plan; 

c) The required characteristics of regularity and resistance can be achieved by ei ther 
1110dification of the strength and/or stiffness of an appropriate l1u111ber of existing 
components, or by the introduction of new structuralelements; 

d) Increase in the local ductility supply should be effected where required; 

e) The increase in strength after the intervention should not reduce the available global 
ductility; 

f) Speciflcally for nlasonry structures: non-ductile lintels should be replaced, 
inadequate connections between floor and wal1s should be ilnproved, out-of-plane 
horizontal thnlsts against walls should be eliminated. 

5.1.3 Type of intervention 

(1) An intervention may be selected from the following indicative types: 

a) Local or overall tnodification of danlaged or undamaged elen1ents (repair, 
strengthening or full replacelnent), considering the stiffness, and/or ductility of 
these elements; 

b) Addition of new structural elen1ents bracings or inft]] walls; steel, titl1ber or 
reinforced concrete belts in Inasonry construction; etc); 

c) Modification of the structural systenl (eliInination of SOlne structural joints; 
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widening of joints; elinlination of vulnerable elenlents; nlodification into 1110re regular 
and/or nlore ductile arrangenlents) I; 

d) Addition of a new structural systenl to sustain some or all of the entire seismic 
action; 

e) Possible transfornlation of existing non-structural elenlents into structural elements; 

f) Introduction of passive protection devices through either dissipative bracing or base 
isolation; 

g) Mass reduction; 

h) Restriction or change of use of the building; 

i) Partial demolition; 

(2) One or Inore types in cOlnbination may be selected. In all cases, the effect of 
structural nlodifications on the foundation should be taken into account. 

(3)P If base isolation is adopted, the provisions contained in EN 1998-1: 2004, 10 
sha11 be followed. 

5.1.4 Non-structural elements 

1 (P) Decisions regarding repair or strengthening of non-st1llctural elements shall also 
be taken whenever, in addition to functional requirenlents, the SeiS111ic behaviour of 
these elenlents may endanger the life of inhabitants or affect the value of goods stored 
in the building. 

(2) In such cases, full or partial collapse of these elements should be avoided by 
nleans of: 

a) Appropriate connections to structural elements (see EN 1998-1: 2004, 4.3.5); 

b) Increasing the resistance of non-structural elelnents (see EN 1998-1: 2004, 4.3.5); 

c) Taking measures of anchorage to prevent possible falling out of parts of these 
elelnents. 

(3) The possible consequences of these provisions on the behaviour of structural 
elenlents should be taken into account. 

5.1.5 Justification of the selected intervention type 

(l)P In al1 cases, the documents relating to retrofit design shall include the 
justification of the type of intervention selected and the description of its expected 
effect on the structural response. 

I This is for instance the case when vulnerable low shear-ratio columns or entire soft arc transformed into more ductile 
arrangements; similarly, when overstrength irregularities in elevation, or in-plan """<'111'-;1";1;,,<: are reduced by modifying the 
structural system. 
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6 DESIGN OF STRUCTURAL INTERVENTION 

6.1 Retrotit design procedure 

(I)P The retrofit design procedure shall include the following steps: 

a) Conceptual design, 

b) Analysis, 

c) Verifications. 

(2)P The conceptual design shall cover the following: 

(i) Selection of techniques and/or materials, as well as of the type and configuration of 
the intervention. 

(ii) Prelinlinary estinlation of dilTIensions of additional structural parts. 

(iii) PrehlTIinary estilTIation of the lTIodified stiffness of the retrofitted elenlents. 

(3)P The methods of analysis of the structure specified in 4.4 shall be used, taking 
into account the modified characteristics of the building. 

(4)P Safety verifications shall be can-ied out in general in accordance with 4.5, for 
both existing, modified and new structural elements. For existing materials, nlean 
values from in-situ tests and any additional sources of information shall be used in the 
safety verification, nlodified by the confidence factor CF, as specified in 3.5. However, 
for new or added nlaterials nonlinal properties shaH be used, without modification by 
the confidence factor CF. 

NOTE Information on the capacities of and new structural elements may be fOLlnd in 
the relevant material-related Informative Annex A, B or C. 

(5)P In case the structural systeITI, comprising both eXIstIng and new stIuctural 
elenlents, can be made to fulfill the requirements of EN 1998-1: 2004, the verifications 
may be canied out in accordance with the provisions therein. 
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ANNEX A (Informative) 

REINFORCED CONCRETE STRUCTURES 

A.l Scope 

(1) This Annex contains specific information for the assessment of reinforced 
concrete buildings in their present state, and for their upgrading, when necessary. 

A.2 Identification of geometry, details and materials 

A.2.1 General 

(1) The fol1owing aspects should be carefully exanlined: 

i. Physical condition of reinforced concrete elements and presence of any degradation, 
due to carbonation, steel corrosion, etc. 

ii. Continuity of load paths between lateral resisting elelTIents. 

A.2.2 Geometry 

(1) The collected data should include the following itenls: 

1. Identification of the lateral resisting systelTIS in both directions. 

11. Orientation of one-way floor slabs. 

111. Depth and width of beaITIS, COlUITInS and walls. 

IV. Width of flanges in T -bealTIs. 

V. Possible eccentricities between beams and colull1ns axes at joints. 

A.2.3 Details 

(1) The collected data should include the following iteiTIs: 

1. Amount of longitudinal steel in beanls, colunlns and walls. 

11. Anlount and detailing of confining steel in critical regions and in beanl-column 
joints. 

111. AInount of steel reinforcement in floor slabs contributing to the negative resisting 
bending lTI01nent of T -bemus. 

IV. Seating lengths and support conditions of horizontal elenlents. 
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v. Depth of concrete cover. 

VI. Lap-splices for longltudinal reinforcel11ent. 

A.2.4 Materials 

(l) The collected data should include the following iten1s: 

1. Concrete strength. 

Steel yield strength, ultilnate strength and ultimate strain. 

A.3 Capacity models for assessment 

A.3. t Introduction 

(I) The provisions given in this clause apply to both prin1ary and secondary seismic 
elenlents. 

(2) Classification of con1ponents/n1echanislTIs: 

1. "ductile": beaITI, colun1ns and walls under flexure with and without axial force, 

11. "brittle": shear n1echanism of beams, colun1ns, walls and joints. 

A.3.2 Beam, columns and walls under flexure with and without axial force 

A.3.2.1 Introduction 

(l) The deforInation capacity of bea111s, colU111ns and walls, to be verified in 
accordance with 2.2.2(2)P, 2.2.3(2)P, 2.2.4(2)P, is defined in tefnlS of the chord 
rotation (), i. e., of the angle between the tangent to the axis at the yielding end and the 
chord connecting that end with the end of the shear span (Lv M/V = n10n1ent/shear at 
the end section), , the point of contraflexure. The chord rotation is also equal to the 
element drift ratio, i. e., the deflection at the end of the shear span with respect to the 
tangent to the axis at the yielding end, divided by the shear span. 

A.3.2.2 Limit State of near collapse (NC) 

(l) The value of the total chord rotation capacity (elastic plus inelastic part) at 
ultinlate, eu , of concrete melnbers under cyclic loading may be calculated fr0111 the 
following expression: 

=_1 0,016. (0,3 f,)[max(o,o 1; oj) ,rclO.225 r mil 9; Lv J' JO.35 2jap
" II:" 1 (l,2 SllfO Po ) 

reI 111ax(O,O 1; OJ) \ 1\ h 
(A,1) @il 

where: 

rei is equal to 1,5 for prin1ary seislnic elenlents and to 1,0 for secondary seis111ic 
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elements (as defined in 2.2.1(6)P), 

h is the depth of cross-section, 

Lv = IV/IV is the ratio 1110n1ent/shear at the end section, 

v N / b11f~ (b width of cOlupression zone, N axial force positlve for 
compression), 

(j), (0' is the luechanical reinforcen1ent ratio of the tension (including the web 
reinforce111ent) and conlpression, respectively, longitudinal reinforcen1ent, 

f~ and.hw are the concrete cOlnpressive strength (MPa) and the stirrup yield 
strength (MPa), respectively, directly obtained as Inean values fron1 in-situ tests, 
and froln the additional sources of 1nfo1'111ation, appropriately divided by the 
confidence factors, as defined in 3.5(1)P and Table 3.1, accounting for the level 
of knowledge attained, 

psx ratio of transverse steel parallel to the direction x of loading (,')'/7 

stirrup spacing), 

Pd is the steel ratio of diagonal reinforcement (if any), in each diagonal direction, 

a is the confinelnent effectiveness factor, that n1ay be taken equal to: 

(A.2) 

where: 

bo and is the dimension of confined core to the centreline of the hoop, 

bi is the centerline spacing of longitudinal bars (indexed by i) laterally restrained 
by a stinup conler or a cross-tie along the perin1eter of the cross-section. 

In walls the value given by expression (A.1) is luultiplied by 0,58. @l] 

If cold-worked brittle is used the total chord rotation capacity above is divided by 
1,6. 

(2) The value of the plas6c part of the chord rotation capacity of concrete n1en1bers 
under cyclic loading n1ay be calculated fronl the following expression: 

IEJ) f)pl f) - f) =_1 0,0145. (0 25V)[maX(O,o~aJ)J°,3 
LIm urn V ' , (0 ° 1 ;'\ - Yel max , ~ OJ) 

(A.3) @l] 

where the chord rotation at yielding, By, should be calculated in accordance with 
A.3.2.4, reI is equal to 1,8 for primary seisluic elements and to 1,0 for secondary seismic 
ones and all other variables are defined as for expression (A.1), . 

In walls the value given by expression (A.3) is ll1ultiplied by 0,6. 
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If cold-worked brittle steel is used, the plastic part of the chord rotation capacity is 
divided by 2. 

(3) In n1embers without detailing for earthquake resistance the values given by 
expressions ~ (A.l) and (A.3) are divided by 1.2 @j] . 

(4) (1) and (2) apply to 111enlbers with defornled (high bond) longitudinal bars 
without lapping in the vicinity of the end region where yielding is expected. If 
deformed longitudinal bars have straight ends lapped starting at the end section of the 
Inen1ber - as is often the case in colunlns and walls with lap-splicing starting at floor 
level - expressions (A. 1 ) and (A.3) should be applied with the value of the conlpression 
reinforcenlent ratio, 0/ doubled over the value applyjng outside the lap splice. 
Moreover, if the lap length 10 is less than the plastic part of the chord rotation 
capacity given in (2) should be n1ultiplied by Ijlou.min, while the value of the chord 
rotation at yielding, added to it to obtain the total chord rotation capacity, should 
account for the effect of the lapping in accordance with A.3.2.4(3). The value of lou,min is 

1,05+ 14,5 a'Psxlvw(fc)~fcJ, 

where: 

dbL is the dian1eter of the lapped bars 

is the mean value of the yield strength of the lapped bars (NIPa) fr0111 in-situ 
tests and fron1 the additional sources of info1'n1atlon, n1ultiplied by the corresponding 
confidence factor, as defined in 3.5 and Table 3.1, accounting for the level of 
knowledge attained (see 3.5(2)P). 

f~,f~\v and psx as defined in (1), and 

nrcstr: number of lapped longitudinal bars laterally restrained by a stirrup 
corner or a cross-tie, and 

11'01 : total l1unlber of lapped longitudinal bars along the cross-section 
perinleter. 

(5) In 111enlbers with SI1100th (plain) longitudinal bars without lapping in the vicinity 
of the end region where yielding is expected, the total chord rotation capacity may be 
taken equal to the value calculated in accordance with (1) ~ 1111lltiplied by 0,8, while 
the plastic part of the chord rotation capacity 111ay be taken to be equal to that calculated 
in accordance with (2) multiplied by 0,75 (with these factors including the reduction 
factor l,2 of (3) accounting for the lack @j] of detailing for earthquake resistance). If the 
longitudinal bars are lapped starting at the end section of the n1en1ber and their ends are 
provided with standard hooks and a lap length 10 of at least 15dbL, the chord rotation 
capacity of the n1en1ber may be ca1culated as follows: 

In expressions (A.!), (A.3) the shear span (ratio Jv!IV - tnoment/shear - at end 
section) is reduced by the lap length 10' as the ulti111ate condition is controlled by the 
region right after the end of the lap. 

- The total chord rotation capacity nlay be taken equal to the value calculated in 
~ accordance with (1) and (3) l11ultiplied by 0,019 (1 ° + n1in( 40, Ijdbd), while the @j] 
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plastic part of the chord rotation capacity Inay be taken equal to that calculated in 
~ accordance with (2) and (3) multiplied by 0,019 mine 40, lo/dbd. 

(6) For the evaluation of the ultinlate chord rotation capacity an alternative 
expression tnay be used: 

Bum = 
1 

(AA) 
reI 

\vhere 

By is the chord rotation at yield as defined by expressions (A. 1 0) or (A. I I ), 

¢u is the ultitnate curvature at the end section, 

rA is the yield curvature at the end section. 

The value of the length of the plastic hinge depends on how the enhancenlent of 
strength and deformation capacity of concrete due to confinelnent is taken into account 
in the calculation of the ultimate curvature of the end sectlon, rPu. 

(7) If the ultimate curvature of the end section ¢u, under cyclic loading is calculated 
with: 

(a) the ultimate strain of the longitudinal reinforcenlent, GSlh taken equal to: 

- the nlininlU111 values given in EN 1992-1-1, Table C.I for the characteristic strain at 
nlaximUln force, Guk, for steel Classes A or B, 

- 60/0 for steel Class C, and 

(b) the confinenlent nlodeJ in EN 1992-1-1: 2004, 3.1.9, with effective lateral contlning 
stress 0"2 taken equal to apsx/~w, wbere psx,j~w and a have been defined in (1), 

then, for nlembers with detailing for earthquake resistance and \vithout lapping of 
longitudinal bars in the vicinity of the section where yielding is expected, Lpl may 
calculated froIn the following expression: 

Lpl O,lLv + 0,17 h + 0,24 ---;.===::- (A.S) 

where h is the depth of the nlenlber and dbL is the (luean) dianleter of the tension 
reinforceluent. 

(8) If the ultinlate curvature of the end section, ¢u, under cyclic loading is calculated 
with: 

(a) the ultimate strain of the longitudinal reinforcenlent, Gsu, taken as in (7)a, and 

(b) a confinenlent nl0del which represents better than the nl0del in EN 1992-1-1: 
2004, 3.1.9 the ilnprovement of <Al with confinenlent under cyclic 10ading; 
nanlely a 1110del where: 
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the strength of confined concrete is evaluated fr01n: 

J 
(A.6) 

the strain at which the strength fcc takes place is taken to increase over the value £c2 

of unconfined concrete as: 

(A.7) 

and the ultinlate strain of the extreme fibre of the cOlnpression zone is taken as: 

8
ClI 

= 0,004 + 
(A.8) 

where: 

a, f~w and psx are as defined in (1) and (7) and is the concrete strength, as 
enhanced by confinement, 

then, for members with detai1ing for earthquake resistance and no lapping of 
longitudinal bars near the section where yielding is expected, Lpl may be calculated 
fronl the following expression: 

d f', (MPa) 
L = + 0,2h + O,ll----;bl='. '=J===-

pi 30 ~.r. (MPa) 
(A.9) 

(9) If the confinenlent model in EN 1992-1-1: 2004 3.1.9 is adopted in the 
calculation of the ultilnate curvature of the end section, ~h and the value of fronl 
expression (A.S) is used in expression (AA), then the factor therein nlay be taken 
equal to 2 for prill1ary seisnlic and to 1,0 for secondary seislnic elements. If the 
cOnfine111ent nlodel given by expressions (A.6) to (A.8) is used instead, together with 
expression (A.9), then the value of the factor rei nlay be taken equal to 1,7 for prinlary 
SeiS111ic elelnents and to 1,0 for secondary seisnlic ones. 

NOTE The values of the total chord rotation capacity calculated in accordance with (1) and (2) above 
(taking into account (3) to (5») are normally very similar. Expression (A.l) is more convenient when 
calculations and demands are based on total chord rotations, whilst expression (A.3) is better suited 
for those cases when calculations and demands are based on the plastic of chord rotations; 
moreover, (4) gives the chord rotation capacity of members with deformed longitudinal bars and 
straight ends lapped starting at the end section only in tenns of expression (A.3). Expression (A.4) 
with yields fairly similar results when used with either (7) or (8), but differences with the 
predictions of (1) or (2) are . The scatter of test results with respect to those of expression (A.4) 
for used with (8) is less than when it is used with (7). This is reflected in the different values of 
r",] specified in (I), (2) and (9), for primary seismic elements, as rei is meant to convert mean values to 
mean-minus-one-standard-deviation ones. Finally, the effects of lack of detailing for earthquake 
resistance and of lap splicing in the plasti hinge zone are specified in (3) to (5) only in connection 
with expressions (A.I) and (A.3). 

(l0) Existing walls confornling to the definition of "large lightly reinforced wal1s" of 
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EN 1998-1: 2004, can be verified in accordance with EN 1992-1-1: 2004. 

A.3.2.3 Limit State of Significant Damage (SD) 

(1) The chord rotation capacity conesponding to significant damage eSD 111ay be 
assunled to be 3/4 of the ultilnate chord rotation au given in A.3.2.2. 

A.3.2.4 Limit State of Damage Limitation (DL) 

(1) The capacity for this li111it state used in the verifications is the yielding bending 
moment under the design value of the axial10ad. 

(2) In case the verification is canied out in tenllS of defortl1ations the corresponding 
capacity is given by the chord rotation at yielding ay, evaluated as: 

For beams and columns: 

~ ay =9)' ___ z +0,OOI4(1+1,5~J+ , 
3 Lv d-d 

For walls of rectangular, or barbelled section: 

~ ay - 9)' ---
3 

or from the alternative (and equivalent) expressions for bem11s and colUlnns: 

~a y 9
1
: --3-

Z 
+ 0,0014(1 + 1,5 h + ¢1. db/;-@il 

. Lv . 8.vfc 

and for walls of rectangular, T - or barbelled section: 

~a.), =9,), ___ z +00013+9 dbL f r @1] 
3 ' )' 8[[ 

where: 

<A is the yield curvature of the end section, 

(A. 1 Oa) 

(A.Ila) 

(A.IOb) 

(A.llb) 

~ayz@1]is the tension shift of the bending nlonlent diagral11 (see EN 1992-1-1: 2004, 
9.2.1.3(2)), with 

Z length of internal lever ann, taken equal to d-d' in beanls, C01U1l1nS, or 
walls with barbelled or T -section, or to 0,811 in walls with rectangular 
section, and 

~ ay= 1 if shear cracking is expected to precede flexural yielding at the end 
section (i.e. when the yield mOlllent at the end section, A1y, exceeds the 
product of Lv tinles the shear resistance of the nlenlber considered 
without shear reinforceillent, VR,c, taken in accordance with 1992-1 
1: 2004, 6.2.2(1)); otherwise, (i.e. ifMy<Lv VR,c) ay=O, @1] 
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/~ and.t~ are the steel yield stress and the concrete strength~ respectively, as 
defined for expression (A.l), both in MPa, 

Ill' is equal to// Es, 

d and d' are the depths to the tension and COll1preSSlon reinforcen1ent, 
respectively, and 

dbL is the (lnean) dianlcter of the tension reinforcement. 

The first term in expressions CA. 1 0), (A.Il) accounts for the flexural contribution. The 
second tenn represents the contribution of shear deforn1ation and the third anchorage 
slip of bars. 

NOTE The two alternative sets of expressions: (A. lOa), (A.11a) on one hand and (A.l Ob), 
(A. 1] b) on the other are practically equiv·alent. Expressions: lOa), (A.! la) are more rational 
but expressions: (A.1 Ob), (A. 11 b) are more convenient and their llse may be overall more 
convenient, as the calculation of ¢y may be dit1icult and more prone to errors. 

(3) (1) and (2) apply to members with longitudinal bars without lapping in the 
vicinity of the end region where yielding is expected. If longitudinal bars are deforn1ed 
with straight ends lapped starting at the end section of the lnember (as in colUlnns and 
walls with lap-splicing starting at floor level), the yield monlentA1y and the yield 

curvature in expressions (A. 1 0), (A. II ) should be conlputed with a c0111pression 
reinforcement ratio doubled over the value applying outside the lap splice. If the 
straight Jap length 10 is less than loy.min=0,3dblf~L/~fc, where dbL is the diameter of the 
lapped bars, .f~L (in MPa) is the lnean value of the steel yield strength of Japped bars 
from in-situ tests and fron1 the additional sources of information, 1nultiplied by the 
confidence factor, as defined in 3.5 and Table 3.1, accounting for the level of 
knowledge attained (see 3.5(2)P) and (in MPa) is as defined for expression (A.l), 
then: 

- My and (A should be calculated with the yield stress,,!;:, nlultiplied by lolloy,min, 

the yield strain, Ily, in the last term of expressions (A. lOa), (A.11a) should be 
nlultiplied by lo/loy,min, 

- the second tenl1 in expressions (A. 1 0), (A. II ) should be ll1ultiplied by the ratio of 
the value of yield InOlnent 1\11y as nlodified to account for the lap splicing, to the 
yieldmOlnent outside the lap splice, 

- in order to deternline whether tenn avz contributes to the first tenn in expressions 

CA.IO), (A. I I ) with av= 1, the product Lv VR,c is con1pared to the yield mOlnent }dy 

as 1110dified for the effect of the lapping. 

(4) (I) and (2) 111ay be considered to apply also to Inembers with s11100th 
longitudinal bars, even when their ends, supplied with standard hooks, are lapped 
starting at the end section of the nlember (as in colunlns and walls with lap-splicing 
starting at floor level), provided that the lap length 10 is at least equal to 15dbL• 

(5) If the verification is carried out in ternlS of defonl1ations, defornlation den1ands 
should be obtained frOIn an analysis of a stluctural1nodel in which the stiffness of each 

elenlent is taken to be equal to the mean value of MyL y/3 By, at the two ends of the 
elenlent. In this calculation the shear span at the end section, Lv, n1ay be taken to be 
equal to half the ele1nent length. 
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(1) The cyclic shear resistance, VR, decreases with the plastic part of ductility 
demand, expressed in terms of ductility factor of the transverse deflection of the shear 
span or of the chord rotation at 111ember end: fitc,pl= f-ltc,-l. For this purpose f-l(j.pj may be 
calculated as the ratio the plastic part of the chord rotation, 8, normalized to the chord 
rotation at yielding, By, calculated in accordance with A.3.2.4(2) to (4). 

The following expression Inay be used for the shear strength, as controlled by the 
stirrups, accounting for the above reduction (with units:MN and meters): 

VR = _1_ - x min(N; O,SSAc.f~)+ (1- O,OS min(S; )). 
Yel 2Lv 

{0,16maX(0,5; 100PloI {1-O,16 h J)ff A, + V" JJ 
(A.12) 

where: 

ret is equal to 1,15 for prinlary seisnlic elenlents and 1,0 for secondary SelS1111C 
elements (as defined in 2.2.1(6)P), 

h is the depth of cross-section (equal to the dianleter D for circular sections), 

x is the cOlnpression zone depth, 

N is the compressive axial force (positive, taken as being zero tension ), 

Lv M/V is the ratio moment/shear at the end section, 

Ae is the cross-section area, taken as being equal to bwd for a cross-section with a 
rectangular web of width (thickness) bw and structural depth d, or to 
(where Dc = D-2c-2dbvi , is the dianleter of the concrete core to the inside of the 
hoops, with D and c as defined in b) below and dbw the dial11eter of the 
transverse reinforcement) for circular sections, 

is the concrete compressive strength, as defined for expression (A. 1 ); for 
primary seismic elelnents j~ should further be divided by the partial factor for 
concrete in accordance \vith EN 1998-1: 2004, 5.2.4, 

Plot is the total longitudinal reinforcement ratio, 

Vw is the contribution of transverse reinforcenlent to shear resistance, taken as 
being equal to: 

a) for cross-sections with rectangular web of width (thickness) bw : 

(A.13) 

where: 

P"v is the transverse reinforcelnent ratio, 
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.::.. is the length of the inten1al lever arm, as specified in A.3.2.4(2), and 

is the yield stress of the transverse reinforcen1ent as defined for expression 
(A. 1 ); for prin1ary seisnlic elenlents should further be divided by the partial 
factor for steel in accordance with EN 1998-1: 2004, 5.2.4; 

b) for circular cross-sections: 

where: 

D is the diaIneter of the section, 

Asw is the cross-sectional area of a circular stirrup, 

s is the centerline spacing of stirnlps, 

is as defined in (a) above, and 

c is the concrete cover. 

(A.14) 

(2) The shear strength of a concrete wall, VR, n1ay not be taken greater than the 
value corresponding to failure by web crushing, VR,max, which under cyclic loading may 
be calculated fron1 the following expression (with units: MN and meters): 

__ 0,85(1 0,06min(5; ~l~1 )V j 18 . (0 I 
I.. ,111111, 

i'el " 

( 

+ 0,25 max(L7 5; j OOp/tl!) \ I - (A. 15) 

where reI 1,15 for primary seislnic elements and 1,0 for secondary seis111ic ones, j~ is 
in MPa, bw and z are in lneters and VR,m3x in MN, and all other variables are as defined 
in (1). 

The shear strength under cyclic loading as controlled by web crushing prior to flexural 
yielding is obtained frOln expression (A. IS) for .u~pl=O. 

(3) If in a concrete colulnn the shear span ratio, Lylh, at the end section with the 
ll1axin1um of the two end n10ments less or equal to 2,0, its shear strength, VR, should not 
be taken greater than the value corresponding to failure by web crushing along the 
diagonal of the colun1n after flexural yielding, VR,max, which under cyclic loading may 
be calculated from the expression (with units: MN and meters): 

where: 

(j is the angle between the diagonal and the axis of the colulnn (tan(j =hI2L y ), 

and all other variables are as defined in (3). 

(4) The nlinill1ull1 of the shear resistance calculated in accordance with EN 1992-1-
1: 2004 or by means of expressions (A.12)-(A.I6) should be used in the assessment. 

(5) Mean nlaterial properties fron1 in-situ tests and froln additional sources of 
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inforn1ation, should be used in the calculations. 

(6) For primary seismic eleillents, mean n1aterial strengths in addition to being 
divided by the appropriate confidence factors based on the Kno\vledge Level, they 
should be divided by. the partial factors for materials in accordance with 1998-1: 
2004, 5.2.4. 

A.3.3.2 Limit State of Significant Damage (SD) and of Damage Linlitation (DL) 

(1) The verification against the exceedance these two LS is not required, unless 
these two LS are the only ones to be checked. In that case A.3.3.1 applies. 

A.3.4 Beam-column joints 

A.3.4.1 LS of Near Collapse (NC) 

(1) The shear del11and on the joints is evaluated in accordance with 1998-1 : 
2004,5.5.2.3. 

(2) The shear capacity of the joints is evaluated in accordance with EN 1998-1: 
2004, 5.5.3.3. 

(3) A.3.3.1(5) and (6) apply to joints of primary seIsmIC elements with other 
elements, 

A.3.4.2 Limit State of Significant Damage (SD) and of Damage Limitation (DL) 

(1) The verification against the exceedance of these two LS is not required, unless 
these two LS are the only ones to be checked. In that case, A.3.4.1 applies. 

A.4 Capacity models for strengthening 

A.4.1 General 

(1) The rules for member strength and defonnation capacities given in the following 
clauses for strengthened l11embers refer to the capacities at the LS of NC in A.3.2.2 and 
A.3.3.1 prior to the application of the overall factor reI. The factors specified in 
A.3.2.2 and A.3.3.1 should be applied on the strength and deforn1ation capacities of the 
retrofitted member, as detern1ined in accordance with the following clauses. 

(2) The partial factors to be applied to the new steel and concrete used for the 
retrofitting are those of EN 1998-1: 2004, 5.2.4, and to new structural steel used for the 
retrofitting are those ofEN1998-1: 2004, 6.1.3(1)P. 

A.4.2 Concrete jacketing 

A.4.2.1 Introduction 

(1) Concrete jackets are applied to colunu1s and walls for all or son1e of the 
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following purposes: 

increasing the bearing capacity, 

increasing the flexural and/or shear strength, 

- increasing the deformation capacity, 

inlproving the strength of deficient lap-splices. 

(2) The thickness of the jackets should allow for p]acelnent of both longitudinal and 
transverse reinforcenlent with an adequate cover. 

(3) When jackets aim at increasing flexural strength, longitudinal bars should be 
continued to the adjacent storey through holes piercing the slab, while horizontal ties 
should be placed in the joint region through horizontal holes drilled in the beams. 
Inay be Olnitted in the case of fully confined interior joints. 

(4) \Vhen only shear strength and defornlation capacity increases are of concern, 
jointly with a possible improvenlent of lap-splicing, then jackets should be tenllinated 
(both concreting and reinforcement) leaving a gap with a slab of the order of 10 Innl. 

A.4.2.2 Enhancement of strength, stiffness and deformation capacity 

(1) For the purpose of evaluating strength and defofnlation capacities of jacketed 
elenlents, the following approxinlate sinlplifying aSSulllptions nlay be made: 

- the jacketed elenlent behaves Inonolithically, with full composite action between 
old and new concrete, 

the fact that axial load is originally applied to the old colUlnn alone is disregarded, 
and the full axial load is assumed to act on the jacketed elelnent, 

- the concrete properties of the jacket are assumed to apply over the full section of the 
elenlent. 

(2) The following relations may be assumed to hold between the values of V[{, Niy, 

ey, and eu, calculated under the assmnptions above and the values VR * ,A1y *, ey*, and 
~I* to be adopted in the capacity verlfications: 

- For VR* : 

(A. I?) 

For M.y*: 

(A.18) 

IRi) Text deleted 

= 1,05 (A.l9a) 
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(A.20) 

(3) The values of ~l*' By *, A1y* of the jacketed nlell1ber, to be used in conlparisolls 
to demands in safety verifications, should be cOinputed on the basis of: (a) the n1eall 
value strength of the existing steel as directly obtained fronl in-situ tests and from 
additional sources of inforn1ation, appropriately divided by the confidence factor in 3.5, 
accounting for the level of knovvledge attained; and (b) the non1inal strength of the 
added concrete and reinforcetnent. 

(4) The value of Vj<* of the jacketed member, to be conlpared to the demand in 
safety verifications, should be cOlnputed on the basis of: (a) the Jl1ean value strength of 
the existing steel as directly obtained fr0111 in-situ tests and fro111 the additional sources 
of infornlation, divided by the appropriate confidence factor in 3.5, accounting for the 
level of knowledge attained; and (b) the n0111ina] strength of the added concrete and 
reinforcement. In prinlary SeiS111ic elements the nlean value strength of the existing steel 
and the nominal strength of the added materials should be divided by the partial factors 
for steel and concrete in accordance with EN 1998-1: 2004, 5.2.4. 

(5) The value of My * of jacketed nlen1bers that deliver action effects to brittle 
con1ponents/nlechanis111s, for use in 4.5.1(1)P(b), should be COl1lputed on the basis of: 
(a) the 11lean value strength of the existing steel as directly obtained fron1 in-situ tests, 
and froll1 additional sources of illfo1111atioll, appropriately nlu1tiplied by the confidence 
factor in 3.5, accounting for the level of knowledge attained; and (b) the 110111inal 
strength of the added concrete and reinforcement(see 3.5(2)P). 

A.4.3 Steel jacketing 

A.4.3.1 Introduction 

(1) Steel jackets are Inainly applied to colulnns for the purpose of: increasing shear 
strength and improving the strength of deficient lap-splices. They n1ay also be 
considered to increase ductility through confinement. 

(2) Steel jackets around rectangular colulnns are usual1y built up of four corner 
angles to which either continuous steel plates, or thicker discrete horizontal steel straps, 
are welded. C0111er angles nlay be epoxy-bonded to the concrete, or just made to adhere 
to it without gaps along the entire height. Straps n1ay be pre-heated just prior to 
welding, ill order to provide afterwards some positive confinel11ent on the COlUI1111. 

A.4.3.2 Shear strength 

(1) The contribution of the jacket to shear strength lTIay be assul11ed as addjtive to 
existing strength, provided the jacket renlains well within the elastic range. This 
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condition is necessary for the jacket to be able to control the width of internal cracks 
and to ensure the integrity of the concrete, thus allowing the original shear resisting 
mechanism to continue to operate. 

(2) If only 50?lo of the steel yield strength of the jacket is used, the expression for 
the additional shear V:i carried by the jacket 

~V= 
J 

. (cot B + cot fJ)· sin fJ (A.21) 

where: 

h is the depth of the cross-section, 

t is the thickness of the steel straps, J 

b is the width of the steel straps, 

s is the spacing of the steel straps (b/s 1, in case of continuous steel plates), 

e is the strut inc lination angle, 

fJ is the angle between the axis of the steel straps and the axis of the ll1eluber 90°, 
in case of continuous steel plates), and 

f~j,d is the design yield strength of the steel of the jacket, equal to its nOlTIinal 
strength divided by the partial factor for structural steel in accordance with 
EN 1998-1: 2004, 6.1.3(1)P. 

A.4.3.3 Clamping of lap-splices 

(1) Steel jackets can provide effective c1atnping in the regions of lap-splices, to 
improve cyclic deformation capacity. For this result to be obtained the following is 
necessary: 

- the length of the jacket exceeds by no than 50% the length of the splice region, 

- the jacket is pressured against the faces of the colUlnn by at least two rows of bolts 
on each side normal to the direction of loading, 

when splicing occurs at the base of the COlUll111, the rows of bolts should be located 
one at the top of the splice region and another at 113 of that region, starting froll1 the 
base. 

A.4.4FRP plating and wrapping 

A.4.4.1 Introduction 

(1) The nlain uses of externally bonded FRP (fibre-reinforced polynlers) in seismic 
retrofitting of existing reinforced concrete elenlents are as follows: 

Enhancenlent of the shear capacity of colunlns and walls, by applying externally 
bonded FRP with the fibers in the hoop direction, 

Enhancenlent of the available ductility at nlenlber ends, through added confinement 
in the forn1 of FRP jackets, with the fibres oriented along the perinleter, 

Prevention of lap splice failure, through increased lap confinenlent again with the 
fibers along the perinleter. 

(2) The effect of FRP plating and wrapping of n1en1bers on the flexural resistance of 
the end section and on the value of the chord rotation at yielding, By, nlay be neglected 
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({}y may be con1puted in accordance with A.3.2.4(2) to (4), with foy,mill taken equal to 
0,2dblf~L/~f~, in A.3.2.4( 4»). 

A.4.4.2 Shear strength 

(1) Shear capacity of brittle conlponents can be enhanced in beams, columns or 
shear walls through the application of FRP strips or sheets. These nlay be applied either 
by fully wrapping the or by bonding thenl to the sides and the soffit of the 
beam (U-shaped strip or or by bonding thenl to the sides only. 

(2) The total capacity, as controlled by the StilTUPS and the FRP, is evaluated 
as the sunl of one contribution fron1 the existing concrete nlenlber, evaluated 111 

accordance with EN 1998-1: 2004 and another contribution, from the FRP. 

(3) The total shear capacity nlay not be taken greater than the Il1axinlunl shear 
resistance of the concrete nlelnber, VR,max, as controlled by diagonal compression in the 
web. The value of VR.m3x nlay be calculated in accordance with EN1 992-1-1: 2004. For 
concrete walls and for colunlns with shear span ratio, Lv/h, less or equal to the value 
of VR.max is the 111inil11U111 of the value in accordance vvith EN 1992-1-1: 2004 and of the 
value calculated fron1 A.3.3.1(2) and A.3.3.1(3), respectively, under inelastic cyclic 
loading. 

(4) For nlelnbers with rectangular section, the FRP contribution to shear capacity 
may be evaluated as: 

- for full wrapping with FRP, or for U-shaped FRP strips or sheets, 

VRd,f = 0,9 d . ffdd.e ·2· t f . . (cot {} + cot jJ) . sin jJ (A.22) 

- for side bonded FRP strips or sheets as: 

VRd,f = 0,9 d . . 2 . t . sin jJ . W f 
f . {} SIn Sf 

(A.23) 

where: 

d is the effective depth, 

{} is the strut inclination angle, 

ff'dd,c is the design FRP debonding strength, which depends on 
strengthening configuration in accordance with (5) for fully wrapped FRP, or 
(6) for U-shaped FRP, or (7) for side bonded FRP, 

tf is the thickness of the FRP strip, sheet or fabri c (on single side), 

f3 is the angle bet\veen the (strong) fibre direction in the FRP strip, sheet or fabric 
and the axis of the Inen1ber, 

WI' is the width of the FRP strip or sheet, nleasured orthogonally to the (strong) 
direction of the fibres (for sheets: min(O,9d,h

ll
.)· sin(B+ {J)/sinB) and 

Sf is the spacing of FRP strips "VI' for sheets), n1easured orthogonally to the 
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(strong) fibre direction. 

(5) For fully wrapped (i.e., closed) or properly anchored (in the conJpression zone) 
jackets, the design FRP effective debonding strength l11ay be taken in expressions 
(A.22), (A.23) as: 

(A.24) 

where: 

z = 0,9d is the internal lever ann, 

2 
, and: 

f · 1 0,6 Ef f~tm kb 
. fdd =-

rfd If 
(units: N, 1111n) (A.25) 

1s the design debonding strength, with: 

/i'Ll the partial factor for FRP debonding, 

NOTE The value ascribed 10 hd for use in a country can be found in its National Annex. The 
recommended value is 

Er the FRP sheets/plates 1TIodulus, 

f~tm the concrete mean tensile strength, 

the covering coefficient, 

in which: 

are as defined in (4) and 

fru,w(R) is the ultimate strength of the FRP strip or sheet wrapped around the 
corner with a radius R, given by: 

(R) = f~ad \YJR' f~lI - ffdd) (A.26) 

,vhere the ten11 in (.) should be taken only if positive and where the coefficient 77R 

depends on the rounding radius R and the beam width byv as: 

R 
17R = 0,2 + 1,6-

b\v 

Lc is the effective bond length: 

with: 

Ef ·tf 

~4.rmax 
(units: N, mn1) 

T;nax = 1 ,~j~tn,l(b nlaxinlunl bond strength. 
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(6) For U-shaped (i.e., open) jackets, the design FRP effective debonding strength 
may be taken in expressions (A.22) and (A.23) as: 

[ 
Le sin 13] 

ffdd,e,U = ff'dd' l-k Z (A.29) 

where all variables are as defined in (5). 

(7) F or side-bonded sheets/strips, the design FRP effective debonding strength n1ay 
be taken in expressions (A.22), (A.23) as: 

ffdd,e,S = ffdd ' Zri~eq , [1- k Leq J2 
Zrid,eq 

where: 

Zrid,eq = Zrid + L eq , Zrid = Z - Le . sin 13, 

with: 

crdd = frdd/Er, and 

til = kb /3. 

(A.30) 

Uj . 13 
Leg =--'Sln 

cfdd 
(A.31 ) 

(8) For lnembers with circular section having dialneter D, the FRP contribution is 
evaluated as: 

(A.32) 

where: 

Ac is the colUlnn cross-section area, 

PI' is equal to 4 tf / D is the volun1etric ratio of the FRP, and 

Cf,cd = 0,004. 

(9) In n1en1bers with their plastic hinge region fully wrapped in an FRP jacket over 
a length at least equal to the melnber depth h, the cyclic shear resistance, VI{, n1ay be 
taken to decrease with the plastic part of the chord rotation ductility den1and at the 
men1ber end: P6.P1= JL6.-1, in accordance with expression (A.12), adding to Vw (i.e. to the 
contribution of transverse reinforcement to shear resistance) that of the FRP jacket. The 
contribution of the FRP jacket to Vw may be computed assun1ing that the FRP stress 
reaches the design value of the FRP ultimate strength;f~l,ja, at the extren1e tension fibres 
and reduces linearly to zero over the effective depth d: 

(A.33) 

where: 

pr equal to 2ff /bw is the geon1etric ratio of the FRP, 

z is the length of the inten1al1ever ann, taken equa1 to d, and 

f~lJd is the design value of the FRP ultilnate strength, equal to the FRP ultimate 
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strength'/l,fdivided by the partial factor )1(1 of the FRP, 

NOTE The valLIe ascribed to }lei for LIse in a country can be found in its National Annex. The 
recommended value is ,5. 

A.4.4.3 Confinement action 

(1) The enhancenlent of defornlation capacity is achieved through concrete 
confinelnent by means of FRP jackets. These are applied around the e]elnent to be 
strengthened in the potential plastic hinge region. 

(2) The necessary mnount of confinelnent pressure to be applied depends on the 
ratio Ix Jl(I),tari Jl(II,aVa, between the target curvature ductility JlQJar and the available 
curvature ductility and nlay be evaluated as: 

(A.34) 

where: 

.!c is the concrete strength, defined as for expression (A. 1 ), 

Bell is the concrete ultimate strain, and 

t'ill is the adopted FRP jacket 11ltinlate strain, which is lower than the ultilnate strain 
ofFRP, Bru. 

(3) For the case of circular cross-sections wrapped with continuous sheets (not in 
strips), the confinement pressure applied by the FRP sheet is equal to fi = 1I2prEr6ju, 
with Er being the FRP elastic modulus and PI' the geonletric ratio of the FRP jacket 
related to its thickness as: tf = PrD/4, where D is the dimneter of the jacket around the 
circular cross-section. 

(4) For the case of rectangular cross-sections in which the corners have been 
~ rounded to a radius R to allow wrapping the FRP around thenl (see Figure A.I), the confinement 

pressure applied by the FRP sheet is evaluated as: I'I ks.fi, with ks = 2RID and.!i = 2 
Er8ju tr ID, whereD is the larger section width. 

(5) For the case of wrapping applled through strips with spacing Sf, the confinement 
pressure applied by the FRP sheet is evaluated as: I'I kgfi, with (1- Sf 12D)2. 

(6) For lnelnbers of rectangular section with corners rounded as in Figure A.I, an 
alternative to (2) and (4) is to ca1culate the total chord rotation capacity or its plastic 
part through expressions (A.l) or (A.3), respectively, with the exponent of the ternl due 
to confinenlent (i.e. the power of 25 before the last term in expressions (A. 1 ) and (A.3)) 

increased by aP'/l',e, with: 

(a) P{=2t IJb w , the FRP ratio parallel to the loading direction~ 

(b) Ire, an effective stress given by the following expression: 
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(A.35) 

where ,fu,r and Er are the strength and Elastic nlodulus of the FRP and ell,!' a limit strain, 
equal to 0,015 for CFRP (carbon-fibre-reinforced polymer) or AFRP (aramid-fibre
reinforced polynler) and to 0,02 for GFRP (Glass-fibre-reinforced polYl11er); and 

( c) a, the confinement effecti veness factor gi ven by: 

a = 1- (b - 2R f + (h - 2R f 
3bh 

(A.36) 

where R is the radius of the rounded corner of the section and b, h the full cross
sectional din1ensions (see Figure A.l). 

(7) Paragraph (6) applies to members with continuous defonned (high bond) or 
Sl1100th (plain) longitudinal bars, with or without detailing for earthquake resistance, 
provided that the end region is wrapped with FRP up to a distance fro111 the end section 
which is enough to ensure that the yield 1110ment My in the unwrapped part will not be 
exceeded before the flexural overstrength YRdMy is reached at the end section. To 
account for the increase of the flexural strength of the end section due to confinement 
by the FRP, YRd should be at least equal to 1,3. 

Figure A.l. Effectively confined area in an FRP-wrapped section. 

A.4.4.4 Clamping of lap-splices 

(1) Slippage of lap-splices can be prevented by applying a lateral pressure OJ 

through FRP jackets. For circl/lar colulnns, having dianleterD, the necessary thickness 
may be estill1ated as: 

D( 0", - O"s.',v ) 
t f = . . ' 

2Ef ·0,001 
(A.37) 

where O"sw is the clamping stress due to the stirrups at a strain of 0,001 (O"sw=O,OO lpwEs), 
or the active pressure fron1 the grouting between the FRP and the COlU11111 , if provided, 
while 0"1 represents the cl3111ping stress over the lap-splice length Ls, as given by: 

(A.38) 
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where: 

As is the area of each spliced longitudinal bar, 

f~L is the yield strength of longitudinal steel reinforcement, taken equal to the mean 
value obtained frOln in-situ tests and frOln the additional sources of infOlll1ation, 
appropriately nluhiplied by the confidence factor, CF, given in Table 3.1 for the 
appropriate knowledge level (see 2.2.1(5)P), 

p is the perilneter line in the colunl11 cross-section along the inside of longitudinal 
steel, 

n is the nUlnber of spliced bars alongp, 

dbL is the (largest) dialneter of longitudinal steel bars, and 

c is the concrete cover thickness. 

(2) For rectangular colmnns, the expressions above Inay be used by replacing D by 
bw, the section width, and by reducing the effectiveness of FRP jacketing by means of 
the coefficient in A.4.4.3( 4). 

(3) For Inelnbers of rectangular section with longitudinal bars lapped over a length 
10 starting fronl the end section of the Inenlber, an alternative to (1) and (2) for the 
calculation of the effect of FRP wrapping over a length exceeding by no less than 250/0 
the length of the lapping, is to apply A.3.2.2( 4): 

a) taking into account in expression (A.3) confinenlent only due to transverse bars 
(exponent of the power of 25 before the last ternl), and 

b) calculating lou.min as: lou,min= dblhL/[(l,05+14,5aIJP[ll',cifc)~f~] on the basis of the 
~ FRP alone, with a],f=a(4111l0 l) and Pf, ./f,c, a, ntot as defined in A.4.4.3(6) for the FRP. 
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STEEL AND COMPOSrrE STRUCTURES 

B.I Scope 

This section contains infonnation for the aSSeSS111ent of steel and conlposite fi-amed 
buildings in their present state and for their retrofitting, when necessary_ 

Seismic retrofitting nlay be either local or globa1. 

B.2 Identification of geometry, details and materials 

B.2.1 General 

(1) The following aspects should be carefully exanlined: 

1. Current physical conditions of base nletal and connector lnaterials including the 
presence of disto11ions. 

11. Current physical condition of prilnary and secondary seisnlic elelnents including 
the presence of any degradation. 

B.2.2 Geometry 

(1) The collected data should include the following iteIns: 

1. Identification of the lateral-force resisting systems. 

11. Identification of horizontal diaphragnls. 

111. Original cross-sectional shape and physical dimensions. 

IV. Existing cross-sectional area, section luoduli, mOlnent of inertia, and torsional 
properties at critical sections. 

B.2.3 Details 

(1) collected data should include the following itenls: 

(i) Size and thickness of additional connected materials, including cover plates, 
bracing and stiffeners. 

(ii) Alnount of longitudinal and transverse reinforcenlent steel and of dowels 111 

composite beams, columns and ·walls. 

(iii) Amount and proper detailing of confining steel in critical regions. 
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(iv) As built configuration and properties of intern1ediate, splice and end connections. 

B.2.4 lVlaterials 

(I) The collected data should include the following items: 

1. Concrete strength. 

11. Steel yield strength, strain hardening, ultimate strength and elongation. 

(2) Areas of reduced stress, such as flange tips at beam-colurnn ends and external 
plate edges, should be selected for inspection as far as possible. 

(3) To evaluate material properties, salnples should be reilloved fron1 web plates of 
hot rolled profiles for con1ponents designed as dissipative. 

(4) Flange plate specimens should be used to characterise the nlaterial properties of 
non dissipative n1enlbers and/or joints. 

(5) Gamn1a radiography, ultrasonic testing through the architectural fabric or 
boroscopic review through drilled access holes are viable testing methods when 
accessibility is lin1ited or for composite conlponents. 

(6) Soundness of base and filler nlateria1s should be proved on the basis of 
chenlical and 111etal1urgica1 data. 

(7) Charpy V -Notch toughness tests should be used to prove that heat affected 
zones, if any, and surrounding tllaterial have adequate resistance for brittle fracture. 

(8) Destructive and/or non destructive tests (liquid penetrant, ll1agnetic particle, 
acoustic enlission) and ultrasonic or tOlllographic nlethods tllay be used. 

B.3 Requirements on geometry and materials of new or modified parts 

B.3.1 Geometry 

(1) Steel sections of new elen1ents should satisfy width-to-thickness slenderness 
linlitations based on class section classification as in EN 1998-1: 2004, Sections 6 and 
7. 

(2) The transverse links enhance the rotation capacities of existing or new bea111-
COlUl1111S even with slender flanges and webs. Such transverse bars should be welded 
between the flanges in conlpliance with EN 1998-1: 2004, 7.6.5. 

(3) The transverse links of (2) should be spaced as transverse stirrups used for 
encased lnenlbers. 

B.3.2~laterials 

B.3.2.1 Structural steel 

(1) Steel satisfying 1998-1: 2004, 6.2 should be used for new parts or for 
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(2) When the strength and stiffness of the structural conlponents are evaluated at 
each LS, the effects of c01l1posite action should be taken into account. 

(3) The through-thickness resistance in COlUnll1 flanges should be based upon the 
reduced strength as follows: 

!u =0,90·!y (8.1 ) 

(4) Element thickness should cOlnply with the requiren1ents of EN 1993-1 10: 2004, 
Table 2.1, depending on the Charpy V-Notch (CVN) energy and other relevant 
parameters. 

(5) Welding consu111ables should n1eet the requirenlents of EN 1993-1-8: 2004, 4.2. 

(6) In wide flange sections coupons should be cut fron1 intersection zones between 
flange and web. This is an area (k-area) of potentially reduced notch toughness because 
of the slow cooling process during fabrication. 

B.3.2.2 Reinforcing steel 

(1) New reinforcing steel in both dissipative and non dissipative zones of new or 
modified elements should be of class C in EN 1992-1-1: 2004. 

B.3.2.3 Concrete 

(l) New concrete of new or Inodified C0111pOnents should conform with EN 1998-1: 
2004, 7.2.1(1). 

BA System retrofitting 

BA.l General 

(1) Global retrofitting strategies should be able to increase the capacity of lateral
force resisting systelns and horizontal diaphragms andlor decrease the denland inlposed 
by SeiSll1ic actions. 

(2) The retrofitted structural systeln should satisfy the following requirenlents: 

1. Regularity of Inass, stiffness and strength distribution, to avoid detrinlentaJ 
torsional effects and/or soft-storey mechanisms. 

11. Masses and stiffness sufficient to avoid highly flexible structures, which ll1ay give 
rise to extensive non-structural damage and significant p-~ effects. 

Ill. Continuity and redundancy between ll1elnbers, so as to ensure a clear and unifornl 
load path and prevent brittle failures. 

(3) Global interventions should include one or more of the following strategies: 
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1. Stiffening and strengthening of the structure and its foundation system. 

11. Enhancement of ductility of the structure. 

1l1.Mass reduction. 

IV. Seisn1ic isolation. 

v. Supplen1ental damping. 

(4) For all structural systelTIS, stiffening, strengthening and enhancement of ductility 
nlay be achieved by using the strategies provided in Sections B.S and B.6. 

(5) Mass reduction nlay be achieved through one of the following 111easures: 

1. Replacenlent of heavy cladding systenls with lighter systenls. 

11. RelTIOval of unused equiplTIent and storage loads. 

111. Replacenlent of n1asonry partition wal1s with lighter systems. 

lV. Rell10val of one or l1lore storeys. 

(6) Base isolation should not be used for structures with fundanlental periods 
greater than 1,0 s. Such periods should be computed through eingenvalue analysis. 

(7) Base isolation should be designed in compliance with EN 1998-1: 2004 for new 
buildings. 

(8) Re-assessn1ent of the foundation system (after the retrofitting) should be 
perforn1ed in accordance with EN 1998-1: 2004, 4.4.2.6. If linear analysis is used, the 
values of 12 in 4.4.2.6(4) will normally be less than 1,0. 

B.4.2 Moment resisting frames 

( !) The enhancement of the conlposite action between steel beanls and concrete 
slabs through shear studs, encasement of beams and cohunns in RC should be used to 
increase the global stiffness at all limit states. 

(2) The length of the dissipative zones should be consistent with the hinge location 
given at the first row of Table B.6. 

(3) Mon1ent resisting frames 111ay be retrofitted through sen1i-rigid and/or partial 
strength joints, either steel or conlposite. 

(4) The fundanlental period of franles with senli-rigid connections ll1ay be 
computed as follows: 

T = 0,085· H(O,8S- 1;{80) if 5 < 111 < 18 (semi-rigid) (B.2) 

3/ 
T = O,085H /4 if n1 ~ ] 8 (rigid) (B.3) 
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where H is the franle height in lTIetres and the paranleter 111 is defined as fo]]ows: 

In (BA) 

where: 

K<p is the connection rotation stiffness, 

1 is the lTIOnlent of ineliia of the beanl, 

L is the beaITI span, 

E is Young's 1110dulus of the beanl. 

(S) In addition to the pattenl of horizontal forces given in EN 1998-1: 2004, 
4.3.3.2.3 and in 4.4.4.2(1) of this standard, the following pattern of forces (Fx,i) should 
be used in the (linear) lateral force analysis and in the nonlinear static (pushover) 
analysis to detect the onset of al1limit states: 

(B.S) 

where Fb is the seisnlic base shear and (5 is given by: 

1 
1,0 

6 = O,SO· T + 0,7S if ° ,SO < T < 2,50 s 

2,0 if T > 2,SOs 

if T:::; 0,50s 

(B.6) 

B.4.3 Braced frames 

(1) Frames with eccentric bracing and knee-braced franles should be preferred for 
the retrofitting to franles with concentric bracing. 

(2) Knee-braced franles are systelTIS in which the bracing are connected to a 
dissipative zone, instead of the beam-to-coIUlnn connection. 

(3) AIUlniniUlTI or stainless steel may be used for dissipative zones in concentric, 
eccentric or knee-braced frames, only if their use is validated by testing. 

(4) Steel, concrete and/or composite walls 11lay be used in the retrofitting to 
enhance ductile response and prevent bea111-column instability. Their design and that of 
their connection with steel ll1embers should comply with EN 1998-1: 2004. 

(S) Steel panels l11ay employ low-yield steel and should be shop-welded and field 
bolted. 

(6) Bracing nlay be introduced in lnonlent resisting franles to increase their lateral 
stiffness. 
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B.SMember assessment and retrofitting 

B.S.1 General requirements 

(1) Beams IE1) should develop their fu11 plastic nl0111ents without local buckling 
in the flange or in the web at the SD LS. Local buckling should be lilnited at the NC LS. 

(2) At the LS of DL and of SD, axial and flexural yielding or buckling should not 
occur in COlUlTIns. 

(3) Diagonal braces should sustain plastic deformations and dissipate energy 
through successive cycles of yielding and buckling. At the LS of DL buckling should 
be avoided. 

(4) Steel plates should be welded to flanges and/or webs to reduce the slenderness 
ratios. 

(5) The 1110nlent capacity Mpb,Rd of bemn at the location of the plastic 
should be computed as: 

Ai pb, Rd, b = Z e . (B.7) 

where: 

Zc is the effective plastic modulus of the section at the plastic hinge location, 
cOlnputed with reference to the actual nleasured size of the section, and 

/yb is the yield strength of the steel in the beanl; for existing steel, n1ay be taken 
equal to the l11ean value obtained fron1 in-situ tests and fr0111 the additional 
sources of inforn1atioll, appropriately n1ultiplied by the confidence factor, CF, 
given in Table 3.1 for the appropriate knowledge level (see 3.S(2)P); for new 
steel,j~b I11ay be taken equal to the nOl11i11a1 value nlultiplied by the overstrength 
factor rOY for the steel of the bean1, deten11ined in accordance with EN 1998-1: 
2004: 6.2(3), (4) and (5). 

(6) Tbem0111ent demandMct~Ed in the critical section at the colulnn face is evaluated 
as follows: 

Mer. M pI. Rd. b Vpl, Ret b • e 

where 

A1;Ji,Rd,b is the bemTI plastic nl0111ent at the beanl plastic hinge, 

Vp1,Rd,b is the shear at the beam plastic hinge, 

e is the distance between the beam plastic hinge and the column face. 

(B.8) 

(7) The 1110111ent delll and Mcc,Ed in the critical section at column centreline l11ay be 
calculated as follows: 

Medd = ,'11 pLRd. h VpLRd.h -( e + ~e J (B.9) 
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(1) The inelastic defonnation capacities of structurallnel11bers at the three LSs may 
be taken as given in the following paragraphs. 

(2) The inelastic deforn1ation capacities of bean1-to-coluI11n joints may be taken 
equal to those given in a Table B.6 (clause B.6.2.1), provided that connected n1embers 
fulfil the requirements given in the first five rows of Table B.6. 

(3) For bem11s and columns in flexure, the inelastic defonnation capacity should be 
expressed in terms of the plastic rotation at the end of the melnber, as a n1ultiple of the 
chord rotation at yielding, By, at the end in question. For beams and colun1ns with 
dilnensionless axial load v not greater than 0,30, the inelastic deformation capacities at 
the three LSs Inay be taken in accordance with Table B.l 

Table B.l: Plastic rotation capacity at the end of beams or columns with 
dinlensionless axial load v not oreater than 0 30 " ~. , 

Limit State 

Class of cross section DL SD NC 

1 1,0 By 6,0 By 8,0 By 

2 0,25 By 2,0 By 3,0 Bv 

(4) For braces in compression the inelastic deforn1ation capacity should be 
expressed in tern1S of the axial defonnation of the brace, as a 111ultiple of the axial 
deformation of the brace at buckling load, Lie. For braces in con1pression (except for 
braces of eccentric braced frmnes) the inelastic deforn1ation capacitjes at the three LSs 
may be taken in accordance with Table B.2: 

Table B.2: Axial deformation capacity of braces in compression (except braces of 
eccentric braced frames). 

Lin1it State 

Class of cross section DL SD NC 

1 0,25 Lie 4,0 Lie 6,0 Lie 

2 0,25 ,de 1,0 ,de 2,0,de 

(5) For braces in tension the inelastic defonnation capacity should be expressed in 
terms of the axial deforn1ation of the brace, as a multiple of the axial deforn1ation of the 
brace at tensile yielding load, ,dt. For braces in tension (except for braces of eccentric 
braced fran1es) with cross section class 1 or 2, the inelastic defonnation capacities at the 
three LSs may be taken in accordance with Table B.3: 
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Table B.3: Axial deformation capacity of braces in tension (except braces of 
eccentric braced frames). 

Lill1it State 

OL SD NC 

0,25 L1t 7,0 L11 9,0 41 

(6) For bealns or colUll1ns in tension the inelastic deformation capacity should be 
expressed in terms of the axial defonnation of the Inenlber, as a ll1ultiple of its axial 
deformation at tensile yielding load, L1 t • For beanls or columns in tension (except for 
those in eccentric braced fi .. anles) with cross section class 1 or 2, the inelastic 
defornlation capacities at the LSs 1l1ay be taken in accordance with Table B.4. 

Table B.4: Axial deformation capacity of beams or columns in tension (except 
beams or columns of eccentric braced frames) . 

• 

Limit State 
. 

OL SO NC 

0,25 L1t 3,0 L1t 5,0 L1t 

B.S.3 Beams 

B.S.3.1 Stability deficiencies 

(I) BeanlS with span-to-depth ratios between 15 and ] 8 should be preferred to 
enhance energy absorption. Therefore, internlediate supports should be used in the 
retrofitting to shorten long spans. 

(2) Lateral restraint should be provided to flanges with a stability deficiency. 
Lateral restraint of the top flange is not required, if the conlposite action with the slab is 
reliable. Otherwise, the C0111posite action should be enhanced by fulfilling the 
requirements in B.S.3.S. 

B.S.3.2 Resistance deficiencies 

(1) Steel plates should be added to flanges of beams to increase deficient flexural 
capacity. Addition of steel to the top flange is not required, if the composite action with 
the slab is reliable. Alternatively, structural steel beams with deficient flexural capacity 
should be encased in RC. 

(2) Longitudinal reinforcing bars that nlay be added to increase a deficient flexural 
capacity should be of class C in accordance with EN 1992-1 1: 2004, Table C.l. 

(3) Beanls retrofitted due to resistance deficiencies, should fulfil the requirements 
of EN 1998-1: 2004 for ductility class M. 

(4) Steel plates should be added to the beam web for H -section, or to the wall for 
hollow sections, to enhance a deficient shear capacity. 
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B.S.3.3 Repair of buckled and fractured flanges 

(I) Buckled and/or fractured flanges should be either strengthened or replaced with 
new plates. 

(2) Buckled bottom and/or top flanges should be repaired by adding full height web 
stiffeners on both sides of the beam webs in accordance with (3) as follows, and by heat 
straightening of the buckled flange, or its renloval and replacenlent with a similar plate 
in accordance with (4) and (5) as follows. 

(3) Web stiffeners should be located at the edge and centre of the buckled flange, 
respectively; the stiffener thickness should be equal to the beanl web. 

(4) New plates should be either welded in the saIne location as the original flange, 
(i.e., directly to the beatn web), or welded onto the existing flange. In both cases the 
added plates should be oriented with the rolling direction in the longitudinal direction. 

(5) Special shoring of the flange plates should be provided during cutting and 
replacelnent. 

(6) Instead of welding a thick plate onto the flange, the steel bean1 should be 
preferrably encased in RC. 

B.S.3.4 Weakening of beams 

(1) The ductility of beams may be improved by weakening of the beam flange 
at desired locations, to shift the dissipative zones avvay from the connections. 

(2) Reduced beam sections (RBSs) behave like a fuse that protects beam-to-colun1n 
connections against early fracture. The reduced beanl sections should be such that they 
can develop at each LS the nlininlum rotations specified in Table B.S. 

Table B.S. -Required rotation capacity of reduced beam sections, RBSs (in 
radians). 

DL 
I 

SD NC 

0,010 0,025 0,040 

(3) The rotations in Table B.5 may be considered to be achieved, if the design of 
RBS in the beam is carried out through the procedure outlined hereafter: 

i. COlnpute the distance of the beginning of the RBS from the COlU11111 
length over which the flange will be reduced, b, as follows: 

a 0,60bf 

where: 

bf is the flange width. 

0, and the 

(B.1 0) 

(B. 11 ) 
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db is the beanl depth. 

11. COl11pute the distance of the intended plastic hinge section at the centre of the RBS, 
s, fronl the colunln face as: 

b 
s=a+ 

2 
(B.12) 

Key: 

A Plastic hinge 

Figure B.1. - Geometry of flange reduction for reduced beam section (RBS). 

111. Detennine the depth of the flange cut (g) on each side; this depth should be not 
greater than O,25·b f . As a first trial it may be taken as: 

g = O,20bf (B.13) 

iv. Compute the plastic modulus (ZRBS) and the plas6c Inoment (Alp1 ,Rd,RBS) of the 
plastic hinge section at the centre of the RBS: 

(B.14) 

(B.15) 

where is the plastic modulus of the beam and/yb is as defined in B.5.1(5). 

v. Compute the shear force (Vpl, RBS) in the section of plastic hinge f01matlon from 
equilibrium of the beal11 part (L') between the two intended plastic hinges (Figure 
B.2). For a unifonn gravity load w acting on the beanl in the seismic design 
situation: 

= 2MpL~(LRBS + wL' 
L 2 

(B.16) 
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DifIerent distributions of the gravity loads along the beanl span should be properly 
accounted for in (the last ternl of) Expression (B.16). 

VI. COlnpute the beatn plastic monlent away fronl the RBS, MpLRd,b, as follows: 

M z· pl.Rd,b b (B.17) 

where Zb and/yb are as defined in step (iv) above. 

vii. Verify that iY4,I,Rd,b is greater than the bending nloment that develops at the column 
face when a plastic hinge forms at the centre of the RBS: Alcl~Ed A~,b,Rd,RI3S+ 

Vp1,RBs·e. If it is not, increase the cut-depth lEi> g and repeat steps (iv) to (vi). The 
length b should be chosen such that .LV"cCEd is about 85% to lOO% of }\1pl ,Rd,b. 

Key: 

w unifo1111 gravity load in the seisnlic design situation 

L' = Distance between the centres of RBS cuts 

L Distance between colUlnn centerlines 

Figure B.2. -Typical sub-frame assembly with reduced beam sections (RBS). 

viii. Check the width-to-thickness ratios at the RBS to prevent local buckling. The 
flange width should be measured at the ends of the central two-thirds of the 
reduced section of the beanl. 

IX. Compute the radius (r) of the cuts in both top and bottom flanges over the length b 
of the RBS of the beanl: 

2 
r 

8g 
(B.18) 

x. Check that the fabrication process ensures the adequate surface roughness (i.e. 
between 10 and 15 ~un) for the finished cuts and that grind nlarks are not present. 

B.5.3.5 Composite elements 

(1) The calculation of the capacity of conlposite beanls should take into account the 
degree of shear connection between the steeltnember and the slab. 
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(2) Shear connectors between steel bean1s and composite slabs should not be used 
within dissipative zones. They should be ren10ved fron1 existing con1posite bean1s. 

(3) Studs should be attached to flanges through arc-spot welds, but without full 
penetration of the flange. Shot or screwed attachlnents should be avoided. 

(4) The n1axinlun1 tensile strains due to the presence of con1posite slabs should be 
checked that they do not provoke flange tearing. 

(5) Encased beanls should be provided with stirrups. 

B.5.4 Columns 

8.5.4.1 Stability deficiencies 

(I) The width-to-thickness ratio n1ay be reduced by welding steel plates to the 
flange and/or the webs. 

(2) The width-to-thickness ratio of hollow sections 111ay be reduced by welding 
external steel plates. 

(3) Lateral restraint should be provided to both flanges, through stiffeners with 
strength not less than: 

(B.19) 

where: 

hI' is the flange width, 

tr is the flange thickness, and 

f~c is the yield strength of the steel in the column; for existing steel, f~c may be 
taken equal to the n1ean value obtained from in-situ tests and fron1 the additional 
sources of infonnation, Inultiplied by the confidence factor, CF, given in Table 
3.1 for the appropriate knowledge level (see 3.5(2)P); for new steel, f~c Inay be 

taken equal to the non1inal value n1ultipl ied by the overstrength factor YOY for the 
steel of the colun1n, detennined in accordance with EN 1998-1: 2004, 6.2(3), (4) 
and (5). 

B.5.4.2 Resistance deficiencies 

(l) To increase the flexural capacity of the section, steel plates may be welded to 
the flanges and/or webs for H-sections and to the walls for hollow sections. 

(2) Structural steel cohnnns may be encased in RC, to increase their flexural 
capacity. 

(3) Retrofitting should ensure that in all primary seismic columns the axial 
compression in the design seisn1ic situation is not greater than 1/3 of the design value of 
the plastic resistance to norn1al forces of the gross cross-section of the colulnn Npl,Rd = 

~ (A..J~~d + Ad;d + A~d) (see EN 1998-1 :2004, 7.6.4(2)) at the DL LS @il and 1/2 of N;J],Rd 
at the SD or NC LSs. 
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B.S.4.3 Repair of buckled and fractured flanges and of fractures of splices 

(1) Buckled and/or fractured flanges and fractured splices should be either 
strengthened or replaced with new plates. 

(2) Buckled and fractured flanges should be repaired either through removal of the 
buckled plate flange and replacement with a sirnilar plate, or through flanle 
straightening. 

(3) Splice fractures should be repaired by adding external plates on the column 
flanges via conlplete penetration groove welds. damaged part should be relnoved 
and replaced with sound lnaterial. The thickness of the added plates should be equaJ to 
that of the existing ones. The replacement nlaterial should be aligned so that the rolling 
direction matches that of the cohunn. 

(4) Slnall holes should be dril1ed at the edge of cracks In columns to prevent 
propagation. 

(5) Magnetic particle, or liquid dye penetrant tests should be used to ensure that 
there are no further defects and/or discontinuities up to a distance of 150n1111 fron1 a 
cracks. 

B.S.4.4 Requirements for column splices 

(1) New splices should be located in the ll1iddle third of the column clear height. 
They should be designed to develop a shear strength not less than the smaller of 
the expected shear strengths of the two connected n1enlbers and a design flexural 
strength not less than 500/0 of the snlaller of the expected flexural strengths of the two 
connected sections. Thus, welded colunl11 splices should the fol1owing 
expression at each flange: 

A
sp' 

• f yd Z 0,50 . ·A n (B.20) 

where: 

Aspl is the area of each flange of the splice, 

.hd is the design yield strength of the flange of the splice, 

An is the flange area of the slnaller of the two columns connected, and 

fye is the yield strength of the colulnn nlaterial, defined as in B.S.4.1(3). 

B.S.4.S Column panel zone 

(1) In the retrofitted colUll1n the panel zone at beam-column connections should 
rell1ain elastic at the DL LS. 

(2) thickness, t\V, of the cohllnn panel zone (including the doubler plate, if any, 
see (3») should satisfy the following expression, to prevent prenlature local buckling 
under large inelastic shear deformations: 
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where: 

t w S ---=---=-
90 

dz is the panel-zone depth between continuity plates, 

W z is the panel-zone width between colunl11 flanges. 

Plug welds should be used between the web and the added plate. 

(B.2l) 

(3) Steel plates parallel to the web and welded to the tip of flanges (doubler plates) 
may be used to stiffen and strengthen the column web. 

(4) Transverse stiffeners should be welded onto the colunln web, at the level of the 
beam flanges. 

(5) To ensure satisfactory performance at all limit states, continuity plates with 
thickness not less than that of beatn flanges should be placed symmetrically on both 
sides of the colunm web. 

B.S.4.6 Composite elements 

(1) Encaselnent in RC nlay be used to enhance the stiffness, strength and ductility 
of steel columns. 

(2) To achieve effective cOlnposite action, shear stresses should be transferred 
between the structural steel and reinforced concrete through shear connectors placed 
along the colunln. 

(3) To prevent shear bond failure, the ratio of the steel flange width to that of the 
composite colunln, brlB, should not be greater than the critical value of this ratio 
defined as follows: 

( hr J 
B. cr l [ NEd J 1 035· 017· 1+0073·-' . 

" 'Ag + 0,20' Pw 'fyw,d J (B.22) 

where: 

NEd is the axial force in the seisnlic design situation, 

is the gross area of the composite section, 

fed is the design value of compressive strength of the concrete, 

pw is the ratio of transverse reinforcement, 

/yw,d is the design value of the yield strength of transverse reinforcement, 

B is the width of the COlllposite section, 

hI' is the steel flange width. 
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B.S.S Bracings 

B.S.S. t Stability deficiencies 

(I) B.S.4.1 (1) applies for bracings consisting of ho11o\v sections. 

(2) 8.5.4.2(1) applies. 
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(3) Any encasement of steel bracings for retrofitting should comply with EN 1998-
1: 2004. 

(4) Lateral stiffness of diagonal braces l11ay be improved by increasing the stiffness 
of the end connections. 

(5) X bracings should be preferred for the retrofitting over V or inverted V 
bracings. K bracings l11ay not be used. 

(6) Closely spaced batten plates are effective in inlproving the post-buckling 
response of braces, particularly in double-angle or double-channel ones. If batten plates 
are already in place in the existing cO]U111ns, new plates 111ay be welded and/or existing 
batten connections should be strengthened. 

B.S.S.2 Resistance deficiencies 

(1) At the DL LS the axial conlpression in the design seisillic situation should be 
not greater than 80% of the design value of the plastic resistance to nonnal forces of the 
cross-section of the bracing: Np1,Rd. 

(2) Unless only the NC LS is verified, the capacity in compression of the braces of 
concentrically braced franles should be not less than 50% of the plastic resistance to 
normal forces of the cross-section, JVp1,Rd. 

B.S.S.3 Composite elements 

(1) Encasenlent of bracings in RC increases their stiffness, strength and 
ductility. For steel braces \vith H-section, partial or full encasenlent nlay be used. 

(2) Fully encased bracings should be provided with stiffeners and stirrups, and 
partially encased ones with straight links in accordance with EN 1998-1: 2004, 7.6.5. 
Stirrups should have unifolID spacing along the brace and should c0111ply with the 
requirel11ents specified for ductility class M in 1998-1: 2004, 7.6.4(3), (4). 

(3) Only the structural steel section should be taken into account in the calculation 
of the capacity of conlposite braces in tension. 

B.S.S.4 Unbonded bracings 

(1) Braces may be stiffened by being incorporated unbonded either in RC walls or 
in concrete-filled tubes. 

(2) The brace should be coated "vith debonding material, to reduce bond between 
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the steel component and the RC panel or the concrete infilling the tube. 

(3) Low yield strength steels is appropriate for the steel brace; steel-fibre reinforced 
concrete may be used as unbonding material. 

(4) Braces stiffened by being incorporated unbonded in RC walls should confonn 
with the following: 

I 30. a , / 

where: 

a is the initial imperfection of the steel brace, 

/ is the length of the steel brace, 

m B is the non-dinlensional strength parameter of the RC panel: y 

lvlB 
y 

n~ is the non-dinlensional stiffiless paral11eter of the RC panel: 

where: 

where: 

5 . Bs . t; . .f~1 
6 

Ee is the elastic nlodulus of concrete, 

Bs is the width of the steel brace in the form of a flat bar, 

te is the thickness of the RC panel, 

let is the tensile strength of concrete, 

(B.23) 

(B.24) 

(B.25) 

(B.26) 

(B.27) 

Np1,R is the plastic capacity of the steel brace in tension, COll1puted on the basis of the 
ll1ean value of steel yield stress obtained from in-situ tests and fron1 the 
additional sources of infornlation, divided by the confidence factor, CF, given in 
TabJe 3.1 for the appropriate knowledge level. 

(6) Edge reinforcen1ent of the RC panel should be adequately anchored to prevent 
failure by punching shear. 

(7) The infilled concrete tubes with debonding material should be adequate to 
prevent buckling of the steel brace. 
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B.6.1 General 
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(l) Connections of retrofitted nlembers should be checked taking into account the 
resistance of the retrofitted nlembers, which nlay be higher than that of the original 
ones (before retrofitting). 

(2) The retrofitting strategies provided l11ay be applied to steel or conlposite 
nloment and braced franles. 

B.6.2 Beam-to-column connections 

B.6.2.1 General 

(1) The retrofitting should aim at shifting the beam plastic hinge away from the 
COIUlllil face first row in Table B.6). 

(2) Beanl-to-colmnn connections may be retrofitted through either weld 
replacement, or a weakening strategy, or a strengthening strategy. 

(3) To ensure developnlent of plastic hinges in bealns, rather than in colurnns, the 
colunul-to-beam nloment ratio (CBMR) should satisfy the following condition: 

CBMR = LMRd,C ~ 1,30 
LMpI.R,b 

where: 

(a) for the steel COIUlllilS: 

where the summation extends over the column sections around the joint, and: 

(B.28) 

(B.29) 

is the plastic modulus of the column section, evaluated on the basis of actual 
geonletrical properties, if available, and taking into account haunches, if any, 

is the axial load of the column in the seismic design situation, 

Ac is the area of the column section, 

f;'d,c is the design yield strength of steel in the colunul, c0111puted on the basis of the 
mean value of steel yield stress obtained from in-situ tests and f1'0111 the 
additional sources of infonnation, divided by the confidence factor, CF, given in 
Table 3.1 for the appropriate knowledge level. 

(b) L Mpl,R,b is the stun of flexura1 strengths at plastic hinge locations in beanls 

fraIning into the joint in the horizontal direction considered, taking into account the 
eccentricity to the COIUlTIl1 centreline: 
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where: 

(B.30) 

Zb is the plastic modulus of the beanl section at the potential plastic hinge location, 
C0J11puted on the basis of the achlal geonletry, 

is the yield strength of in the bealTI, defined as in B.S. t (5), 

Mee,Ed is the additional nloment at the colunul centreline due to the eccentricity of the 
shear force at the plastic hinge in the beam. 

Table 8.6. - Requirements on retrofitted connections and resulting rotation 
capacities. 

Hinge location 
(frOln COIUlllil 

centreline) 
Beanl depth 

(n1111) 
Beanl span-t 

de th ratio 
Beanl flange 

thickness (mm) 
Column depth 

(mnl) 
Rotation at DL 

LS (rad) 
Rotation at SD 

LS (rad) 
Rotation at NC 

LS (rad) 

s WBHCs 

~1000 ~IOOO 

'27 

~25 

No restriction ~570 

0,013 0,018 

0,030 0,038 

0,050 0,054 

WTBH WCPFCs RBSCs 

(de/2) fep (dc/2)+(bI2)+a 

~1000 1000 ~1000 

'27 

~25 

::;;570 ::;;570 ::;;570 

0,018 0,018 0,020 

0,038 0,040 0,030 

0,052 0,060 0,045 

Keys: 

lWUFCs 
WBHCs 

WTBHCs 
WCPFCs 

RBSCs 

hnproved welded unreinforced "flange connections. 

Welded bottom haunch connections. 

de 

db 
fh = 

fep = 
a= 

b= 

Welded top and bottonl haunch connections. 

Welded cover plate flange connections. 

Reduced beam section connections. 

COIUlllil depth. 

Beam depth. 

Haunch length. 

Cover plate length. 

Distance of the radius cut from the beam edge. 

Length of the radius-cut. 

(4) The requirements for beams and colunlns in retrofitted connections are given in 
Table B.6. The sanle Table gives the rotation capacity at the three that is provided 
by connection if the requirenlents are fulfilled. 
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(1) The existing fi]]er material should be renloved and replaced with sound 
material. 

(2) Backing bars should be renl0ved after welding, because they ll1ay cause 
initiation of cracks. 

(3) Transverse stiffeners at the top and bottonl of the panel zone should be used to 
strengthen and stiffen the colunln panel (see B.5.4.5(4)). Their thickness should be not 

than that of beaIn flanges. 

(4) Transverse and web stiffeners should be welded to colunln flanges and to the 
web via complete joint penetration welds. 

B.6.2.3 Weakening strategies 

B.6.2.3.1 Connections with RBS beams 

(l) Reduced Beam Sections (RBS), designed in accordance with (5), can force 
plastic hinges to occur \vithin the reduced section, thus decreasing the likelihood of 
fracture at the beaIn flange welds and in the surrounding heat affected zones. 

(2) The beam should be connected to the colunul flange either through welded 
webs, or through shear tabs welded to the column flange face and to the beam web. The 
tab length should be equal to the distance between the weld access holes, with an offset 
of 5 nlnl. A nlininlum tab thickness of 10 nlm is required. Shear tabs should be either 
cut square or with tapered edges (tapering CODler about 15°) and should be placed 011 
both sides of the beanl web. 

(3) Welding should enlploy groove welds or fillet welds for the colulnn flange and 
fillet welds for the bealn web. Bolting of the shear tab to the beanl web is al10wed as an 
alternative. 

(4) Shear studs should not be placed within the RBS zones. 

(5) The design procedure for RBS connections is outlined below: 

L Use RBS beams designed in accordance with the procedure In B.5.3.4, but 
computing the beam plastic monlent, Mpl,Rd,b, as: 

ZRBS . f~b . 

where: 

fyb 

L 

is the yield strength of in the beam, defined as in B.5.1(5), 

is the distance between COlU11111 centerlines, 

is the COlUl1Ul depth, and 

is the length ofRBS. 

(B.31) 
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11. C0I11pute the bean1 shear, Vp1,Rd,b, in accordance 'with B.S.3.4(3)v for a span length 
between plastic hinges, L': 

L'=L dc -2·b (B.32) 

111. Verify the web connection, 
froll1 ii above. 

the welded shear tab, for the shear force ~)I,Rd,b 

IV. Check that the column-to-bean1 flexural capacity ratio, CBMR, satisfies the 
condition: 

where: 

and Zc 

CBA1R ---~---~----:-- 2 1,20 

plastic lnoduli of the beanlS and the columns, respectively, 

NEd is the axial load of the colUlnn in the seismic design situation, 

Ac is the area of the column section, 

f~b is the yield strength of steel in the beam, defined as in B.S.1 (S), 

f;'d,c is the design yield strength of steel in the colunln, defined as in B.6.2.1(3). 

(B.33) 

v. Detennine the thickness of the continuity plates to stiffen the colu111n web at the 
level of the top and bottOln bemn flange. This thickness should be at least equal to 
that of the beanl flange. 

VI. Check that the strength and stiffness of the panel zone are sufficient for the panel 
to relnain elastic: 

d . 
lFC 

(B.34) 

where: 

is the depth of the colUlnl1 web, @j] 

is the thickness of the colu111n web, including the doubler plates, if any, 

f~w,d is the design yield strength of the panel zone, 

Zb is the plastic Inodulus of the beams, 

NEd is the axial load of the column in the seismic design situation, 

Ac is the area of the column section, 

f~b is the yield strength of steel in the beanl, defined as in B.S.l(5), and 

H is the franle storey height. 

Vll. Conlpute and detail the welds between the joined parts. 
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(1) Sen1i-rigid andlor partial strength connections, either steel or composite, may be 
used to achieve large plastic deforn1ations without risk of fracture. 

(2) Full interaction shear studs should be welded onto the bean1 top flange. 

(3) Senli-rigid connections nlay be designed by assuming that the shear resistance is 
provided by the con1ponents on the \veb and the flexural resistance by the bean1 flanges 
and the slab reinforcelllent, if any. 

B.6.2.4 Strengthening strategies 

B.6.2.4.1 Haunched connections 

(1) Bean1-to-column connections n1ay be strengthened by adding haunches either 
on ly to the bOttOl11, or to the top and the botton1 of the beaIll flanges, forcing the 
dissipative zone to the end of the haunch. Adding haunches only to the bottom is 
more convenient, because bottom flanges are generally far more accessible than top 
ones; moreover, the con1posite slab, if any, does not have to be rel11oved. 

(2) Triangular T -shaped haunches are the n10st effective an10ng the different types 
of haunch details. If only bottonl haunches are added, their depth should be about one
quarter of the beanl depth. connections with top and bottom haunches, haunch depth 
should be about one-third of the beam height. 

(3) Transverse stiffeners at the level of the top and bottonl beaIll flanges should be 
used to strengthen the column panel zone. 

(4) Transverse stiffeners should also be used at the haunch edges, to stiffen the 
column web and the beaIll web. 

(5) The vertical stiffeners for the beam web should full depth and welded on 
both sides of the web. Their thickness should be sufficient to resist the vertical 
con1ponent of the haunch flange force at that location, and should be not less than the 
thickness of the bean1 flange. The local verifications in EN 1993-1 2004, 6.2.6 
should be satisfied. 

(6) Haunches s110uld be welded with con1plete joint penetration welds to both the 
colul11n and the beanl flanges. 

(7) Bolted shear tabs l11ay be left in place, if they exist. Shear tabs l11ay be used in 
the retrofitted l11el11ber, if required either for resistance or for execution purposes. 

(8) A step-by-step design procedure nlay be applied for haunched connections, as 
follows. 

1. Select preliminary haunch dimensions on the basis of the slenderness 1i111itatio11 
for the haunch \veb. The following relationships may be used as a first trial for the 
haunch length, a, and for the angle of the haunch flange to the haunch of the 
member, B: 
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a 0,55· db 

where db is the beaI11 depth. The resulting haunch depth b, given by: 

b = a·tane. 

should respect architectural constraints, ceilings and non structural ele111ents. 

(B.35) 

(B.36) 

(B.37) 

11. C0111pute the beam plastic 1110ment at the haunch tip, N~)I,Rd,b, from expression 
(B.17). 

111. COlllpute the beam plastic shear (Vpl,Rd,b) in accordance with B.5.3.4(3)v for the 
span length L' bet\veen the plastic hinges at the ends of the haunches. 

IV. Verify that the column-to-beam flexural capacity ratio, CBlvlR, satisfies the 
condltion: 

CBA1R ----::::==---~"- 2:: 1,20 (B.38) 

\vhere: 

Zc is the plastic section modulus of the colul11ns, 

.f~d,c is the design yield strength of steel in the colulnn, defined as in B.6.2.1 (3), 

NEd is the axia110ad of the c01umn in the seisl11ic design situation, 

Ac is the area of the column section, 

Me is the SUl11 of c01umn 1110nlents at the top and bottom ends of the enlarged panel 
zone resulting from the developnlent of the beanl monlent Mpl,R,b within each 
beanl of the connection: 

(B.39) 

where: 

L is the distance between the colunln centerlines, 

db is the depth of the beam including the haunch, and 

He is the storey height of the frame. 

v. Conlpute the value of the non-dimensional paranleter j3 given by: 
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3·d 6·b·d+4·b<-+ 

fJ 
b 3· L'·d +3 ·a·d +3 ·b·L' + 4·a·b 

where AhCiS the area of the haunch flange. 

VI. COlnpute the value of the non-dimensional parameter fJmin as: 

. a) . 
--'-----:--- - 0,80· }U\v,d 

fJ min = ------"'--------,---------:--

where: 

/uw.d is the design tensile strength of the welds, 

Sx is the beaIn (major) elastic modulus, 

d is the beam depth, 
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(BAO) 

(BAI) 

are respectively the area and n10n1ent of inertia of the bean1. 

VB. Compare the non-dimensional p-values, as calculated above. If fJ;::: ~nin the 
haunch dilnensions are sufficient and further local checks should be perfolll1ed in 
accordance with viii below. If fJ < f3min the haunch flange stiffness should be 
increased, by either increasing the haunch flange area Ahf or by lTIodifying the 
haunch geOlnetry. 

VBI. Perfonn strength and stability checks for the haunch flange: 

(strength) (BA2) 

(stability) (B.43) 

where: 

hhl~d is the design value of the yield strength of the haunch flange, 

bhf and thw are the flange outstand and the flange thickness of the haunch, 
respectively. 

IX. Perforn1 strength and stability checks for the haunch web: 

(strength) Thw 
(B.44) 
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2-a-sine . I 235 
(stability) S 3J 11--

thw ~ 

where: 

'/;'hw,d is the design value of the yield strength of the haunch web, 

thw is the web thickness, 

v is the Poisson ratio of steel. 

(BAS) 

x. Check the shear capacity of the bean1 web in accordance with EN 1993-1-8: 2004, 
6.2.6, for a shear force to be resisted by the beam web given by: 

Vp1,Rd,bw (1 fJ)· Vp1,Rd,b (BA6) 

where fJ is given by expression (BAO). 

Xl. Design transverse and bean1 web stiffeners to resist the concentrated force 

fJ~)I,Rd,b/tanB- Web stiffeners should possess sufficient strength to resist, together 

with the beam web, the concentrated load (l-fJ) Vpl.Rd,b. Width- to-thickness ratios 
for stiffeners should be linlited to 15, to prevent local buckling. 

XI1. Detail welds with complete joint penetration welding to connect stiffeners to the 
bean1 flange. Two-sided 8 mm fillet welds are sufficient to connect the stiffeners 
to the bean1 web. 

B.6.2.4.2 Cover plate connections 

(1) Cover plate connections can reduce the stress at the welds of the beam flange 
and force yielding in the beml1 to OCCUI' at the end of the cover plates. 

(2) Cover plates nlay be used either only at the botton) bemTI flange, or at the top 
and bOttOll1 beam flanges. 

(3) Steel cover plates should have rectangular shape and should be placed with the 
rolling direction parallel to the bean1. 

(4) Connections with welded beam webs and relatively thin and short cover plates 
should be preferred over bolted web and heavy and long plates. 

(5) Long plates should not be used for beams with short spans and high shear 
forces. 

(6) A step-by-step design procedure may be applied for cover plate connections as 
follows. 

1. Select the cover plate dinlensions on the basis of the bean1 size: 

(BA7) 
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1,20· fbf (B.48) 

2 
(B.49) 

where: 

bep is the width of the cover plate, 

tep is the thickness of the cover plate, 

ber is the width of the beam flange, 

ter is the thickness of the beanl flange, 

lep is the length of the cover plate, and 

db is the beam depth. 

11. Conlpute the bealTI plastic nl0mel1t (Nfpl,Rd,b) at the end of the cover plates as in 
expression (B.7). 

111. COlDpute the bealD plastic shear, Vpl,Rd,b, in accordance with B.S.3.4(3)v for the 
distance, L', between the plastic hinges in the beam: 

(B.50) 

IV. Compute the IDoment at the colull1n flange, Mct:Ed : 

(B.51) 

v. Verify that the area of cover plates, Aep , satisfies the requirement: 

(B.52) 

where.f~d is the design yield strength of the cover plates 

VI. Verify that, the colunln-to-bean1 flexural capacity ratio, CBMR, satisfies the 
condition: 

CBlvfR = ---=--:-'------:- ;:: 1,20 (B.53) 

where: 

and Ze are the plastic nl0duli of the beams and the colunlns, respectively, 

is the yield strength of steel in the bealD, defined as in B.S.l(S), and 

/yd.e is the design yield strength of steel in the column, defined as in B.6.2.1(3). 

Vll. Detel111ine the thickness of the continuity plates placed at the level of the top and 
botton1 beanl flanges to stiffen the column web. This thic1Gless should be not less 
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than that of the beanl flange. 

VIl1. Check that the strength and the stiffness of the panel zone are sufficient for the 
panel to renlain elastic: 

j
. . ")\;1 [ J ( J i. .~> L..J r. L_Ldc . HH-db 

(c t \\c .J3 - db ..: (B.54) 

where: 

de is the depth of the colU1nn web, 

twe is the thickness of the column web, including the doubler plates, if any, 

.f~w,d is the design value of the yield strength of the panel zone, and 

H is the franle storey height. 

IX. Dinlension and detail the welds between joined parts, i.e. between the beanl and 
the cover plates, between the colulnn and the cover plates and between the beam 
and the column. Weld overlays should etnploy the sanle electrodes as used in the 
original welds, or at least electrodes with similar mechanical properties. 

B.6.3 Connections of braces and of seismic links 

(1) The connections of braces and of seismic link should be designed taking into 
account the effects of cyclic post-buckling behaviour. 

(2) Rigid connections should be prefened to nonlinally pinned ones (see EN 1998-
1-8: 2004, 5.2.2). 

(3) To inlprove out-of-plane stability of the bracing connection, the continuity of 
beanls and colunlns should not be intenupted. 

(4) The brace and the beanl centrelines should not intersect outside the seisnlic link. 

(5) In connections of diagonal braces and bean1s, the centrelines of these men1bers 
should intersect either within the length of the link or at its end. 

(6) For connection of a seisn1ic link to a column at column flange face, bearing end 
plates should be used between the bemn flange plates. 

(7) Retrofitting of beanl-to-colulnn connections n1ay change the length of the 
seisnlic link. Therefore, the link should be checked after the repair strategy is adopted. 

(8) Seisn1ic links connected to the column should be short. 

(9) Welded connections of a seisn1ic link to the column weak-axis should be 
avoided. 
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ANNEXC (Informative) 

MASONRY BUILDINGS 

C.I Scope 
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(1) This annex contains recommendations for the asseSSlnent and the design of the 
retrofitting of n1asonry buildings in seisn1ic regions. 

(2) The recOlumendations of this section are applicable to concrete or brick 
masonry lateral force resisting elements, within a building system in un-reinforced, 
confined or reinforced luasonry. 

C.2 Identification of geometry, details and materials 

C.2.1 General 

(I) The following aspects shou1d be carefully exan1ined: 

1. Type of luasonry unit (e.g., clay, concrete, hollo\v, solid, etc.). 

11. Physical condition of masonry eleluents and presence of any degradation. 

111. Configuration of masonry elements and their connections, as well as the continuity 
of load paths between lateral resisting eleluents. 

IV. Properties of constituent materials of masonry elen1ents and quality of connections. 

v. The presence and attachment of veneers, the presence of nonstructural c0111ponents, 
the distance between partition walls. 

VI. Inforn1ation on adjacent buildings potentially interacting with the building under 
consideration. 

C.2.2 Geometry 

(1) The collected data should include the following iten1s 

1. Size and location of all shear walls, including height, length and thickness. 

11. Dimensions of masonry units. 

111. Location and size of wall openings ( doors, windows). 

IV. Distribution of gravity loads on beat'jng walls. 
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C.2.3 Details 

(1) The collected data should include the following itenls 

1. Classification of the walls as un-reinforced, confined, or reinforced. 

11. Presence and quality of mortar. 

Ill. For reinforced ll1asonry walls, an10unt of horizontal and vertical reinforcelnent. 

IV. For ll1ulti-Ieaf masonry (rubble core nlasonry wans), identification of the number 
of leaves, respective distances, and location of ties, when existing. 

v. For grouted nlasonry, evaluation of the type, quality and location of grout 
placements. 

Vi. Determination of the type and condition of the mortar and Inortar joints; 
Examination of the resistance, erosion and hardness of the mortar; Identification of 
defects such as cracks, internal voids, weak cOlnponents and deterioration of 
nlorta1'. 

Vl1. Identification of the type and condition of connections between orthogonal walls. 

viii. Identification of the type and condition of connections between walls and floors or 
roofs. 

1X. Identification and location of horizontal cracks in bed joints, vertical cracks in head 
joints and 111aSOll1), units, and diagonal cracks near openings. 

Exanlination of deviations in verticality of walls and separation of exterior leaves or 
other elements as parapets and chimneys. 

C.2.4 l\1aterials 

(1) N on-destructive testing nlay be used to quantify and confirn1 the unifonl1ity of 
construction quality and the presence and degree of deterioration. The following types 
of tests ll1ay be used: 

1. Ultrasonic or mechanical pulse velocity to detect variations in the density and 
modulus of Inasonry materials and to detect the presence of cracks and 
discontinuities. 

]1. Impact echo test to confin11 whether reinforced \valls are grouted. 

111. Radiography and cover meters, where appropriate, to conflrnl location of 
reinforcing steel. 

(2) Supplenlentary tests n1ay be perforn1ed to enhance the level of confidence in 
nlasonry Inaterial properties, or to assess ll1asonry condition. Possible tests are: 

1. Schnlidt rebound hanl111er test to evaluate surface hardness of exterior ll1asonry 
walls. 
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11. Hydraulic flat jack test to nleasure the in-situ shear strength of masonry. This test 
nlay be in conjunction with flat jacks applying a nleasllred vertical load to the 
masonry units under test. 

111. Hydraulic flat jack test to lneasure the in-situ vertical cOlnpressive stress resisted 
by masonry. This test provides infonnation such as the gravity load distribution, 
flexural stresses in walls, and stresses in nlasonry veneer walls c0111pressed by 
surrounding concrete franle. 

IV. Diagonal cOlnpression test to estinlate shear strength and shear 1110dulus of 
n1asonry. 

v. Large-scale destructive tests on partlcular regions or elements, to increase the 
confidence level on overall structural properties or to provide particular 
information such as out-of-plane strength, behaviour of connections and openings, 
in-plane strength and defOlll1ation capacity. 

C.3 Methods of analysis 

C.3.l General 

(1) In setting up the lnodel for the analysis, the stiffness of the walls should be 
evaluated taking into account both flexural and shear flexibility, using cracked stiffness. 
In the absence of nlore accurate evaluations, both contributions to stiffness nlay be 
taken as one-half of their respective uncracked values. 

(2) Masonry spandrels may be introduced in the lnodel as coupling beanls between 
two wall elenlents. 

C.3.2 Linear methods: Static and Multi-modal 

(1) These nlethods are applicable under the following conditions, which are 
additional to the general conditions of 4.4.2(l)P 

1. The lateral load resisting walls are regularly ananged in both horizontal directions. 

11. Walls are continuous along their height. 

111. The floors possess enough in-plane stiffness and are sufficiently connected to the 
perimeter walls to assume that they can distribute the inertia forces anl0ng the 
vertical elements as a rigid diaphragm. 

IV. Floors on opposite sides of a cOlnmon wall are at the sanle height. 

v. At each floor, the ratio between the lateral in-plane stiffnesses of the stitlest wall 
and the weakest prinlary seismic wall, evaluated accounting for the presence of 
openings, does not exceed 2,5. 

VI. Spandrel elements included in the model are either made of blocks adequately 
interlocked to those of the adjacent walls, or have connecting ties. 
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C.3.3 Nonlinear methods: Static and dynamic 

(l) These nlethods should be applied when the conditions in C.3.2 are not met. 

(2) Capacity is defined in tel111S of roof displacel11ent. The ultinlate displacenlent 
capacity is taken as the roof displacenlent at which total lateral resistance (base shear) 
has dropped below 800/0 of the peak resistance of the structure, due to progressive 
dalnage and failure of lateral load resisting elenlents. 

(3) The demand, to be c01l1pared to the capacity, is the roof displaceluent 
conesponding to the target displacement of 4.4.4.4 and EN 1998-1: 2004, 4.3.3.4.2.6(1) 
for the seismic action considered. 

NOTE Informative Annex B of EN 1998-1: 2004 gives a procedure for the determination of the 
displacement from the elastic response spectrum. 

C.4 Capacity models for assessment 

C.4. t Models for global assessment 

C.4.1.1 LS of Near Collapse (NC) 

(1) Assesslnent criteria given in tell1lS of global response nleasures can be applied 
only when the analysis is nonlinear. 

(2) Global capacity at the LS of Near Collapse (NC) may be taken equal to the 
ultimate displacenlent capacity defined in C.3.3(2). 

C.4.1.2 LS of Significant Damage (SD) 

(1) C.4.1.1(1) applies. 

(2) Global capacity at the LS of Significant Damage (SD) may be taken equal to 3/4 
of the ultimate disp]aceluent capacity defined in C3.3(2). 

C.4.1.3 LS of Damage Limitation (DL) 

(l) If a linear analysis is performed, the criterion for global assessment is defined in 
terms of the base shear in the horizontal direction of the seismic action. The capacity 
11lay be taken equal to the sum of shear force capacities of the individual walls, as this is 
controlled by flexure (see C.4.2.1(1) or by shear (see C.4.3.1(l») in the horizontal 
direction of the seisnlic action. The demand is the estimate of the nlaxinlUlTI base shear 
in that direction frorn the linear analysis. 

(2) If nonlinear analysis is perfornled, the capacity for global assessment is defined 
as the yield point (yield force and yield displacelnent) of the idealized elasto-perfectly 
plastic force - displacenlent relationship of the equivalent Single-Degree-of-Freedom 
systenl. 
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displacement relationship of the equivalent Single-Degree-of-Freedom system. 

C.4.2 Elements under normal force and bending 

C.4.2.1 LS of Significant Damage (SD) 

(1) The capacity of an unreinforced masonry wall is controlled by f1exure, if the 
value of its shear force capacity given in C.4.2.1 (3) is less than the value given in 
C.4.3.1(3). 

(2) The capacity of an unreinforced nlasonry wall controlled by flexure may be 
expressed in terms of drift and taken equal to O,008'HoID for prilnary seis111ic walls and 
to O,012'HoID for secondary ones, where: 

D is the in-plane horizontal dilnension of the wall (depth), 

Ho is the distance between the section where the flexural capacity is attained and 
the contraflexure point. 

(3) The shear force capacity of an ~ unreinforced masonry \val1 controlled by@]] 
flexure under an axial load N, nlay be taken equal to: 

(C.l) 

where 

D and Ho are as defined in (2), 

Vd = NI(D(fd) is the nonnalized axial load (with.fd = .[;r/CFm, \vhere .[;11 is the mean 
c01npressive strength as obtained fr0111 in-situ tests and fronl the additional 
sources of inf01mation, and CFm is the confidence factor for masonry gi yen in 
Table 3.1 for ~ the appropriate knowledge level m), t is the wall @]]thickness. 

C.4.2.2 LS of Near Collapse (NC) 

(1) C.4.2.1(1) and C.4.2.1(3) apply. 

(2) The capacity of a Inasonry wall controlled by flexure may be expressed in ternlS 
of drift and taken equal to 4/3 of the values in C.4.2.1(2). 

C.4.2.3 LS of Damage Limitation (DL) 

(1) C.4.2.1(1) applies. 

(2) The capacity of an unreinforced nlasonry wall controlled by flexure l11ay be 
taken as the shear force capacity given in C.4.2.1 (3). 
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C.4.3 Elenlents under shear force 

C.4.3.1 LS of Significant Damage (SD) 

(1) The capaclty of an unreinforced nlasonry wall is controlled by shear, if the value 
of its shear force capacity given in C.4.3.1 (3) is less than or equal to the value given in 
C.4.2.1(3). 

(2) The capacity of an unreinforced luasonry wall controlled by shear may be 
expressed in ternlS of drift and taken equal to 0,004 for primary seismic walls and to 
0,006 for secondary ones. 

(3) The shear force capacity of an unreinforced nlasonry wall controlled by shear 
under an axial load N, may be taken equal to: 

Vf = fvd D't (C.2) 

where: 

D' is the depth of the conlpressed area of the wall, 

is the wall thickness, and 

./vd is the luasonry shear strength accounting for the presence of vertical load: =fvmo 
+ 0,4 N/ D' t :::; 0,06~~11' where ,/vmO is the mean shear strength in the absence of 
vertical load and ."h~1 the mean compressive strength, both as obtained from in
situ tests and frOlu the additional sources of infoI111ation, and divided by the 
confidence factors, as defined in the 3.5(1)P and Table 3.1, accounting for the 
level of knowledge attained. In primary seismic walls, both these material 
strengths are futher divided by the partial factor for masonry in accordance with 
EN 1998-1 : 2004, 9.6. 

C.4.3.2 LS of Near Collapse (NC) 

(l) C.4.3.1 (1) and C.4.3.1(3) apply. 

(2) The capacity of an unreinforced masonry wall controlled by shear may be 
expressed in tenus of drift and taken as 4/3 of the values in C.4.3.1(2). 

C.4.3.3 LS of Damage Limitation CDL) 

(l) C.4.3.1(1) applies. 

(2) The capacity of an unreinforced masonry wall controlled by shear may be taken 
as the shear force capacity given in CA.3.1 (3). 
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c.s.t Repair and strengthening techniques 

C.S.I.1 Repair of cracks 
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(1) If the crack width is relatively small (e.g., less than 10 mm) and the thickness of 
the wall is relatively snlall, cracks may be sealed with nlortar. 

(2) If the width of cracks is snlall but the thickness of the l11asonry is not, cenlent 
grout injections should be used. Where possible, no-shrinkage grout should be used. 
Epoxy grouting nlay be used instead, for fine cracks. 

(3) If the crack are relatively wide (e.g., nlore than 10 Inm) , the danlaged area 
should be reconstructed using elongated (stitching) bricks or stones. Otherwise, dove
tailed c1anlps, metal plates or polYl11er grids should be used to tie together the two faces 
of the crack. Voids should be filled with cement mortar of appropriate fluidity. 

(4) Where bed-joints are reasonably level, the resistance of walls against vertical 
cracking can be considerably ilnproved by errlbedding in bed-joints either snlall 
dianleter stranded wire ropes or polyn1eric grid strips. 

(5) For repair of large diagonal cracks, vertical concrete ribs nlay be cast into 
irregular chases made in the nlasonry wall, nornlally on both sides. Such ribs should be 
reinforced with closed stirrups and longitudinal bars. Stranded wire rope as in (4) 
should run across the concrete ribs. Alternatively, polynleric grids may be used to 
envelop one or both faces of the masonry walls, conlbined with appropriate n101"tar and 
plaster. 

C.S.L2 Repair and strengthening of wall intersections 

(1) To improve connection between intersecting walls, use should be n1ade of cross-
bonded bricks or stones. The connection may be n1ade n10re effective in different ways: 

1. Through construction of a reinforced concrete belt, 

11. By addition of steel plates or nleshes in the bed-joints, 

111. Through insertion of inclined steel bars in holes drilled III the nlasonry and 
grouting thereafter, 

IV. Through post-tensioning. 

C.S.L3 Strengthening and stiffening of horizontal diaphragms 

(1) Tin1ber floors n1ay be strengthened and stiffened against in-plane distortion by: 

1. nailing an additional (orthogonal or obhque) layer of ti111ber boards onto the 
existing ones, 

11. casting an overlay of concrete reinforced with welded wire ll1esh. The concrete 
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overlay should have shear connection with the timber floor and should be anchored 
to the walls, 

iii. placing a doubly-diagonal lTIesh of flat steel ties anchored to the beanls and to the 
perinleter walls. 

(2) Roof trusses should be braced and anchored to the supporting walls. A 
horizontal diaphragn1 should be created (e.g. by adding bracing) at the level of the 
bottonl chords of the trusses. 

C.S.I.4 Tie beallls 

(1) If existing tie-bealTIS between walls and floors are dan1aged, they should be 
repaired or rebuilt. If there are no tie-beams in the original building structure, such 
beams should be added. 

C.S.l.S Strengthening of buildings by means of steel ties 

(1) The addition of steel ties, along or transversely to the walls, external or within 
holes drilled in the walls, is an efficient means of connecting wa]1s and inlproving the 
overall behaviour of n1asonry buildings. 

(2) Posttensioned ties nlay be used to inlprove the resistance of the walls against 
tensile stresses. 

C.S.l.6 Strengthening of rubble core masonry walls (multi-leaf walls) 

(1) The rubble core IDay be strengthened by cement grouting, if the penetration of 
the grout is satisfactory. If adhesion of the grout to the rubble is likely to be poor, 
grouting should be supplenlented by steel bars inserted across the core and anchored to 
the outer leafs of the wall. 

C.S.1. 7 Strengthening of walls by means of reinforced concrete jackets or steel 
profiles 

(1) The concrete should be applied by the shotcrete method and the jackets should 
be reinforced by welded wire n1esh or steel bars. 

(2) The jackets lTIay be applied on only one face of the wall, or preferably on both. 
The two layers of the jacket applied to opposite faces of the wall, should be connected 
by means of transverse ties through the masonry. Jackets applied on only one face, 
should be connected to the masonry by chases. 

(3) Steel profiles may be used in a s1n1ilar way, provided they are appropriately 
connected to both faces of the wall or on one face only. 

C.S.l.S Strengthening of walls by means of polymer grids jackets 

(1) PolYlTIer grids may be used to strengthen existing and new masonry elenlents. In 
case of existing elenlents, the grids should be connected to masonry walls frOID one 
sides or both sides and should be anchored to the perpendicular walls. In case of new 
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elen1ents, the intervention l11ay involve the additional insertion of grids in the horizontal 
layers of mortar between bricks. Plaster covering polymeric grids should be ductile, 
preferably lilne-cement with fibre reinforcement. 
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Foreword 

This European Standard EN 1998-4, Eurocode 8: Design of structures for earthquake 
resistance: Silos, tanks and pipelines, has been prepared by Technical COlTIlTIittee 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 given the status of a National Standard, either by publication 
of an identical text or by endorsen1ent, at the latest by January 2007, and conflicting national 
standards shall be withdrawn at latest by March 2010. 

This docunlent supersedes ENV 1998-4: 1997. 

According to the CEN-CENELEC Internal Regulations, the National Standard Organizations 
of the following countries are bound to in1plen1ent this European Standard: Austria, Belgiunl, 
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Gennany, Greece, Hungary, 
iceland, Ireland, Italy, Latvia, Lithuania, LUXelTIbourg, Malta, Netherlands, Norway, Poland, 
Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland and United KingdOlTI. 

Background of the Eurocode programme 

In 1975, the C0l111TIission of the European ConllTIunity decided on an action progran1n1e in the 
field of construction, based on article 95 of the Treaty. The objective of the programn1e was 
the elilnination of technical obstacles to trade and the harn10nizatiol1 of technical 
specifications. 

Within this action progran11TIe, the C0111mission took the initiative to establish a set of 
hannonized 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 then1. 

For fifteen years, the Con1n1iss10n, with the help of a Steering Con1mittee with 
Representatives of Men1ber States, conducted the developn1ent of the Eurocodes progralnme, 
which led to the first generation of European codes in the 1980's. 

In 1989, the Con1n11ssion and the Men1ber States of the and EFTA decided, on the basis of 
an agreement I between the C0111nlission and CEN, to transfer the preparation and the 
publication of the Eurocodes to through a series of Mandates, in order to provide thein 
with a future status of European Standard (EN). This links de facto the Eurocodes with the 
provisions of a]] the Council's Directives and/or Con1n1ission's Decisions dealing with 
European standards the Council Directive 8911 06/EEC on construction products - CPD 
and Council Directives 93/37/EEC, 921S0/EEC and 89/440lEEC on public works and services 
and equivalent EFTA Directives initiated in pursuit of setting up the internal l11arket). 

The Structural Eurocode programnle c0111prises the following standards generally consisting 
of a nun1ber of Parts: 

I Agreement between the Commission of the European Communities and the European Committee for 
Standardization (CE:-J) concerning the work on EUROCODES for the design of building and civil engineering 
works 
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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 stnlctures 

EN 1994 Eurocode 4: Design of conlposite steel and concrete structures 

EN 1995 Eurocode 5: Design of til11ber 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 alun1inium structures 

Eurocode standards recognize the responsibility of regulatory authorities in each Menlber 
State and have safeguarded their right to determine values related to regulatory safety 111atters 
at national level where these continue to vary fro111 State to State. 

Status and field of application of Eurocodes 

The Mel11ber States of the EU and EFTA recognize that Eurocodes serve as reference 
docUlnents for the following purposes: 

as a means to prove cOlnpliance of building and civil engineering works with the essential 
requirements of Council Directive 8911 06/EEC, particularly Essential Requirelnent N° 1 -
Mechanical resistance and stability - and Essential Requirel11ent N°2 - Safety in case of 
fire; 

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

as a fran1e\vork for drawing up harmonized technical specifications for construction 
products (ENs and ETAs) 

The Eurocodes, as far as they concern the construction works thelTIselves, have a direct 
relationship with the Interpretative Docun1ents2 refened to in Article 12 of the CPD, although 
they are of a different nature frOl11 harmonized product standards 3

. Therefore, technical 

2 According to Art. 3.3 ofthe 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, etR ; 

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

The Eurocodes, de/acto, playa similar role in the field of the ER 1 and a part of ER 2. 
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aspects arising fron1 the Eurocodes work need to be adequately considered by CEN Technical 
Con1nlittees and/or EOTA Working Groups working on product standards with a view to 
achieving a full cOll1patibility of these technical specifications with the Eurocodes. 

The Eurocode standards provide conl1non structural design rules for everyday use for the 
design of whole structures and cOlnponent products of both a traditional and an innovative 
nature. Unusual f01111S of construction or design conditions are not specifically covered and 
additional expert consideration wi] I be required by the designer in such cases. 

National Standards implementing Eurocodes 

The National Standards ilnplelnenting Eurocodes will comprise the full text of the Eurocode 
(including any annexes), as published by CEN, which 111ay be preceded by a National title 
page and National foreword~ and may be followed by a National annex (informative). 

The National annex may only contain infornlation on those parameters which are left open in 
the Eurocode for national choice, known as Nationally Deternlined Paranleters, 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 syn1bol only is given in the Eurocode, 

- country specific data (geographical, climatic, etc.), snow nlap, 

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

It nlay also contain 

decisions on the application of infonnative annexes, 

references to non-contradictory conlplementary infonnation to assist the user to apply the 
Eurocode. 

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

There is a need for consistency between the hannonized technical specifications for 
construction products and the technical rules for works4. Furthermore, all the infonnation 
accOlnpanying the CE Marking of the construction products which refer to Eurocodes shall 
clearly mention which Nationally Detenl1ined Parameters have been taken into account. 

Additional information specific to EN 1998-4 

The scope of EN 1998 is defined in 1.1.1 of EN 1998-1: 2004. The scope of this Part of 
1998 is defined in 1.1. Additional Parts Eurocode 8 are listed in 1998-1: 2004, 1.1.3. 

4 See ArL3.3 and Art.l2 of the as well as clauses 4.3.1,4.3.2 and 5.2 of ID 1. 
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EN 1998-4:2006 is intended for use by: 

- clients (e.g. for the fornlulation of their specific requiretnents on reliability levels and 
durability) ; 

- designers and constructors; 

- relevant authorities. 

For the design of structures in seismic regions the provisions of this European Standard are to 
be applied in addition to the provisions of the other relevant parts of Eurocode 8 and the other 
relevant Eurocodes. In particular, the provisions of this European Standard conlplenlent those 
of EN 1991-4, EN 1992-3, EN 1993-4-1, EN 1993-4-2 and EN 1993-4-3, which do not cover 
the special requirenlents of seisnlic design. 

National annex for EN 1998-4 

This standard gives alternative procedures, values and recOlnnlendations for classes with notes 
indicating where national choices may have to be nlade. Therefore the National Standard 
ilnplelnenting EN 1998-4 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 1998-4:2006 through clauses: 

Reference Item 
l.1(4) Additional requirelnents for facilities associated with large risks to the 

population or the environnlent. 
2.l.2( 4)P Reference return period TNCR of seislnic action for the ultinlate linlit 

state (or, equivalently, reference probability of exceedance in SO years, 
PNCR ). 

2.l.3(S)P Reference return period TDLR of seisnlic action for the danlage linlitation 
state (Of, equivalently, reference probability of exceedance in 10 years, 

PDLf~)' 
2.1.4(8) Inlportance factors for silos, tanks and pipelines 
2.2(3) Reduction factor v for the effects of the seisnlic action relevant to the 

dmnage linlitation state 
2.3.3.3(2)P Maximum value of radiation damping for soil structure interaction 

analysis, ?m<1x 

2.S.2(3)P Values of (jJ for silos, tanks and pipelines 
3. 1 (2)P Unit weight of the particulate solid in silos, y, In the seisnlic design 

situation 
4.S.l.3(3) Anlplification factor on forces transnlitted by the piping to region of 

attachment on the tank wall, for the design of the region to remain 
elastic in the damage limitation state 

4.S.2.3(2)P Overstrength factor on design resistance of piping in the verification 
that the connection of the piping to the tank will not yield prior to the 
piping in the ultimate limit state 
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1 GENERAL 

1.1 Scope 

(l) The scope of Eurocode 8 is defined in 1998-1: 2004, 1.1.1 and the scope of this 
Standard is defined in this clause. Additional parts of Eurocode 8 are indicated in EN 1998-1: 
2004, 1.1.3. 

(2) This standard specifies principles and application rules for the seislnic design of the 
structural aspects of facilities conlposed of above-ground and buried pipeline systenls and of 
storage tanks of different types and uses, as well as for independent itenls, such as for 
exanlp]e single water towers serving a specific purpose or groups of silos enclosing granular 
ll1aterials, etc. 

(3) This standard includes the additional criteria and rules required for the seisnlic design 
of these structures without restrictions on their size, structural types and other functional 
characteristics. For sonle types of tanks and silos, it also provides detailed methods of 
assessment and verification rules. 

(4) This standard Inay not be cOlnplete for those facilities associated with large risks to the 
population or the environnlent, for which additional requirenlents are the responsibility of the 
conlpetent authorities. This standard is also not c0111plete for those construction works which 
have unconl1non structural elements and which require special nleasures to be taken and 
special studies to be performed to ensure earthquake protection. In those two cases the present 
standard gives general principles but not detailed application rules. 

NOTE The National Annex may specify additional requirements for facilities associated with large risks 
to the population or the environment. 

(5) Although large dianleter pipelines are within the scope of this standard, the 
corresponding design criteria do not apply for apparently sinlilar facilities, like tunnels and 
large underground cavities. 

(6) The nature of lifeline systems which often characterizes the facilities covered by this 
standard requires concepts, nl0dels and methods that may differ substantially from those in 
CUITent use for 1110re common structural types. Furthermore, the response and the stability of 
silos and tanks subjected to strong seismic actions nlay involve rather cOlnplex interaction 
phenonlena between soil-structure and stored material (either fluid or granular), not easily 
amenable to sinlpljfied design procedures. Equally challenging may prove to be the design of 
a pipeline systenl through areas with poor and possibly unstable soils. For the reasons given 
above, the organization of this standard is to sonle extent different fronl that of other Parts of 
EN 1998. This standard is, in general, restricted to basic principles and nlethodological 
approaches. 

NOTE Detailed analysis procedures going beyond basic principles and methodological approaches are 
given in Annexes A and B for a number of typical situations. 

(7) In the fOll11ulation and implen1entation of the general requirenlents, a distinction has 
been made between independent structures and redundant systenls, via the choice of 
i111portance factors and/or through the definition of specific verification criteria. 
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(8) If SeiS111ic protection of above-ground pipelines is provided through seis111ic isolation 
devices between the pipeline and its supports (notably on piles), EN 1998-2:2005 applies, as 
relevant. For the design of tanks, silos, or individual facilities or conlponents of pipeline 
systems with seislnic isolation, the relevant provisions of 1998-1 :2004 apply. 

1.2 Normative references 

(l)P This European Standard incorporates by dated or undated reference, provisions fron1 
other publications. These nOlmative references are cited at the appropriate places in the text 
and the publications are listed , For dated references, subsequent anlendnlents to or 
revisions of any of these publications apply to this European Standard only when incorporated 
in it by an1endnlent or revision, For undated references the latest edition of the publication 
referred to appJies (including an1endments), 

1.2.1 General reference standards 

EN 1990: 2002 Eurocode - Basis of structural de,)'ign. 

EN 1991-4: 2006 EUl'ocode 1 Actions on structures Part 4: Silos and tanks. 

EN 1992-1-1 : 2004 Eurocode 2 Design of concrete structures Part 1-1: General rules 
and rules for buildings, 

EN 1992-3: 2006 Eurocode 2 - Design of concrete structures - Part 3: Liquid p'etaining 
and containing structures. 

1993-1-1: 2004 Eurocode 3 - Design of steel structures Part 1-1: General rules and 
rules for buildings. 

EN 1993-1-5: 2006 Eurocode 3 Design of steel structures Part 
elements. 

. Plated structural 

EN 1993-1-6: 2006 Eurocode 3 Design of steel strllctures - Part 1-6: Strength and 
stability of shell structures. 

EN 1993-1-7: 2006 Ellrocode 3 - Design of steel structures - Part 1-7: Strength and 
stability of planar plated structures transversely loaded. 

EN 1993-4-1: 2006 Eurocode 3 - Design of steel structures Part 4-1: Silos. 

EN 1993-4-2: 2006 Eurocode 3 - Design of steel structures - Part . Tanks. 

EN 1993-4-3: 2006 Eurocode 3 Design of steel structures - Part 4-3: Pipelines. 

EN 1997-1 : 2004 Eurocode 7 - Geotechnical design - Part 1: General rules. 

1998-1 : 2004 Eurocode 8 - Design of structures for earthquake resistance Part 1: 
General rules, seismic actions and rules for buildings. 

EN 1998-2 : 2005 Eurocode 8 - Design of structures for earthquake resistance - Part 2: 
Bridges. 
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EN 1998-5 : 2004 Eurocode 8 Design of structures for earthquake resistance - Part 5: 
Foundations, retaining structures and geotechnical aspects. 

EN 1998-6 : 2005 Eurocode 8 - Design of structures for earthquake resistance Part 6: 
To H'ers , masts and chimneys. 

1.3 Assumptions 

(l)P The genera] aSSU111ptions shall be in accordance with EN 1990: 2002, 1.3. 

1.4 Distinction between principles and applications rules 

(l)P The distinction between principles and applications rules shall be in accordance with 
EN 1990: 2002, t.4. 

1.5 Terms and Definitions 

1.5. t General 

(1) For the purposes of this standard the following definitions apply. 

1.5.2 Terms common to aU Eurocodes 

(l)P The ternlS and definitions given in EN 1990: 2002, 1.5 apply. 

(2)P EN 1998-1: 2004, 1.5.1 applies for ten11S conlmon to an Eurocodes. 

1.5.3 Further terms used in EN 1998 

(1) F or the purposes of this European Standard the ten11S given in EN 1998-1: 2004, 1.5.1 
and 1.5.2 apply. 

1.5.4 Further terms used in EN 1998-4 

Independent structure: 
a structure whose structural and functional behaviour during and after a seismic event are not 
influenced by that of other structures, and whose consequences of failure relate only to the 
functions detnanded fr0111 it. 

1.6 Symbols 

(1) For the purposes of this European Standard the following symbols apply: 

AEd design value of seismic action ( = J1AEk) 

A Ek characteristic value of the seisnlic action for the reference return period 

b horizontal dimension of silo parallel to the horizontal component of the seisl11ic action 

de inside dianleter of a circular silo 

dg design ground displacelnent, as given in EN 1998-1 :2004, 3.2.2.4(1), used in expression 
(4.1 ) 
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g acceleration of gravity 

hb overall height of the silo, fron1 a flat bottonl or the hopper outlet to the equivalent 
surface of the stored contents 

q behaviour factor 

r radius of circular silo, silo C0111partment, tank or pipe 

rs* geometric quantity defined in silos through expression (3.5) as r5 * n1in(H, Brsl2) 

t thickness 

x vertical distance of a point on a silo waH froll1 a flat silo bottom or the apex of a conical 
or pyralnidal hopper 

x distance between the anchoring point of piping and the point of connection with the tank 

z vertical downward co-ordinate in a silo, nleasured frOln the equivalent surface of the 
stored contents 

a(z) ratio of the response acceleration of a silo at the level of interest, z, to the acceleration of 
gravity 

/3 angle of inclination of the hopper wall in a silo, lTIeasured froll1 the vertical, or the 
steepest angle of inclination to the vertical of the wall in a pyramidal hopper 

r bulk unit weight of particulate Inaterial in silo, taken equal to the upper characteristic 
value given in EN 1991-4:2006, Table E 1. 

n importance factor 

n) an1plification factor on forces transll1itted by the piping to region of attachnlent on tank 
wall, for the region to be designed to ren1ain elastic, see 4.5.1.3(3) 

11 minimulTI value of imposed relative displacelnent between the first anchoring point of 
piping and the tank to be taken froln given by expression (4.1) 

L1 ph,s additional nonnal pressure on the silo wall due to the response of the particulate solid to 
horizontal component of the seismic action 

L1 ph ,so reference pressure on silo walls given in 3.3(8), expression (3.6) 

f) angle (0° ~ f) < 360°) bet\veen the radial line to the point of interest on the wall of a 
circular silo and the direction of the horizontal component of the seislnic action. 

A the correction factor on base shear from the lateral force Inethod of analysis, in EN 
1998-1: 2004, 4.3.3.2.2(1). 

v reduction factor for the effects of the seislnic action relevant to the dall1age limitation 
state 

C; viscous dall1ping ratio (in percent) 

1f/2.i cOlnbination coefficient for the quasi-permanent value of a variable action i 

If/E,i combination coefficient for a variable action i, to be used when detern1ining the 
of the design seisn1ic action 

1.7 S.1. Units 
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(l)P S. L Units shan be used in accordance with ISO 1000. 

(2) In addition, the units recommended In 1998-1:2004, 1.7 apply. 
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2 GENERAL PRINCIPLES AND APPLICATION RULES 

2.1 Safety req uirements 

2.1.1 General 

(l)P This standard deals with structures which nlay differ \videly in such basic features as: 

- the nature and anlount of the contents and associated potential danger 

- the functional requirenlents during and after the seisnlic event 

the enviro111nental conditions. 

(2) Depending on the specific combination of the indicated features, different 
fornlulations of the general requirelnents are appropriate. For the sake of consistency with the 
general fralnework of the Eurocodes, the two-lilnit-states fornlat is retained, with a suitably 
adjusted definition. 

2.1.2 Ultimate linlit state 

(1)P The ultinlate lin1it state for which a systeln shall be checked is defined as that 
conesponding to structural failure. In sonle circUlnstances, partial recovery of the operational 
capacity of the system lost by exceedance of the uitinlate limit state may be possible, after an 
acceptable aillount of repairs. 

NOTE 1: The circumstances are those defined by the responsible authority or the client. 

(2)P For particular elenlents of the network, as well as for independent structures whose 
conlplete collapse would entail severe consequences, the ultilnate linlit state is defined as that 
of a state prior to sttuctural collapse that, although possibly severe, would exclude brittle 
failures and would allow for a controlled release of the contents. When the failure of the 
aforementioned eletnents does not entail severe consequences, the ultinlate hinit state may be 
defined as corresponding to total structural collapse. 

(3)P The design seislnic action for which the ultimate linlit state ll1ay not be exceeded shall 
be established based on the direct and indirect consequences of stluctural failure. 

(4)P The design seislnic action, shall be expressed in ternlS of: a) the reference SeiS111ic 
action, A Ek, associated with a reference probability of exceedance, PNCR, in 50 years or a 
reference retunl period, TNCR, (see EN 1998-1:2004, 2.1(1)P and 3.2.1(3)) and b) the 
importance factor n (see 1990:2002 and EN 1998-1:2004, 2.1(2)P, 2.1(3)P and (4)) to 
take into account reliability differentiation: 

nAEk (2. t) 

NOTE: The value 10 be ascribed to the reference retUlTI period, associated with the reterence 
seismic action for use in a country, may be found in its National Annex. The recommended value is: 
TNCR = 475 years. 

(5) The capacity of structural systelns to resist seisnlic actions at the ultinlate lilnit state in 
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the non-linear range generally pen11its their design for resistance to seisnlic forces snlaller 
than those corresponding to a linear elastic response. 

(6) To avoid explicit inelastic analysis in design, the capacity of the structural systems to 
dissipate energy, through n1ainly ductile behaviour of its elenlents and/or other 111echanisms, 
nlay be taken into account by perfonning a linear-elastic analysis based on a response 
spectrum reduced with respect to the elastic one, called "design spectrU111". This reduction is 
acconlplished by introducing the behaviour factor q, which is an approxilnation of the ratio of 
the seisn1ic forces that the structure would experience if its response was conlpletely elastic 
with 50/0 viscous danlping, to the seismic forces that may be used in the design, with a 
conventional linear-elastic analysis model, still ensuring a satisfactory perfornlance of the 
structural systenl at the uItinlate limit state. 

(7) The values of the behaviour factor q, which also account for the influence of the 
viscous dmnping being different fr0111 50/0, are given for the various types of constructions 
covered by EN 1998-4 in the relevant Sections of this Eurocode. 

2.1.3 Damage linlitation state 

(l)P Depending on the characteristics and the purposes of the structure considered, a 
damage limitation state that meets one or both of the two following perfonnance levels nlay 
need to be satisfied: 

'integrity' ; 

'minilnunl operating level'. 

(2)P In order to satisfy the 'integrity' requirenlent, the considered system, including a 
specified set of accessory elenlents integrated with it, shall rel11ain fully serviceable and leak 
proof under the relevant seislnic action. 

(3)P To satisfy the 'mininlunl operating level' requirement, the extent and anl0unt of 
danlage of the considered system, including sonle of its components, shall be lilnited, so that, 
after the operations for dmnage checking and control are carried out, the capacity of the 
systel11 can be restored up to a predefined level of operation. 

(4)P The seisillic action for which this limit state lTIay not be exceeded shall have an annual 
probability of exceedance whose value is to be established based on the following: 

- the consequences of loss of function and/or of leakage of the content, and 

the losses related to the reduced capacity of the systelTI and to the necessary repairs. 

(5)P The SeiSlTIic action for which the 'daInage limitation' state Inay 110t be exceeded shall 
have a probability of exceedance, P OLR, in 10 years and a return period, TOLR. In the absence 
of nlore precise infornlatio11, the reduction factor applied on the design seismic action in 
accordance with 2.2(3) may be used to obtain the SeiSl11ic action for the verification of the 
danlage linlitatiol1 state. 

NOTE: The values to be ascribed to or to TDLR for use in a country may be found in its National 
Annex of this docllment. The recommended values are P DLR 0% and TDLR 95 years. 
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2.1.4 Reliability differentiation 

(l)P Pipeline networks and independent structures, either tanks or silos, shall be provided 
with a level of protection proportioned to the number of people at risk and to the economic 
losses associated with their perfornlance level being not achieved. 

(2)P Reliability differentiation shall be achieved by appropriately adjusting the value of the 
annual probability of exceedance of the design seislnic action. 

(3) This adjustnlent should be inlplemented by classifying structures into different 
importance classes and applying to the reference seislnic action an inlportance factor )1, 

defined in 2.1.2(4)P and in EN 1998-1: 2004, 2.1(3)P, the value of which depends on the 
inlportance class. Specific values of the factor )1, necessary to lnodify the action so as to 
correspond to a seismic event of selected return period, depend on the seisnlicity of each 
region. The value of the importance factor )1 = 1,0 is associated to the seisnlic action with the 
reference return period indicated in 2.1.2( 4)P. 

NOTE For the dependence of the value of /1 see Note to EN 1998-1 :2004, 2.1(4) 

(4) For the structures within the scope of this standard it is appropriate to consider three 
different inlportance classes, depending on the potential loss of life due to the failure of the 
particular structure and on the econonlic and social consequences of failure. Further 
classification may be nlade within each Inlportance depending on the use and contents 
of the facility and the ilnplications for public safety. 

NOTE Importance classes I, II and HIIIV correspond 
CC3, respectively, defined in EN 1990:2002, Annex B. 

to consequences classes CC 1, CC2 and 

(5) Class I refers to situations where the risk to life is low and the econonlic and social 
consequences of failure are snlall or negligible. 

(6) Situations with lnediunl risk to life and local econonl1C or social consequences of 
failure belong to Class II. 

(7) Class III to situations with a high risk to life and large econonlic and social 
consequences of failure. 

(8) Class IV refers to situations with exceptional risk to life and extrenle economic and 
social consequences of failure. 

NOTE The values to be ascribed to YI for use in a country may be found in its National Annex. The 
values of Ji may be different for the various seismic zones of the country, depending on the seismic 
hazard conditions (see Note to EN 1998-1: 2.1 (4)) and on the public considerations detailed 
in 2.1.4. The value of J1 for importance class II by definition, equal to 1,0. For the other classes the 
recommended values of Yl are Yl = 0,8 for Importance Class I, Yl = 1.2 for importance class III and Yl = 
1,6 for importance class IV, 

(9)P A pipeline systelTI traversing a large geographical region normally encounters a wide 
variety of seismic hazards and soil conditions. In addition, a nunlber of subsysten1s nlay be 
located along a pipeline transmission systelTI, which nlay be either associated facilities (tanks, 
storage reservoirs etc.), or pipeline facilities (valves, PUlllPS, etc.). Under such circu111stances, 
critical stretches of the pipeline (for instance, less redundant parts of the system) and critica1 
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C0J11pOnents (pUl1lpS, conlpressors, control equipment, etc.) shall be designed to provide larger 
reliability with regard to seisnlic events. Other conlponents, that are less essential and for 
which sonle danlage is acceptable, need 110t be designed to such stringent criteria. 

2.1.5 System versus element reliability 

(l)P The reliability requirenlents specified in 2.1.4 shall apply to the whole systenl under 
consideration, be it constituted by a single conlponent or by a set of conlponents variously 
connected to perfornl the functions required from it. 

(2) Although a fornlal approach to system reliability analysis is outside the scope of this 
standard, the designer should give explicit consideration to the role played by the various 
elements in ensuring the continued operation of the systeln, especially when it is not 
redundant. In the case of very cOll1plex systelTIS the design should be based on sensitivity 
analyses. 

(3)P ElelTIents of the network, or of a structure in the network, which are shown to be 
critical, with respect to the failure of the systenl, shall be provided with an additional margin 
of protection, commensurate with the consequences of the failure. When there is no previous 
experience, those critical elenlents shall be experinlentally investigated to verify the 
acceptability of the design assumptions. 

(4) If more rigorous analyses are not undertaken, the additional nlm'gin of protection for 
critical elements nlay be achieved by assigning these elelnents to a class of reliability 
(expressed in ternlS of ltnportance Class) one level higher than that appropriate to the systeln 
as a whole. Alternatively the Capacity Design rules n1ay be used for the design of critica1 
elenlents of a structure in the network, taking into account the actual resistance of elen1ents 
not considered as critica1. 

2.1.6 Conceptual design 

(l)P Even when the overall seismic response is specified to be elastic, structural elements 
shall be designed and detailed for local ductility and constructed fron1 ductile nlaterials. 

(2)P The design of a network or of an independent structure shall take into consideration 
the following general aspects for nlitigation of earthquake effects: 

- functional redundancy of the systems; 

- absence of interaction of the nlechanical and electrical C01TIpOnents with the structural 
elements; 

- easy access for inspection, 111aintenance and repair of damages; 

quality control of the conlponents. 

(3) In order to avoid spreading of da111age in functionally redundant systems due to 
structural interconnection of con1ponents, the appropriate parts should be functionally 
isolated. 

(4) In case of in1portant facilities vulnerable to earthquakes, of which damage recovery is 
difficult or till1e consull1ing, replacement parts or subassenlblies should be provided. 
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2.2 Seismic action 

(l)P The SeiS111ic action to be used for the design of silos, tanks and pipelines shall be that 
defined in EN 1998-1 :2004, 3.2 in the various equivalent forn1s of site-dependent elastic 
response spectra (EN ] 998-1 :2004, 3.2.2), and tin1e-history representation (EN 1998-1 :2004, 
3.2.3.1). Additional provisions for the spatial variation of ground n10tioll for buried pipelines 
are given in Section 6. 

(2)P The seisn1ic action for which the ultin1ate li111it state shall be verified is specified in 
2.1.2(4)P. If the detern1inatio11 of the seismic action effects is based on linear-elastic analysis 
with a behaviour factor q larger than 1 according to 1998-1 :2004, 3.2.2.5(2), the design 
spectrun1 for elastic analysis shall be used in accordance with EN 1998-1: 2004, 3.2.2.5 (see 
also 2.1.2(6)P). 

(3) A reduction factor v may be applied to the design SeiS111ic action corresponding to the 
ultilnate limit state, to take into account the lower return period of the seis111ic action 
associated with the dan1age limitation state, as nlentioned in EN 1998-1:2004, 2.1 (1 )P. The 
value of the reduction factor v may also depend on the In1portance Class of the structure. 
Implicit in its use is the assu111ption that the elastic response spectrU111 of the SeiS111ic action 
under which the danlage limitation state should be verified has the san1e shape as the elastic 
response spectruln of the design seisnlic action corresponding to the uitin1ate lin1it state 
according to EN 1998-1 :2004, 2.1(1)P and 3.2.1 (3) (See EN 1998-1 :2004, 3.2.2.1(2) and 
4.4.3.2(2) ). 

NOTE The values to be ascribed to v for use in a cOllntry may be found in its National Annex. Different 
values of v may be defined for the various seismic zones of a country, depending on the seismic hazard 
conditions and on the protection of property objective. The recommended values of yare for 
importance classes I and II and v = 0,4 for importance classes III and IV. Different values may result 
from special zoning studies. 

2.3 Analysis 

2.3.1 Methods of analysis 

(1) For the structures within the scope of this standard the seisnlic actions effects should 
be detern1ined on the basis of linear behaviour of the structures and of the soil in their vicinity. 

(2) Nonlinear luethods of analysis may be used to obtain the seismic action effects for 
those special cases where consideration of nonlinear behaviour of the structure or of the 
surrounding soil is dictated by the nature of the problen1, or where the elastjc solution would 
be economically unfeasible. 

(3)P Analysis for the evaluation of the effects of the seismic action relevant to the dan1age 
limitation state shall be linear-elastic, using the elastic spectra defined in 1998-1: 2004, 
3.2.2.2 and 3.2.2.3, luultiplied by the reduction factor v refelTed to in 2.2(3). The elastic 
spectra should be entered with a \veighted average value of the viscous damping that takes 
into account the different danlping values of the different lnaterials/elements according to 
2.3.5 and to EN 1998-1: 2004, 3.2.2.2(3). 

(4) Analysis for the evaluation of the effects of the seisnlic action relevant to the ultitnate 
limit state may be linear-elastic in accordance with 2.1.2(6) and EN 1998-1:2004, 3.2.2.5, 
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using the design spectra which are specified in EN 1998-1 :2004, 3.2.2.5 for a dalTIping ratio of 
50/0. They 111ake use of the behaviour factor q to account for the capacity of the structure to 
dissipate energy, through ll1ainly ductile behaviour of its elelTIents and/or other lTIechanis111S, 
as well as the influence of viscous damping different from 5%(see also 2.1.2(6)P). 

(5)P Unless otherwise specified for particular types of structures in the relevant parts of this 
standard, the types of analysis that nlay be applied are those indicated in EN 1998-1: 2004, 
4.3.3, na111ely: 

a) the' lateral force n1ethod' of (linear-elastic) analysis (see EN 1998-1 :2004, 4.3.3.2); 

b) the 'lTIodal response spectrum ' (linear-elastic) analysis (see EN 1998-1 :2004, 4.3.3.3); 

c) the non-linear static (pushover) analysis (see 1998-1 :2004, 4.3.3.4.2); 

d) the non-linear tin1e history (dynaInic) analysis (see EN 1998-1 :20044.3.3.4.3). 

(6)P Clauses 4.3.1(l)P, 4.3.1(2), 4.3.1(6), 4.3.1(7), 4.3.1(9)P, 4.3.3.1(5) and 4.3.3.1(6) of 
EN 1998-1 :2004 shall apply for the n10delling and analysis of the types of structures covered 
by the present standard. 

(7) The' lateral force n1ethod' of linear-elastic analysis should be perfoll11ed according to 

clauses 4.3.3.2.1(1)P, 4.3.3.2.2(1) (with A=l,O), 4.3.3.2.2(2) and 4.3.3.2.3(2)P EN 1998-1: 
2004. It is appropriate for structures that respond to each cOlnponent of the SeiS111ic action 
approximately as a Single-Degree-of-Freedon1 systen1: rigid concrete) elevated tanks or 
silos on relatively flexible and alnl0st luass1ess supports. 

(8) The 'lTIodal response spectrum' linear-elastic analysis should be perfornled according 
to Clauses 4.3.3.3.1(2)P, 4.3.3.3.1 (3), 4.3.3.3.1 (4) and 4.3.3.3.2 of EN 1998-1: 2004. It is 
appropriate for structures whose response is significantly affected by contributions from 
modes other than that of a Single-Degree-of-FreedOlu systen1 in each principal direction. 

(9) Non-linear analysis, static (pushover) or dynamic (tin1e history), should satisfy EN 
1998-1: 2004, 4.3.3.4.1. 

(10) Non-linear static (pushover) analysis should be performed according to 4.3.3.4.2.2(1), 
4.3.3.4.2.3, 4.3.3.4.2.6 of EN 1998-1 :2004. 

(11) Non-linear dynan1ic (time history) analysis should satisfy EN 1998-1 :2004, 4.3.3.4.3. 

(12) The relevant provisions of EN \998-1 :2004 apply to the analysis of tanks, silos and 
individual facilities or con1ponents of pipeline systen1s that are base isolated. 

(13) The relevant provisions of EN 1998-2:2005 apply to the analysis of above-ground 
pipelines provided with seismic isolation devices between the pipeline and its supports. 

2.3.2 Interaction with the soil 

(1)P Soil-structure interaction effects shall addressed in accordance with 1998-5: 
2004, Section 6. 

NOTE Additional information on procedures for accounting for soil-structure interaction is presented in 
Informative Annex A, as well as in EN 1998-6:2005, Informative Annex C. 
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2.3.3 Damping 

2.3.3.1 Structural damping 

(1) If the datnping values are not obtained froll1 specific infornlatioll, the following values 
of the dan1ping ratio should be used in linear analysis: 

a) damage limitation state: the values specified in EN 1998-2:2005, 4.1.3(1); 

b) ultimate lin1it state: ~ = 5% 

2.3.3.2 Contents damping 

(1) The value ~ = 0,5 % may be adopted for the daInping ratio of water and other liquids, 
unless otherwise deternlined. 

NOTE: Reference to additional information for the determination of damping ratios of liquids is given 
in Informative Annex B. 

(2) F or granular materials an appropriate value for the danlping ratio should be used. In 
the absence of more specific information a value of ~ 100/0 nlay be used. 

2.3.3.3 Foundation damping 

(l) Material daInping varies with the nature of the soil and the intensity shaking. When 
more accurate deternlinations are not available, the values given in Table 4.1 of EN 1998-5: 
2004 ShOll Id be used. 

(2)P Radiation daInping depends on the direction of motion (horizontal translation, vertical 
translation, rocking, etc .. ), on the geonletry of the foundation, on soil layering and soil 
morphology. The values adopted in the analysis shall be con1patible with actual site 
conditions and shall be justified with reference to acknowledged theoretical andlor 
experimental results. The values of the radiation daInping used in the analysis shall not exceed 
a maximunl value 

NOTE: The value to be ascribed to for use in a country may be found in its National Annex. 
Guidance for the selection and use of damping values associated with different foundation motions is 
provided in EN 1998-6:2005. The recommended value i.s 25%. 

2.3.3.4 Weighted damping 

(1) The global average damping of the whole systenl should account for the contributions 
of the different tnaterials/elenlents to damping. 

NOTE Procedures for accounting for the contributions of the different materials/elements to the globaJ 
average damping of the system are presented in EN 1998-2:2005, 4.1.3(1), Note and in EN 1998-
6:2005, Informative Annex B. 

2.4 Behaviour factors 

(l)P For the danlage limitation state, the behaviour factor q shall be taken as equal to 1,0. 

NOTE: For structures covered by this standard significant energy dissipation is not expected for the 
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damage limitation state. 

(2) Use of q factors greater than 1,5 in ultirnate linlit state verifications is only al1o\ved, 
provided that the sources of energy dissipation are explicitly identified and quantified and the 
capability of the structure to exploit thenl through appropriate detailing is de1110nstrated. 

(3)P I f seismic protection is provided through seisl11ic isolation, the value of the behaviour 
factor at the ultinlate lin1it state shall be taken as not greater than q 1,5, except as provided 
in (4)P. 

(4)P If seisll1ic protection is provided through seismic isolation, q shall be taken as equal to 
1 for the fol1owing: 

a) For the design of the substructure (i.e. of the elements below the plane of isolation). 

b) For the part of the superstnlcture response of tanks which is due to the cOllvec6ve part 
of the liquid response (sloshing). 

c) For the design of the isolators. 

2.5 Safety verifications 

2.5.1 General 

(l)P Safety verifications shall be carried out for the lil11it states defined in 2.1, following the 
specific provisions in 3.5, 4.5, 5.6 and 6.5. 

(2) If plate thickness is increased to account for future corrosion effects, the verifications 
should be n1ade for both the non-increased and the increased thickness. Analysis may be 
based on a single value of the plate thickness. 

2.5.2 Combinations of seismic action with other actions 

(l)P 'The design value Ed of the effects of actions in the seismic design situation shall be 
deternlined according to EN 1990: 2002, 6.4.3.4, and the inertial effects of the design seis111ic 
action shall be evaluated according to EN 1998-1 :2004, 3.2.4(2)P. 

(2) In partial1y backfilled or buried tanks, permanent loads include, in addition to the 
weight of the structure, the weight of earth cover and any permanent external pressures due to 
ground\vater. 

(3)P The conlbination coefficients ljI2,i (for the quasi-pel111anent value of variable action i) 
shall be those given in EN 1991-4. The conlbination coefficients ljIEi, introduced in EN 1998-
I: 2004 3.2.4(2)P for the calculation of the effects of the seislnic actions, shall be taken as 
being equal to ljI2,i multiplied by a factor cp 

NOTE: The values to be ascribed to rp for use in a country may be found in its National Annex. The 
recommended values of rp are rp = 1 for full silo, tank or pipeline and rp = 0 for empty silo, tank or 
pipeline. 

(4)P The effects of the contents shall be considered in the variable loads for two levels of 
filling: enlpty or full. In batteries of silo or tank cells, different likely distributions of full and 
enlpty cells shall be considered according to the operation rules of the facility. At least, the 
design situations where all cells are either empty or full shall be considered. Only the 
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syn1metrical filling loads of silos or silo cells shall be considered in the seismic design 
situation. 
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3 SPECIFIC PRINCIPLES AND APPLICATION RULES FOR SILOS 

3.1 Introduction 

(1) A distinction is nlade between: 

- silos directly supported on the ground or on the foundation, and 

- elevated silos, supported on a skirt extending to the ground, or on a series of colLunns, 
braced or not. 

The main effect of the seisnlic action on on-ground silos are the stresses induced in the shell 
wall due to the response of the contents of the silo (see (3) and 3.3(5) to (12) for the additional 
nornlal pressures on the shell walls). The nlain concern in the seismic design of elevated silos 
is the supporting structure and its ductility and energy dissipation capacity (see 3.4(4) and 
(5)). 

(2)P The deternlination of the properties of the particulate solid stored in the silo, including 
its unit weight, y, shall be in accordance with EN 1991-4:2006, Section 4. 

NOTE: The values to be ascribed to )' for use in a country in the seismic design situation may be found 
in its National Annex. For the stored materials listed in EN 1991-4:2006, Table El, the recommended 
value of i' is the upper characteristic value of unit weight )'lI specified in that table. 

(3) Under seisnlic conditions, the pressure exerted by the particulate material on the walls, 
the hopper and the bOtt0111, 111ay increase over the value relative to the condition when there is 
no seisnl1c action. For design purposes this increased pressure is deenled to be found only 
from the inertia forces acting on the stored nlaterial due to the SeiS1Jlic action (see 3.3(5)). 

(4)P The equivalent surface of the stored contents (as defined in EN 1991-4:2006, 1.5), in 
the seismic design situation shall be consistent with the value of the combination coefficients 
~Jj~i used for the the calculation of the effects of the seisnlic actions in accordance with 
2.5.2(3)P. 

3.2 Combination of ground motion components 

(1)P In axisynlnletric silos or parts therof, only one horizontal conlponent of the seislnic 
action may be taken to act together with the vertical conlponent. In all other cases, silos shall 
be designed for Sill1ultaneous action of the two horizontal conlponents and of the vertical 
component of the seismic action. 

(2) When the structural response to each component of the seismic action is evaluated 
separately, EN1998-1 :2004, 4.3.3.5.2(4) ll1ay be applied for the detern1ination of the most 
unfavourable effect of the application of the simultaneous cOlnponents. 

(3)P If expressions (4.20), (4.21), (4.22) in EN 1998-1 :2004, 4.3.3.5.2(4) are applied for the 
calculation of the action effects of the sinlultaneous components, the sign of the action effect 
due to each individual conlponent shall be taken as the nlost unfavourable for the particular 
action effect under consideration. 

(4)P If the analysis is perfonned sin1ultaneously for the three cOlnponents of the seisnlic 
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action using a spatial 1110del of the structure, the peak values of the total response under the 
combined action of the horizontal and vertical cOlnponents obtained fron1 the analysis shall be 
used in the structural verifications. 

3.3 Analysis of si10s 

(1) Analysis of silos should be accordance with 2.3 and 3.3. 

(2)P The 1110del to be used for the detennination of the seisll1ic action effects shall 
reproduce accurately the stiffness, the Inass and the geOInetrical properties of the containment 
structure, shall account for the response of the contained particulate n1aterial and for the 
effects of any interaction with the foundation soil. The n10delling and analysis of steel si los 
shall be in accordance with EN 1993-4-1 :2006, Section 4. 

(3)P Silos shall be analysed by considering elastic behaviour of the silo shell and of its 
supporting structure, if any, unless proper justification is given for perforn1ing a nonlinear 
analysis. 

(4) Unless more accurate evaluations are undertaken, the global seisll1ic response and the 
seismic action effects in the supporting structure n1ay be calculated assunling that the 
particulate contents n10ve together with the silo shell and modelling them with their effective 
l11ass at their centre of gravity and its rotational inertia with respect to it. Unless a more 
accurate evaluation is nlade, the contents of the silo l11ay be taken to have an effective ll1ass 
equal to 80% of their total nlass. 

(5) Unless the nlechanica1 properties and the dynanlic response of the particulate solid are 
explicitly and accurately accounted for in the analysis (e.g. by using finite elenlents to Inodel 
the mechanical properties and the dynamic response of the particu1ate solid), the effect on the 
shell of the response of the particulate solid to the horizontal con1ponent of the seisl11ic action 

nlay be represented through an additiona1 nonnal pressure on the wall, Llph,s (positive for 
compression) specified in (6) to (10), under the conditions of (11) and (12). This additional 
pressure should be applied only over the part of the wall that is in contact with the stored 
contents, i.e. up to the equivalent surface of the stored contents, in the seisll1ic design situation 
(see 3.1(4)P). 

(6) In circular silos (or silo compartn1ents) the additional normal pressure on the wall may 
be taken as equal to: 

L1 ph,s= Llph,soCOS B (3.1) 

where 

L1ph,so is the reference pressure, see (8); 

B is the angle (0° ~B < 360°) between the radial line to the point of interest on the wall 
and the direction of the horizontal component of the seisnlic action. 

(7) In rectangular silos (or silo c0111partn1ents) ) the additional nonl1al pressure on the wall 
due to a horizontal cOlnponent of the seismic action parallel or nonnal to the silo walls n1ay be 
taken as equal to: 
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On the' leeward' wall which is normal to the horizontal component of the SeiS1TIic action: 

(3.2) 

On the 'windward' wall which is nornlal to the horizontal C0111pOnent of the seisnlic action: 

- Llph,so (3.3) 

On the wa]]s which are parallel to the horizontal component of the seisnlic action: 

(3.4) 

(8) At points on the silo wall at a vertical distance x frOl11 a fIat bOttOlTI or the apex of a 
conical or pyranlidal hopper, the reference pressure nlay be taken as: 

a(z)rnlin(rs *; 3x) (3.5) 

where: 

a(z) is the ratio of the response acceleration of the silo at a vertical distance z from the 
equivalent surface of the stored contents, to the acceleration of gravity; 

r is the bulk unit weight of the particulate nlaterial in the seisll1ic design situation (see 
3.1(1)P) and 

rs* is defined as: 

nlin(hb' dj2) 

where: 

(3.6) 

hb is the overall height of the silo, frOl11 a flat bottonl or the hopper outlet to the equivalent 
surface of the stored contents, and 

de is the inside dimension of the silo parallel to the horizontal component of the seismic 
action (inside diameter, de in circular silos or silo c0111partI11ents, inside horizontal 
dinlension b parallel to the horizontal component of the seismic action in rectangular 
ones). 

(9) Expression (3.6) applies for vertical silo walls. Within the height of a hopper the 
reference pressure 111ay be taken as: 

= a(z)rnlin(rs*; 3x)/cosfJ (3.7) 

where: 

fJ is the of inclination of the hopper wall, 111easured from the vertical, or the steepest 
angle of inclination to the vertical of the wall in a pyranlidal hopper. 

(l0) If only the value of the response acceleration at the centre of gravity of the particulate 
nlaterial is available (see, (4) and 2.3.1(7)) the corresponding ratio of response 
acceleration to the acceleration of gravity 111ay be used in expression (3.7) for a(z). 

(11)P At any point on the silo wall the sunl of the static pressure of the particulate material 
on the wall and of the seisnlic action effect, shall not be taken less than zero. 
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is negative (ilnplying net suction on the wall), then (6) or (7) nlay not be considered to apply. 
In that case, the additional nonnal pressures on the wall, Llph,s, should be redistributed to 
ensure that their sunl with the static pressure of the particulate material on the wall is 
everywhere non-negative, while maintaining the saIne force resultant over the same horizontal 
plane as the values of given in (6) or (7). 

3.4 Behaviour factors 

(1)P Non-base-isolated silos shall be designed according to one of the following concepts 
(see EN 1998-1 :2004, 5.2.1, 6.1.2, 7.1.2): 

a) low-dissipative structural behaviour; 

b) dissipative structural behaviour. 

(2) In concept a) the seislnic action effects nlay be calculated on the basis of an elastic 
global analysis without taking into account significant non-linear nlaterial behaviour. When 
using the design spectnun defined in EN 1998-1 :2004, 3.2.2.5, the value of the behaviour 
factor q Inay be taken up to 1,5. Design according to concept a) is ternled design for ductility 
class Low (DCL). Selection of nlaterials, evaluation of resistance and detailing of ll1embers 
and connections should be as specified in EN 1998-1 :2004, Section 5 to 7, for ducti Iity class 
Low (DCL). 

(3) Silos directly supported on the ground or 011 the foundation should be designed 
according to concept a) and (2). 

(4) Concept b) Inay be applied to elevated silos, According to this concept, the capabi lity 
of parts of the supporting structure to resist earthquake actions beyond their elastic range (lts 
dissipative zones), is taken into account. Supporting structures designed according to this 
concept should belong to ductility class Medium (OCM) or High (DCH) defined and 
described in EN 1998-1: 2004, Section 5 to 7, depending on the structural Inaterial of the 
supporting structure. They should meet the requirenlents specified therein regarding structural 
type, Inaterials and dinlensioning and detailing of melnbers or connections for ductility_ When 
using the design spectrUl11 for linear-elastic analysis defined in EN 1998-1 :2004, 3.2.2.5, the 
behaviour factor q Inay be taken as being greater than 1 The value of q depends on the 
selected ductility class (DCM or DCB). 

(5) Due to the litnited redundancy, the high axial forces due to the weight of the silo 
contents and the absence of non-structural elelnents contributing to earthquake resistance and 
energy dissipation, the energy dissipation capacity of the structural types cOlnnl0nJy used to 
support elevated silos is, in general, less than that of a sin1ilar structural type when used in 
buildings. Therefore, in concept b) the upper Jinlit value of the q factors for elevated silos are 
defined in tenl1S of the q factors specified in 1998-1 :2004, Sections 5 to 7, for the selected 
ductility class (OCM or OCH), as follows: 

- For skirt-supported silos, with the skirt designed and detailed to ensure dissipative 
behaviour; the upper limit values of the q factor defined in EN 1998-1: 2004, Sections 5 to 
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7 for inverted pendulu111 structures may be used. If the skirt is not detailed for dissipative 
behaviour, it should be designed according to concept a) and (2). 

For silos supported on monlent resisting fratnes or on franles with bracings, and for cast
in-place concrete silos supported on concrete walls which are continuous to the 
foundation, the upper linlit of the q factors are those defined for the cOlTesponding 
structural systenl in EN 1998-1:2004, Sections 5 to 7, tinles a factor equal to 0,7 for 
irregularity in elevation. 

3.5 Verifications 

3.5.1 Damage limitation state 

(l)P In the seismic design situation relevant to the daInage limitation state the silo structure 
shall be checked to satisfy the relevant serviceability linlit state verifications required by EN 
1992-1-1, EN 1992-3 and EN 1993-4-1. 

NOTE: For steel silos, adequate reliability with respect 10 the occurrence of elastic or inelastic buckling 
phenomena is considered to be provided in the seismic design situation relevant to the 
limitatiol1 state, if the verifications regarding these phenomena are satisfled under the seismic 
situation for the ultimate limit state. 

3.5.2 Ultimate limit state 

3.5.2.1 Global stability 

(I)P Overturning or bearing capacity failure of the soil shall not occur in the seismic design 
situation. The resisting shear force at the interface of the base of the structure and the 
foundation, shall be evaluated taking into account the effects of the vertical C0111pOnent of the 
seisnl1c action. Limited sliding may be acceptable, if it is demonstrated that the inlplications 
of sliding for the connections between the various parts of the structure and bet\veen the 
structure and any piping are taken into account in the analysis and the verjfications (see also 
EN 1998-5: 2004, 5.4.1.1(7)). 

(2)P For uplift of on-ground silos to be considered acceptable, it shall be taken into account 
in the analysis and in the subsequent verifications of the structure, of any piping and of the 
foundation in the assessnlent of overall stability). 

3.5.2.2 Shell 

(l)P The ll1axinlU1n action effects (nlelnbrane forces and bending mOlnents, circmnferential 
or nleridional, and ll1elllbrane shear) induced in the seislnic design situation shall be less or 
equal to the resistance of the shell evaluated as in the persistent or transient design situations. 
This includes all types of failure Inodes. 

(a) For steel shells: 

yieJding (plastic collapse), 

buckling in shear, or 
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- buckling by vertical con1pression with sin1ultaneous transverse tension ("elephant foot' 
mode of failure), etc. 

(see EN 1993-4-1 :2006, Sections 5 to 9). 

(b) For concrete shells: 

- the ULS in bending with axial force, 

- the ULS in shear for in-plane or radial shear, etc. 

(2)P The calculation of resistances and the verifications shall be carried out in accordance 
with EN 1992-1-1, EN 1992-3, EN 1993-1-1, EN 1993-1-5, EN 1993-1-6, EN 1993-1-7 and 
EN 1993-4-1. 

3.5.2.3 Anchors 

(l)P Anchoring systems shall generally be designed to relnain elastic in the seismic design 
situation. However, they shall also be provided with sufficient ductility, so as to avoid brittle 
failures. The connection of anchoring elements to the structure and to its foundation shall have 
an overstrength factor of not less than 1,25 with respect to the resistance of the anchoring 
e1elnents. 

(2) If the anchoring system is part of the dissipative n1echanisms, then it should be 
verified that it possesses the necessary ductility capacity. 

3.5.2.4 Foundations 

(l)P The foundation shall be verified according to EN 1998-5:2004,5.4 and to EN 1997-1. 

(2)P The action effects for the verification of the foundation and of the foundation elen1ents 
shall be derived in accordance with EN 1998-5 :2004, 5.3.1, EN 1998-1 :2004, 4.4.2.6 and 5.8. 
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4 SPECIFIC PRINCIPLES AND APPLICATION RULES FOR TANKS 

4.1 Compliance criteria 

4.1.1 General 

(l)P The general requirelnents specified in 2.1 are deen1ed to be satisfied if, in addition to 
the verifications specified in 4.4, tanks conforn1 to the con1plen1entary n1easures specified in 
4.5. 

(2) The con1pliance criteria and application rules given in this Section do not fully cover 
the case of steel tanks with t10ating roofs. 

NOTE: Special attention is needed to avoid damage to the shell due to local effects of the impact by the 
floating roof. Such effects may calise a fire in tanks \vith combustible contents. 

4.1.2 Damage limitation state 

(l)P In order to satisfy the 'integrity' requiren1ent under the seisnlic action relevant to the 
damage lilTIitation state: 

Leak tightness of the tank system shall be verified; 

adequate freeboard shall be provided in the tank under the Inaxin1um vertical displacen1ent 
of the liquid surface, in order to prevent damage to the roof due to the pressure of the 
sloshing liquid or, if the tank has no rigid roof, to prevent undesirable effects of spilling of 
the liquid; 

- the hydraulic systenls which are part of, or are connected to the tank, shall be verified to 
accon11110date stresses and distortions due to relative displacements between tanks or 
between tanks and soil, without their functions being impaired. 

(2)P In order to satisfy the 'lninimUlTI operating level' requirelnent under the SeiS111ic action 
relevant to the danlage 1in1itation state, it shall be verified that local buckling, if it occurs, does 
not trigger collapse and is reversible. 

4.1.3 Ultimate limit state 

(l)P The following conditions shall be verified in the seismic design situation: 

The overall stability of the tank shall be verified in accordance with EN 1998-1: 2004, 
4.4.2.4. The overall stability refers to rigid body behaviour and ll1ay be in1paired by 
sliding or overturning. A lin1ited aInount of sliding may be accepted in accordance with 
EN 1998-5: 2004, 5.4.1.1(7), if tolerated by the pipe system and if the tank is not anchored 
to the foundation. 

Inelastic behaviour is restricted to well-defined parts of the tank, in accordance with the 
provisions of the present standard. 

The ultill1ate defonnations of the nlaterials are not exceeded. 
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The nature and the extent of buckling phenOluena in the shell are controlled according to 
the relevant verifications. 

The hydraulic systems which are part of, or connected to the tank are designed so as to 
prevent loss of the contents of the tank in the event of failure of any of its components. 

4.2 Combination of ground motion components 

(l)P Tanks shall confornl to 3.2(l)P. 

(2) Tanks should conform to 3.2(2). 

(3)P Tanks shall conform to 3.2(3)P. 

4.3 Methods of analysis 

4.3.1 General 

(l)P The 1110del to be used for the deternlination of the seismic efIects shall reproduce 
properly the stiffness, the strength, the daIuping, the nlass and the geometrical properties of 
the containnlent structure, and shall account for the hydrodynanlic response of the contained 
liquid and, where necessary, for the effects of interaction with the foundation soil. 

NOTE The parameters of soil-liquid-structure-interaction may have a significant inlluence on the 
natural frequencies and the radiation damping in the soil. With increasing shear wave velocity of the 
soil, the vibration behaviour changes from a horizontal vibration combined with rocking influenced by 
the soil to the typical vibration mode of a tank on rigid soil. For highly stressed tank structures or for the 
case of dangerous goods a global (three-dimensional) may be necessary. 

(2) Tanks should be generally analysed assunling linear elastic response. In particular 
cases nonlinear response Inay be justified by appropriate Inethods of analysis. 

NOTE Information on methods for seismic analysis of tanks of usual shapes is provided in Informative 
Annex A. 

(3) Possible interaction between different tanks due to connecting plpmg should be 
considered whenever relevant. 

4.3.2 Hydrodynamic effects 

(l)P A rational nlethod based on the solution of the hydrodynanlic equations with the 
appropriate boundary conditions shall be used for the evaluation of the response of the tank 
systenl to the seismic action. 

(2)P In particular, the analysis shall properly account for the following, where relevant: 

the convective and the inlpulsive components of the motion of the liquid; 

the defolmation of the tank shell due to the hydrodynamic pressures and the interaction 
effects with the ilnpulsive conlponent; 

the defomlabi1ity of the foundation soil and the ensuing modification of the response 
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- the efTects of a floating roof, if relevant. 

(3) For the purpose of evaluating the dynmTIic response under seismic actions, the liquid 
nlay be generally assumed as incompressible. 

(4) Deternlination of the lTIaxinlUm hydrodynanlic pressures induced by horizontal and 
vertical excitation requires, in principle, use of nonlinear dYl1atl1ic (tinle-history) analysis. 
Sinlplified nlethods allowing for a direct application of the response spectrunl analysis nlay be 
used, provided that suitable conservative rules for the conlbination of the peak lTIodal 
contributions are adopted. 

NOTE Informative Annex A information on acceptable procedures for the combination of the 
peak modal contributions in response spectrum It also gives expressions for the calculation of 
the sloshing wave height 

4.4 Behaviour factors 

(1)P Tanks of type other than those nlentioned in (4)P and (5) shall be either designed for 
elastic response (q up to 1,5, accounting for overstrength), or, in properly justified cases, for 
inelastic response (see 2.3.1(2»), provided that it is denlonstrated that inelastic response is 
acceptable. 

(2)P The energy dissipation cOlTesponding to the selected value of q shall be properly 
substantiated and the necessary ductility provided through ductile design. 

(3)P The convective part of the liquid response (sloshing) shall always be evaluated on the 
basis of elastic response (i .e. with q = 1,0) and of the associated spectra (see EN 1998-1: 2004, 
3.2.2.2 and 3.2.2.3). 

(4) The behaviour factors specified in 3.4 should be applied also to the part of the 
response of elevated tanks which is not due to sloshing of the liquid. For that part, the rules 
specified in 3.4(4) for skirt-supported silos apply also to elevated tanks on a single pedestal. 

(5) Steel tanks (unless base-isolated) which have a vertical axis and are supported directly 
on the ground or on the foundation, nlay be designed with a behaviour factor q greater than 
I subject to the following: 

- the part of the response which is due to sloshing of the liquid, should be taken with q 
1,0. 

the tank or its foundation is designed to allow uplift andlor sliding 

- localisation of plastic defomlations in the shell wall, the bOtt0111 plate or their intersection 
is prevented. 

Under these conditions, the behaviour factor q 11lay be taken as not larger than the following 
values, unless the inelastic response is evaluated by a more refined approach: 

2,0 for unanchored tanks, provided that the design rules of EN 1993-4-2:2006 are fulfilled, 
especially those concerning the thickness of the bottom plate, which should be less than 
the thickness of the lower part of the shell. 
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2,5 for tanks with specially designed ductile anchors allowing an increase in anchor length 
without rupture equal to R1200, where R is the tank radius. 

4.5 Verifications 

4.5.1 Damage limitation state 

4.5.1.1 General 

(l)P Under the seisnlic action relevant to the damage linlitation state, the tank structure 
shall satisfy the serviceability lilnit state verifications specified in EN 1992-3 and EN 1993-4-
2, as relevant. 

4.5.1.2 Shell 

4.5.1.2.1 Reinforced and prestressed concrete shells 

(1) Under the seismic action relevant to the damage limitation state, crack widths should 
be verified against the limit values specified in EN 1992-1-1: 2004, 4.4.2, taking into account 
the appropriate environlnental exposure class and the sensitivity of the steel to corrosion. 

(2) In case of lined concrete tanks, transient concrete crack widths should not exceed a 
value that might induce local defornlation in the liner exceeding 500/0 of its ultinlate uniform 
elongation. 

4.5.1.2.2 Steel shells 

(1) Steel tanks should confonn to 3.5.1(2). 

4.5.1.3 Piping 

(1) Unless special requirenlents are specified for active on-line conlponents, such as 
valves or PU111PS, piping does not need to be verified for the damage liInitation state. 

(2)P Relative displacenlents due to differential seislnic nlovenlents of the ground shal1 be 
accounted for, if the piping and the tank(s) are supported on different foundations. 

(3) The region of the tank where the piping is attached to should be designed to ren1ain 

elastic under the forces translnitted by the piping amplified by a factor n) 1· 

NOTE The value to be ascribed to the amplification factor X)I for use in a country, may be t()Und in its 
National Annex. The recommended value is: J1)1 = 1,3. 

4.5.2 Ultimate limit state 

4.5.2.1 Stability 

(I)P Tanks sha1l conforn1 to 3.5.2.1(1)P. 

(2)P Tanks sha1l confonn to 3.5.2.1(2)P. 

4.5.2.2 Shell 
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(I)P Tanks shall conforn1 to 3.5.2.2(1 )P. 

NOTE information for the ultimate strength capacity of the shell, as controlled by variolls failure 
modes, is given in Informative Annex A. 

4.5.2.3 Piping 

(1) If reliable data are not available or more accurate analyses are not n1ade, a relative 
displacen1ent between the first anchoring point of the piping and the tank should be postulated 
to take place in the n10st adverse direction, with a n1ininlum value of: 

(4.1) 
xo 

where: 

x distance between the anchoring point of the piping and the point of connection with the 
tank (in meters); 

Xo = 500 n1; and 

dg = design ground displacement as given in EN 1998-1: 2004, 3.2.2.4(1). 

(2)P It shall be verified that in the seisnlic design situation, including the postulated relative 
displacements of (1), yielding is restricted to the piping and does not extend to its connection 
to the tank, even when an overstrength factor rp2 on the design resistance of the piping is taken 
into account. 

NOTE The value to be ascribed to the overstrength factor ii1~ for Llse in a country, may be found in its 
National Annex. The recommended value is: ii)2 

(3)P The design resistance of piping elements shall be evaluated as in the persistent or 
transient design situations. 

4.5.2.4 Anchorages 

(1)P Tanks shall confonn to 3.5.2.3(1)P. 

4.5.2.5 Foundations 

(l)P Tanks shall confornl to 3.5.2.4(l)P. 

(2)P Tanks shall confornl to 3.5.2.4(2)P. 

4.6 Conlplementary measures 

4.6.1 Bunding 

(1)P Tanks, single or in groups, which are designed to control or avoid leakage in order to 
prevent fire, explosions and release of toxic nlaterials shall be bunded (i.e. shall be surrounded 
by a ditch and/or an e1TJbanknlent). 

(2)P If tanks are built in groups, bunding may be provided either to every individual tank or 
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to the whole group. If the consequences associated with potential failure of the bund are 
considered to be severe, individual bunding shall be used. 

(3)P The bunding shall be designed to retain its full integrity (absence of leaks) under the 
design seislnic action relevant to the ultinlate linlit state of the enclosed systenl. 

4.6.2 Sloshing 

(l)P In the absence of explicit justifications (see 4.1.2(1)P), a freeboard shall be provided 
having a height not less than the calculated height of the slosh waves. 

NOTE: Information on procedures to determine the sloshing ,,\/ave height are presented in Informative 
AnnexA. 

(2)P Freeboard at least equal to the calculated height of the slosh waves shall be provided, 
if the contents are toxic, or if spilling could cause danlage to piping or scouring of the 
foundation. 

(3) Freeboard less than the calculated height of the slosh waves may be sufficient, jf the 
roof is designed for the associated uplift pressure or if an overflow spillway is provided to 
control spilling. 

(4) Damping devices, as for exanlple grillages or vertical partitions, lnay be used to reduce 
sloshing. 

4.6.3 Piping interaction 

(l)P The piping shall be designed to miniInize unfavourable effects of interaction between 
tanks and between tanks and other structures. 
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5 SPECIFIC PRINCIPLES AND APPLICATION RULES FOR ABOVE-GROUND 
PIPELINES 

5.1 General 

(I) This section ain1s at providing principles and application rules for the SeiSll1ic design 
of the structural aspects of above-ground pipeline systenls. This section may also be used as a 
basis for evaluating the resistance of existing above-ground piping and to assess any required 
strengthening. 

(2) The SeiSll1ic design of an above-ground pipeline cOlnprises the establishnlent of the 
location and characteristics of the supports in order to lilnit the strain in the piping 
components and to 1ilnit the loads applied to the equipn1ent located on the pipeline, such as 
valves, tanks, pun1ps or instrunlentation. Those lin1its are not defined in this standard and 
should be provided by the owner of the facility or the manufacturer of the equiplnent. 

(3) Pipeline syste111S usually cOlTIprise several associated facilities, such as pumping 
stations, operation centres, 111aintenance stations, etc., each of thenl housing different types of 
111echanical and electrical equipnlent. Since these facilities have a considerable influence on 
the continued operation of the system, it is necessary to give thenl adequate consideration in 
the seisnlic design process aimed at satisfying the overall reliability requirenlents. Explicit 
treatnlent of these facilities, however, is not within the scope of this standard. In fact, son1e of 
those facilities are covered in EN 1998-1, while the seismic design of mechanical and 
electrical equipll1ent requires additional specific criteria that are beyond the scope of 
Eurocode 8 (see 1.1(8) for the seismic protection of individual facilities or components of 
pipeline systen1s through SeiS111ic isolation). 

(4)P For the formulation of the genera] requirements to follow, as well as for their 
implenlentation, pipeline systen1s shall be distinguished as follows: 

single lInes 

redundant networks. 

(5)P A pipeline shall be considered as a single line when its behaviour during and after a 
SeiS111ic event is not influenced by that of other pipelines, and if the consequences of its failure 
relate only to the functions denlanded from it. 

5.2 Safety requirements 

5.2.1 Damage limitation state 

(I)P Pipeline systelTIS shall be constructed in such a way as to be able to n1aintain their 
supplying capability as a global servicing system, after the seismic action relevant to the 
'nlininlun1 operating level' (see 2.1.3), even with considerable local damage. 

(2) A global deformation of the piping not greater than 1,5 tin1es its yield defonnation is 
acceptable, provided that there is no risk of buckling and the loads applied to active 
equipnlent, such as valves, pun1ps, etc., are within its operating range. 
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5.2.2 U Jtimate lintit state 

(l)P The lTIaill safety hazard directly associated with the pipeline rupture during a seismic 
event is explosion and fire, particularly with regard to gas pipelines. renloteness of the 
location and the exposure of the population to the ilTIpact of rupture shall be taken into 
account in establishing the level of the seisnlic action relevant to the ultimate limit state. 

(2)P For pipeline systenls in environnlentally sensitive areas, the danlage to the 
environlnent due to pipeline ruptures shall also be taken into account in the definition of the 
acceptable risk. 

5.3 Seismic action 

5.3.1 General 

(l)P The following direct and indirect seismic hazard types are relevant for the seisll1ic 
design of above-ground pipeline systelns: 

- Movenlent due to the inertia of the pipelines induced by the seislnic lTIOVenlent applied to 
their supports. 

- DifferentiallTIovelnent of the supports of the pipelines. 

(2) For differential 1110vement of supports two different situations may exist: 

For supports which are directly on the ground, significant differential 1110venlent IS 

possible only if there are soil failures and/or permanent defonnations 

For supports which are located on different structures, the selsnllC response of the 
structure may create differential nlovelnents on the pipeline; 

5.3.2 Seislnic action for inertia movements 

(l)P The quantification of the horizontal components of the seisnlic action shall be carried 
out in terms of the response spectruln (or a cOlTIpatible tinle history representation) as 
specified in EN 1998-1: 2004, 3.2.2. 

(2) Only the three translational cOlllponents of the seislnic action should be taken into 
account (i.e., the rotational components lTIay be neglected). 

5.3.3 Differential movement 

(1) When the pipeline is supported directly on the ground, the differential nlovenlent 111ay 
be neglected, except when soil failures or pennanent defonl1ations are likely to occur. In that 
case the atnplitude of the 1110velnent should be evaluated with appropriate techniques. 

(2) When the pipeline is supported on different structures, their differentlal movelnent 
should be defined frOlTI their seismic response analysis or by silnplified envelope approaches. 

5.4 Methods of analysis 
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5.4.1 l\tlodelling 

(l)P The model of the pipeline shall be able to represent the stiffness1 the dan1ping and the 
111ass properties, as well as the dynanl1c degrees of freedolTI of the systenl, with explicit 
consideration of the following aspects, as appropriate: 

tlexibility of the foundation soil and foundation systelTI; 

- lTIaSS of the tluid inside the pipeline; 

- dynamic characteristics of the supporting structures; 

- type of connection between pipeline and supporting structure; 

- joints along the pipeline and between the supports. 

5.4.2 Analysis 

(1) Above ground pipelines nlay be analysed by means of the 1110da] response spectrUlTI 
analysis with the associated design response spectrmTI as given in EN 1998-1: 2004, 3.2.2.5., 
c0l11bining the lTIodal responses according to EN 1998-1: 20041 4.3.3.3.2. 

NOTE Additional rules regarding the combination of modal responses, namely for the use of the 
Complete Quadratic Combination is given in EN 1998-2:2005,4.2.1.3. 

(2) Time history analysis with spectrum cOlTIpatible accelerogranls in accordance with EN 
1998-1: 2004, 3.2.3 Inay also be applied. 

(3) The "lateral force nlethod" of (linear-elastic) analysis nlay also be applied, provided 
that the value of the applied acceleration is justified. A value equal to 1,5 til11eS the peak of the 
spectrunl applying at the support is acceptable.The principles and application rules specified 
in EN 1998-1: 2004, 4.3.3.2, nlay be applied if considered appropriate. 

(4)P The SeiSlTIic action shall be applied separately along two orthogonal directions 
(transverse and longitudinal, for straight pipelines); the lTIaxinlUlTI combined response sha11 be 
obtained in accordance with EN 1998-1: 2004, 4.3.3.5.1(2) and (3). 

(5)P Spatial variability of the 1110tion shall be considered whenever the length of the 
pipeline exceeds 600 111 or when geological discontinuities or n1m'ked topographical changes 
are present. 

(6) The principles and application rules in EN 1998-2:20051 3.3 Inay be used to take into 
account the spatial variability of the n10tion. 

NOTE Additional models to take into account the spatial variability of the motion are given in EN 
1998-2:2005, Informative Annex D. 

5.5 Behaviour factors 

(1) The dissipative capacity of an above-ground pipeline1 if any, is restricted to its 
supporting structure, since it is both difficult and inconvenient to develop energy dissipation 
in the supported pipes, except for welded steel pipes. On the other hand, shapes and 11laterial 
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used for the supports vary widely, which n1akes it unfeasible to establish values for the 
behaviour factors with general applicability. 

(2) For the suppOliing structures of non-seisnlically-isolated pipelines, appropriate values 
of q n1ay be taken fronl EN 1998-1 and EN 1998-2, on the basis of the specific layout, 
material and level of detailing. 

(3) Welded steel pipelines exhibit significant deformation and dissipation capacity, 
provided that their thickness is sufficient. For non-seismically-isolated pipelines which have a 
radius over thickness ra60 (rlt) of less than 50, the behaviour factor, q, to be used for the 
verification of the pipes may be taken as equal to 3,0. If the rlt ratio is less than 100, q may be 
taken as equal to 2,0. Otherwise, the value of q for the design of the pipeline may not be taken 
greater than 1 

(4) For the verification of the supports, the seisl11ic action effects derived fron1 the 
analysis should be lllultiplied by (l +q)/2, where q is the behaviour factor of the pipeline used 
in its design. 

5.6 Verifications 

(l)P The load effect induced in the supporting eleillents (piers, fraITIes, etc) in the SeiS111ic 
design situation shall be less than or equal to the design resistance evaluated as for the 
persistent or transient design situation. 

(2)P Under the nlost unfavourable combination of axial and rotational defo1111ations, due to 
the application of the seisnlic action relevant to the 'minimUlll operating level' requirenlent, it 
shall be verified that the joints do not suffer danlage that may cause loss of tightness. 
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6 SPECIFIC PRINCIPLES AND APPLICATION RULES FOR BURIED 
PIPELINES 

6.1 General 

(l) This Section ain]s at providing principles and application rules for the seismic design 
and for the evaluation of the earthquake resistance of buried pipeline systems .. 

(2) though distinction can be n1ade among different pipeline systems, like for 
instance single lines and redundant systelns, for the sake of practicality a pipeline is 
considered here as a single line jf its n1echanical behaviour during and after the seismic event 
is not influenced by that of other pipelines, and if the consequences of its possible failure 
relate only to the functions delnanded fro111 it. 

(3) Networks are often too extensive and cOl11p]ex to be treated as a whole, and it is both 
feasible and convenient to identify separate networks within the overall network. The 
identification 111ay result fron1 the separation of the larger scale part of the system (e.g. 
regional distribution) frOI11 the finer one (e.g. urban distribution), or fronl the distinction 
between separate functions acco111plished by the same systenl. 

(4) As an exan1ple of (3), an urban water distribution systenl nlay be separated into a 
network serving street fire extinguishers and a second one serving private users. The 
separation would facilitate providing different reliability levels to the two systems. It is to be 
noted that the separation is related to functions and it is therefore not necessarily physical; two 
distinct networks can have several elelnents in conlmon. 

(5) The design of pipeline networks involves additional reliability requirelnents and 
design approaches with respect to those provided in the present standard. 

6.2 Safety requirelnents 

6.2.1 Dalnage linlitation state 

(l)P Buried pipeline systenls shall be designed and constructed in such a way as to 
maintain their integrity or some of their supplying capacity after the seislnic events relevant to 
the danlage lilnitation state (see 2.1.3), even with considerable local danlage. 

6.2.2 Ultimate limit state 

(l)P Buried pipelines shall conforn1 to 5.2.2(1 )P. 

(2)P Buried pipelines shall conform to 5.2.2(2)P. 

6.3 Seisnlic action 

6.3.1 General 

(1)P The seismic design of buried pipeline systen1s shall take into account the following 
direct and indirect seismic hazard types: 
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a) seislnic waves propagating on firnl ground and producing different ground shaking 
intensity at distinct points on the surface and spatial soil deformation patterns within the soil 
mediunl; 

b) pernlanent deforn1ations induced by earthquakes such as se1S1111C fault displacenlents, 
landslides, ground displacelnents induced by liquefaction. 

(2)P The general requirements regarding damage lin1itation and the ultinlate limit state shall 
be satisfied for all of the types of hazards specified in (1 )P. 

(3) F or the hazards of type (b) specified in (l)P it 111ay be generally assumed that 
satisfaction of the ultinlate liruit state provides also fu1fi1nlent of the damage I imitation 
requirements, so that only one verification may be perfOlmed. 

(4) The fact that pipeline systen1s traverse or extend over large geographical areas and 
need to connect certain locations, does not always allow the best choices regarding the nature 
of the supporting soil. Furthennore, it may not be feasible to avoid crossing potentially active 
faults, or avoid soils susceptible to liquefaction or areas that nlight be affected by seisnlically 
induced landslides and large differential pernlanent defOlmations of the ground. 

(5) The situation described in (4) is clearly at variance with that of other structures, for 
which a requisite for the very possibility to build is that the probability of soil failures of any 
type be negligible. Accordingly, in 1110st cases, the occurrence of hazards of type (b) specified 
in (l)P cannot be ruled out. Based on available data and experience, reasoned assun1ptions 
should used to define a nl0del for that hazard. 

6.3.2 Seismic action for inertia movements 

(1)P The quantification of the c0111ponents of the earthquake vibrations shall be In 
accordance with 2.2. 

6.3.3 Modelling of seismic waves 

(l)P A nlodel for the seismic waves shall be established, froln which soil strains and 
curvatures affecting the pipeline can be derived 

NOTE: Informative Annex B provides methods for the calculation of strains and curvatures in the 
pipeline for some cases, under certain simplifying assumptions. 

(2) Ground vibrations in earthquakes are caused by a nlixture of shear, dilatational, Love 
and Rayleigh waves. Wave velocities are a function of their travel path through lower and 
higher velocity ll1aterial. Different particle motions associated with these wave types n1ake the 
strain and curvature in the pipeline also depend upon the angle of incidence of the waves. A 
general rule is to assun1e that sites located in the proximity of the epicentre of the earthquake 
are more affected by shear and dilatational \vaves (body waves), while for sites at a larger 
distance, Love and Rayleigh waves (surface waves) tend to be 1110re significant. 

(3)P The selection of the waves to be taken into account and of the corresponding wave 
propagation velocities shall be based on geophysical considerations. 

6.3.4 Permanent soil movenlents 
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(l)P The ground rupture patterns associated with earthquake induced ground n10vements, 
either due to surface faulting or landslides, are likely to be cOinplex, showing substantial 
variations in displacenlents as a function of the geologic setting, soil type and the Inagnitude 
and duration of the earthquake. The possibility of such phenon1ena occulTing at given sites 
shall be established and appropriate n10dels shall be defined (see EN 1998-5). 

6.4 l\1ethods of analysis (wave passage) 

(l)P It is acceptable to take advantage of the post-elastic defonnation of pipelines. The 
deforn1ation capacity of a pipeline shall be evaluated. 

i\OTE An acceptable analysis method for buried pipelines on stable soil, based on approximate 
assumptions of (he characteristics of ground is given in Informative Annex B. 

6.5 Verifications 

6.5.1 General 

(1) Pipelines buried in stable and sufficiently h01110geneous soil n1ay be checked only for 
the soil deforn1ations due to wave passage. 

(2)P Buried pipelines crossing areas \vhere soil failures or concentrated distortions are 
possible, like lateral spreading, liquefaction, landslides and fault movements, shaH be 
designed to resist these pheno111ena. 

6.5.2 Buried pipelines on stable soil 

(l)P The response quantities to be obtained frOin the analysis shall include the maxin1um 
values of axial strain and curvature and, for unwelded joints (reinforced concrete or 
prestressed pipes) the rotations and the axial deformations at the joints. 

(2)P In welded steel pipelines the con1bination of axial strain and curvature due to the 
design seisluic action shall be cOll1patible with the available ductility of the n1aterial in tension 
and with the local and global buckling resistance in con1pression: 

allowable tensile strain: 30/0; 

allowable cOlupressive strain: Inin {1 %; 20th- (%)} ; 

where t and r are the thickness and radius of the pipe respectively. 

(3)P In concrete pipelines, under the Inost unfavourable cOlnbination of axial strain and 
curvature due to the design seismic action, the lilniting strains specified in EN 1992-1 1 for 
concrete and steel shall not be exceeded. 

(4)P In concrete pipelines, under the most unfavourable combination of axial strain and 
curvature due to the seismic action relevant to the damage lin1itation state, the tensile strain of 
the reinforcing steel shall not exceed values that ll1ay result in residual crack widths 
incoll1patible with the leak-tightness requiren1ents. 

(5)P Under the 1110st unfavourable conlbination of axial and rotational defornlations, the 
joints in the pipeline shall not suffer dan1age incOlnpatible with the specified dan1age 
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li111itation requirelnents. 

6.5.3 Buried pipelines under differential ground movements (welded steel pipes) 

(I)P The segnlent of the pipeline defornled by the displacen1ent of the ground, either due to 
fault 1110ve111ent or caused by a landslide or by lateral spreading, shall verified not to 
exceed the available ductility of the Inaterial tension and not to buckle locally or globally in 
compression. The lin1it strains shall be in accordance with 6.5.2. 

6.6 Design Jneasures for fault crossings 

(1) The decision to apply special fault crossing designs for pipelines where they cross 
potentially active fault zones depends upon cost, fault activity, consequences of rupture, 
environnlental in1pact and possible exposure to other hazards during the life span of the 
pipeline. 

(2) In the design of a pipeline for fault crossing, the considerations in (3) to (9) will 
generally improve the capability of the pipeline to sustain differential n10venlents along the 
fault. 

(3) Where practical, a pipeline crossing a strike-slip fault should be oriented in such a way 
as to place the pipeline in tension. 

(4) The angle of intersection of reverse faults should be as s111a11 as possible, to nlinill1ize 
conlpression strains. If significant strike-slip displacenlents are also anticipated, the fault 
crossing angle of the pipeline should be chosen to pronl0te tensile elongation of the line. 

(5) In fault zones the depth at which the pipeline is buried should be ll1inimized in order to 
reduce soil restraint on the pipeline during fault Inove1nent. 

(6) An increase in pipe wall thickness will increase the pipeline's capacity for fault 
displacenlent at a given level of nlaximum tensile strain. Within 50 n1 on each side of the fault 
relatively thick-walled pipe shou1d be used. 

(7) Reduction of the angle of interface friction between the pipeline and the soil increases 
the pipeline's capacity for fault displacement at a given level of InaxilnU111 strain. The angle of 
interface friction can be reduced through a hard, slnooth coating. 

(8) Close control shou1d be exercised over the backfill surrounding the pipeline over a 
distance of 50 m on each side of the fault. In general, a loose to nlediu111 granular soil without 
cobbles or boulders will be a suitable backfill material. If the existing soil differs substantially 
from this, oversize trenches should be excavated for a distance of approxinlately 15 111 on each 
side of the fault. 

(9) For welded steel pipelines, fault tTIovement can be aCCOnlt110dated by utilising the 
ability of the pipeline to defonl1 well into tbe inelastic range in tension, in order to confornl 
without rupture to the ground distortions. Wberever possible, pipeline alignJ11ent at a fault 
crossing should be selected sucb that the pipeline will be subjected to tension plus a nl0derate 
amount of bending. Alignnlents which might place the pipeline in conlpression should be 
avoided to the extent possible, because the ability of the pipeline to withstand c0111pressive 
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strain without rupture is significantly less than that for tensile strain. Any compressive strains 
should be linlited to that strain which would cause wrinkling or local buckling of the pipeline. 

(l0) In all areas of potential ground rupture, pipelines should be laid in relatively straight 
sections, avoiding sharp changes in direction and elevation. To the extent possible, pipelines 
should be constructed without field bends, elbows and flanges that tend to anchor the pipeline 
to the ground. 
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ANNEX A (INFORMATIVE) 

SEISI\1IC ANALYSIS PROCEDURES FOR TANKS 

A.1 Introduction and scope 

This Annex provides information on seisnlic analysis procedures for tanks subjected to 
horizontal or vertical seismic action, having the following characteristics: 

a) cylindrical shape, with vertical axis and circular or rectangular cross-section; 

b) rigid or flexible foundation; 

c) full or partial anchorage to the foundation. 

Extensions for elevated tanks or cylindrical tanks with horizontal axis are briefly discussed. 

A rigorous analysis of the phenomenon of dynanlic interaction between the 1110tion of the 
contained fluid, the defonnation of the tank walls and that of the underlying foundation soil, 
including possible uplift, is a problen1 of considerable analytical conlplexity requiring 
unusually high conlputational resources and efforts, Several analysis procedures have been 
proposed, valid for specific design situations. Since their accuracy is problen1-dependent, a 
proper choice requires a certain an10unt of specialized knowledge fronl the designer. Attention 
is called to the importance of a unifonD level of accuracy across the design process: it would 
not be consistent, for example, to use an accurate solution for the detern1ination of the 
hydrodynamic pressures, and then not to use a cOlTespondingly refined n1echanical n10del of 
the tank (e.g., a finite elelnent Inodel) for evaluating the stresses due to the pressures. 

A.2 Rigid vertical circular tanks on-ground, fixed to the foundation 

A.2.1 Horizontal seismic action 

A.2.1.1 General 

The motion of the fluid contained in a rigid cylinder n1ay be expressed as the sun1 of two 
separate contributions, called 'rigid in1pulsive', and 'convective', respectively. The 'rigid 
impulsive' con1ponent satisfies exactly the boundary conditions at the walls and the bottonl of 
the tank, but gives (incolTectly, due to the presence of the waves in the dynan1ic response) 
zero pressure at the original position of the fl'ee surface of the fluid in the static situation. The 
'convective' term does not alter those boundary conditions that are already satisfied, while 
fulfilling the correct equilibrium condition at the free surface. Use is made of a cylindrical 
coordinate systeln: r, Z, 8, with origin at the centre of the tank bottom and the z axis vertical. 
The height of the tank to the original of the free surface of the fluid and its radius are denoted 
by Hand R, respectively, p is the mass density of the fluid, while c; = rlR and c; = z/H are the 
nondimensional coordinates. 

A.2.l.2 Rigid impulsive pressure 

The spatial-telnporal variation of the 'rigid in1pulsive' pressure is given by the expression: 

(A. I) 
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where: 

in which: 

211 + 1 
vn =--7[; r=HIR 

2 

11 (.) and 1: C) denote the n10dified Bessel function of order 1 and its derivatives. 
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Figure A.l- Variation of the impulsive pressure (normalized to pR ag) for three values 
of y= HIR. a) variation along the height; b) radial variation on the tank bottom. 

Ag(t) in expression (A.I) is the ground acceleration time-history in the free-field (with peak 
value denoted by ag). The function Ci gives the distribution along the height of Pi. It is shown 
in Figure A.la) for ~ = 1 (i.e. at the wall of the tank) and cose = 1 (i.e. in the plane of the 
horizontal seisn1ic action), normalized to pRag, for three values of the slenderness parameter r 
= HIR. Figure A.l b) shows the radial variation of Pi on the tank botton1 as a function of y. For 
large values of r the pressure distribution on the bottom becomes linear. 

5 The derivative can be expressed in tenns of the modified Bessel functions of order 0 and 1 as: 
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Pressure resultants: The horizontal resultant of the 'rigid ilUpulsive' pressure froD1 expression 
(A.l) at the base of the wall, Qi, is: 

ltupulsive base shear: 

Qi (t ) In i (t ) (A.3) 

n1j, tenned impulsive mass, denotes the mass of the contained fluid which nloves together with 
the walls and is by the expression: 

(AA) 

where In pJrR2H is the total contained nlass of the fluid. 

The total monlent with respect to an axis orthogonal to the direction of the seis111ic action 
nl0tion, M'j, imluediately below the tank bOttOlU includes the contributions of the pressures on 
the walls fr0111 expression (A.1) and of those on the tank bottom. The total monlent U 
imluediately above the tank bottonl includes only the contributions of the pressures on the 
walls. 

Impulsive base monlent (imluediately below the tank bottom): 

(A.Sa) 

where 

h' 
I 

1 +2v~:fJ 
2 ' ~Il=o 

H--------------~--~~--~ (A.6a) 

Inlpulsive base moment (inl111ediately above the tank bottonl): 

(A.5b) 

with 

(A.6b) 

Figure A.2 shows the quantities t11j, h'j and hi as functions of r = HIR. mi increases with 1, 

tending asynlptotically to the total nlass, while both hi and h'i tend to stabilize to values 
around nlidheight. For squat tanks hi is a little less than ll1idheight, while h' is significantly 
larger than H due to the predominant contribution to M'j of the pressures on the bottonl. 
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Figure A.2 - Ratios 111/111, h/H and h'/H as functions of the tank slenderness (see also 
Table A.2, columns 4, 6 and 8) 

Key to Figure A.2(b): -- : above base plate; - - - - - : below base plate 

A.2.1.3 Convective pressure component 

The spatial-temporal variation of the 'convective' pressure component is given by: 

Pc (;, c;, B, t) = pI 'I'n COSh(Anrc; )J
1 
(AIl;)cOS BACIl (t) (A.7) 

11= 1 

where: 

2R 
(A.8) 

J, = Besse] function of the first order, 

)L\ = 1,841, )L2 = 5.331, )L3 = 8,536, and 

Acn(t) = acceleration time-history of the response of a single degree of freedom oscillator 
having a circular frequency (Ucn equal to: 
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An ( ) OJen = g-tanh A n r 
R 

(A.9) 

and a danlping ratio appropriate for the sloshing of the fluid (see [1] for procedures for the 
calculation of dalnping). 

Only the first oscillating, or sloshing, nlode and frequency of the osci llating liquid (n = 1) 
needs to be considered in expression (A.7) for design purposes. 

The vertical distribution of the sloshing pressures for the first two modes is shown in Figure 
A.3a), while Figure A.3b) gives the values of the first two frequencies, as functions of the 
HIR. In squat tanks the sloshing pressures nlaintain relatively high values down to the bottom, 
while in slender tanks the sloshing effect is lilnited to the vicinity of the surface of the liquid. 
The sloshing frequencies beconle alnl0st independent of r, for r larger than about 1. For such 
values of r, We I is approxinlately equal to: 

(Uel = 4,2 / JR (R in meters) (A.10) 

which, for the usual values of R yields periods of oscillation of the order of few seconds. 
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Figure A.3 - a) Variation of sloshing pressures along the height in the first two modes 
and b) values of the first two sloshing frequencies as functions of r 

Key: 1: 2nd mode; 2: 1st mode 

Pressure resultants: 

Convective base shear: 

Qc(t)= ~mcI1Acl7 (t) (A. 11 ) 
11 =1 

where the n-th modal convective mass is: 
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(A.12) 

Moment inlmediately below the botton1 plate of the tank: 

M'c (t)= I (rl1 o}Acn(t))h'Cil = I QC/1(t)h'C/7 (A.13a) 
17=1 17=1 

where: 

(A.l4a) 

The values of mel and me2 and the cOlTesponding values of hel' he2, h'c] and h'c2 are shown in 
Figure AA as functions of r 

, 

". 

(a) (b) 

Figure A.4 - a) First two sloshing nlodal masses and b) corresponding heights he], he2, h'eI 
and h 'e2 as functions of y(see also Table A.2, columns 5, 7 and 9) 

Key to Figure A.4(a): I: I sl mode; 2: 2nd mode. 

Key to Figure A.4(b): I A: I st mode, below base plate; 
2A: 2nd mode, below base plate; 
IB: 1 st 1110de, above base plate; 
2B: 2nd nlode, above base plate. 

Moment in the tank wall immediately above the bottom plate: 

Me (t) = f (mel7 ACI1 (t ))hcn = I QCI1 {t )hCil 
17=1 17=1 

where hen is: 
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[ 
l-COSh(AnY)] 

hell = H 1 + ----:-( --:-) 
ysinh An y 

(A.14b) 

The convective con1pollent of the response ll1ay be obtained fron1 that of oscillators having 

n1asses 111en , attached to the rigid tank through springs having stiffnesses: Kn = [Ul~ 171m , (one 

oscillator for each n10de considered significant, nort11ally only the first one). The tank is 
subjected to the ground acceleration tin1e-hisory Ag(t) and the masses respond with 
accelerations Aen(t). h 'en or hen is the level where the oscillator needs to be applied in order to 
give the correct value of M'en or Men, respectively. 

A.2.1.4 Height of the convective wave 

The sloshing wave height is provided n1ainly by the first n10de; the expression for the peak 
height at the edge is: 

(A.IS) 

where Se(') is the elastic response spectral acceleration at the 1 st convective mode of the fluid 
for damping a value appropriate for the sloshing response and g is the acceleration of gravity. 

A.2.1.S Effect of the inertia of the walls 

For steel tanks, the inertia forces on the shell due to its own mass are sn1all compared with the 
hydrodynan1ic forces and n1ay be neglected. For concrete tanks, they should not be neglected. 
Inertia forces are parallel to the horizontal seisll1ic action, inducing a pressure normal to the 
surface of the shell given by: 

where: 

Ps = n1ass density of the wall n1aterial 

s(~) = wall thickness 

(A.16) 

The action effects of this pressure component, which follows the variation of wall thickness 
along the height, should be added to those of the in1pulsive component given by expression 
(A.l). 

The total shear at the base due to the inertia forces of the tank wall and roof n1ay be taken 
equal to the total mass of the tank walls and root~ tiInes the acceleration of the ground. The 
contribution to the base overturning lTIOlnent in a sin1ila1' way: it is equal to the wall 111aSS 
tilTIeS the waH n1idheight (for constant wall thickness), plus the roof mass tilnes its 111ean 
distance fro1l1 the base, times the acceleration of the ground. 

A.2.1.6 Combination of action effects of impulsive and convective pressures 

The tin1e-history of the total pressure is the SUlTI of the following two tin1e-histories: 

the in1pulsive one being driven by Ag(t) (including the inertia of the wa11s); 

the convective one driven by Aci (t) (neglecting higher order con1ponents). 
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In the sanle way that the dynamic response associated with the two pressure C0111pOnents is 
characterized by different damping ratios, it nlay also be associated with ditferent hysteretic 
energy dissipation mechanisnls. No energy dissipation can be associated with the convective 
response of the liquid, whereas sonle hysteretic energy dissipation may accoll1pany the 
response due to the inlpulsive pressures and the inertia of the tank walls, arising fr01n the tank 
itself and the way it is supported on (or anchored to) the ground. If energy dissipation is taken 
into account through modification of the elastic spect111111 by the behaviour factor q, a ditferent 
value of q should be used in the derivation of action effects of the two c01nponents: q 
1,0 for the action effects of the convective pressures and q 1 ,5 (or a higher value) for the 
action effects of the impulsive pressures and of the inertia of the tank walls. 

If, as it is cust0111ary in design practice, the response spectrunl approach is used for the 
calculation of the lnaxinlunl dynmnic response, the maxima of the two tinle-histories of 
sei smic action effects given by the response spectrUlll should be suitably conlbined. Due to the 
generally wide separation between the donlinant frequencies in the ground Inotion and the 
sloshing frequency, the 'square root of the sum of squares' rule 111ay be unconservative, so 
that the alternative, upper bound, rule of adding the absolute values of the two nlaxitna nlay 
be preferable in design. Each of these two nlaxima will be derived for the value of q and of 
the danlping ratio considered appropriate for the corresponding conlponent. 

The value of the monlent and shear force ilnnlediately above the bottom plate of the tank 
should be used for the calculation of the stresses and stress resultants in the tank walls and at 
the connection to the base, for the verifications. The value of the In0111ent innnediately below 
the bottonl plate of the tank should be used for the verification of its support structure, base 
anchors or foundation. 

Due to the long period of the convective conlponellt of the response of the liquid, only the 
nlonlent below the bottom plate of the tank which is due to this C0111pOnent of the pressure is 
relevant to the static equilibrium verification of the tank (overturning). Due to their high 
frequency, the inlpulsive pressures and the inertia of the tank walls nlay be considered not to 
contribute to the destabilising monlent in the verification of the tank against overturning. 

A.2.2 Vertical component of the seismic action 

The hydrodynanlic pressure on the walls of a rigid tank due to vertical ground acceleration 
Av(t) is given by: 

(A.I7) 

Being axisYlllnletric, this bydrodynanlic pressure does not produce a shear force or 1110nlent 
resultant at any horizontal level of the tank, or illlinediately above or below the base. 

A.2.3 Combination of the effects of the horizontal and the vertical components of the 
seismic action, including the effects of other actions 

The peak conlbined pressure on the tank walls due to horizontal and vertical seismic action 
111ay be obtained by applying the rule in 3.2. The c01nbined pressure should be added to the 
hydrostatic pressure on the wall at the one side of the tank (where the wall accelerates into the 
liquid) and subtracted as suction at the opposite. Dynanlic earth and ground water pressures 
should be considered to act against any buried part of the tank on the side of the tank where 
the SeiSJllic pressure is considered as suction. pressures there should be estimated on the 
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basis of the coefficient of earth pressure at rest. 

A.3 Deformable vertical circular tanks on-ground, fixed to the foundation 

A.3.1 Horizontal components of the seismic action 

It is nonnally unconservative to consider the tank as rigid (especially for steel tanks). In 
flexible tanks the fluid pressure is usually expressed as the sum of three contributions, referred 
to as: 'rigid inlpulsive', 'sloshing' and 'flexible'. The third satisfies the condition that the 
radial velocity of the fluid along the wall equals the defor111ation velocity of the tank wall, as 
well as the conditions of zero vertical velocity at the tank bOttOl11 and zero pressure at the free 
surface of the fluid. The dynamic coupling between the sloshing and the flexible cOlllponents 
is very weak, due to the large differences between the frequencies of the sloshing 1110tion and 
of the deformation of the wall, which allows deternlining the third conlponent independently 
of the others. The rigid i111pulsive and the sloshing components in A.2 renlain therefore 
unaffected. 

The flexible pressure distribution depends on the lllodes of vibration of the tank-fluid systenl, 
aillong which only those with one circun1ferential wave, of the following type, are of interest: 

~ r;, fJ) = j( r;) cos e (A.18) 

In the following, the tenll fundamental or first frequency, or first nlode, is not related to the 
rea] fundanlental modes of the full tank, but only to eigenmodes of the type of expression 
(A.I8). 

The radial distribution of the f1exible impulsive pressure on the tank botton1 is qualitatively 
the sanle as for the rigid impulsive pressure. Assunling the modes as known, the flexible 
pressure distribution on the walls has the foml: 

PI' k,r),t) = pH ljICOS e d n cos(VI1 S- )A fiJ (t) 
11=0 

where: 

rl f'( {~s(S-) ~:YJ b' (! r)ld~ 
.b . S-L p H + L..n=o 11 COS t· 11 '::> J S 

ljI = -----=----------=--

1fkt~ S~)l(d+ d" cos(v"sl}s 

2 (-1 Y 1[ (Vn / r) 
VI~ 1 ~ (Vn / r) 

d = 2 ilk }:os(v,s)elf" I, (v, / r) 
n Vn 1; (Vn / r) 

(A.19) 

(A.20) 

(A.21) 

(A.22) 

Ps is the lllass density of the shell, s( <;) is its thickness and A rn(t) is the response acceleration 
(relative to its base) of a sinlple oscillator having the period and dalTlping ratio of 1110de 11. The 
fundanlental nl0de 1) is norn1ally sufficient, so that in expressions (A.19), (A.21), (A.22), 
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the lTIode index, n, and the sun1111ation over all n10dal contributions are dropped. 

In n10st cases of flexible tanks, the pressure Pt{-) in expression (A.19) provides the 
predoll1inant contribution to the total pressure, due to the fact that, while the rigid in1pulsive 
tern1 - expression (A.l) - varies with the ground acceleration Ag(t), the flexible tern1 -
expression (A.19) - varies with the response acceleration A fn (t) , which, for the usual of 
periods of the tank-fluid systems, is considerably amplified with respect to Ag(t). 

For the detennination of the first mode shape of the tank, the following iterative procedure is 
suggested in [2], [3]. A trial shape is selected for./C;), in expressions (A.18)-(A.22) (a shape 
proportional to ; is usually a good approxin1ation, especially for slender tanks). Denoting with 
.ri(e;) the shape used in the i-th iteration, an 'effective' lTIaSS density of the shell is evaluated as: 

(A.23) 

where p~. (f') is the value of the pressure evaluated fron1 expression (A.19) at the i-tll step. 

The effective 111ass density from expression (A.23) lTIay then be used in a structural analysis of 
the tank to evaluate the mode shape in the (i+ 1)-th iteration, and so forth until convergence. 

The fundan1ental circular frequency of the tank-fluid systenl lTIay be evaluated by means of 
the following approxinlate expression, derived in [4] for steel tanks: 

(Or = (for r;= 1/3) 

where E is the elastic n10dulus of the material of the tank wall. 

The base shear is: 

Qf (t) = In( AI (t) 

where: 

The nlOlTIent imlnediately above the tank bottom may be calculated as: 

where: 

hi' H---------------
. if) (-lY 
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A.3.2 Combination of the pressure terms due to horizontal components of the seismic 
action 

A.3.2.1 General procedures 

The till1e-history of the total pressure is in flexible tanks is the sunl of the time-histories of the 
rigid ilnpulsive pressure (expression (A.l », of the convective one (expression (A.7», and of 
the flexible pressure (expression (A.19», each of then1 differently distributed along the height 
and having a different variation with time. The tin1e-history of the base shear produced by 
these pressures (expressions (A.3), (A. 1 I ) and (A.25» is: 

Q{t) ll1 i Ag (t) imcn (t)+ 111 f Al (I) (A.29) 

where Acn(t) is the total or absolute response acceleration of a simple oscillator with circular 
frequency Olen (expression (A.9» and datnping ratio appropriate for the sloshing response 
subjected to a base acceleration Ag(t), while A l(t) is the response acceleration (relative to the 
base) of a sin1ple oscillator of circular frequency {VI' (expression (A.24» and damping 
appropriate for the tank-fluid systenl, also subjected to Ag(t). 

If the individual n1axinla of the terms in expression (A.29) are known, e.g. froll1 a response 
spectrum of absolute and relative accelerations, the corresponding pressures on the tank 
needed for a detailed stress analysis nlay be obtained by spreading the resultant of each of the 
three tenns in expression (A.29) over tank walls and floor according to the relevant 
distribution of pressures. To expedite the design process, the Inasses mi, men and /11r, the latter 
based on assunled first mode shapes, have been calculated as functions of the ratio y, and are 
available in tabular f01111 or in diagra111s (see, for exan1ple, Figures A.2(a), A.4(a), colu111ns 4 
and 5 in Table A.2 and [4]). Use of expression (A.29) in combination with response spectra, 
however, poses the question of the con1bination of the maxilna. Apart fi'on1 the need to derive 
a relative acceleration response spectruln for A1{t), there is no accurate vvay of con1bining the 
peak of Ag(t) with that of At(t). As a n1atter of fact, since the input and its response cannot be 
assulned as independent in the range of relatively high frequencies under consideration, the 
'square root of the sum of squares' rule is not sufficiently accurate. On the other hand, 
addition of the individual n1axil11a could lead to overconservative estilllates. 

Given these difficulties, various approximate approaches based on the theory above have been 
proposed. Three of these, presented in detail in [4], [5], are due to Veletsos and Yang, Haroun 
and Housner, or Scharf [4]. 

The Veletsos and Yang approach consists in replacing expression (A.29) with the following: 

Q{t) = m i A lei (t) + L m ell (t) 
. 11=1 

(A.30) 

i.e., in assulning the entire impulsive mass to respond with the amplified absolute response 
acceleration of the flexible tank systen1 (AfaCt) Ar(t)+Ag(t» with circular fl'equency (Or 

(expression (A.24») and dan1ping appropriate for the tank-fluid systen1. The ll1axinlunl of 
Ata(t) is obtained directly fron1 the appropriate response spectrun1. The total base shear 111ay be 
evaluated approximately by the expression: 

(A.31) 
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where (£0'/11) is the effective participating Inass of the tank wall in the first nl0de, where 111 is 
the total nlass of the tank-fluid systenl and the factor £0 may be deternlined fron1 Table A.I: 

TabJe A.l Effective participating Inass of tank wall in first mode as fraction of the total, in 
the Veletsos and Yang procedure 

HIR 0,5 1,0 3,0 

£0 0,5 0,7 0,9 

The Veletsos and Yang procedure provides an upper bound estilnate, acceptable forHIR ratios 
not lTIuch larger than 1. Above this value, corrections to reduce the conservativeness have 
been sllggested. In view of the conservative nature of the method, the effects of tank inertia 
nlay generally be neglected. 

In the Haroun and HOllsner approach expression (A.29) is written in a fonn suitable for the 
use of the response spectrUlTI, as: 

Q{t) 0ni - mI )Ag (t)+ I mell (t ) + m I A lcI (t) (A.32) 

The Dlasses I11j and 1111' are given in graphs as functions of HI R and siR, together with the 
heights at which these Inasses should be located to yield the correct value of the base nloment 
[5]. The effects of the inertia of the tank wall are incorporated in the values of the masses and 
of their heights. 

The 'square root of the sunl of squares' rule is used to combine the l11aximum values of the 
three conlponents in expression (A.32). 

Finally, based on the fact that absolute and relative response accelerations do not differ 
appreciably in the relevant frequency range, in the Scharf [4] approach expression (A.29) is 
written as: 

(A.33) 

The "square root of the sunl of squares" rule is used to c01TIbine the maximunl values of the 
three conlponents in expression (A.34). 

Q= (A.34) 

An even nlore silTIplified approach has been proposed in [6] along lines similar to those of 
Veletsos and Yang, as sunlnlarized below. 

A.2.1.4 applies here as well, regarding the different hysteretic energy dissipation mechanisnls 
(and associated behaviour factor values q) characterising the different pressure cOlnponents. 
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A.3.2.2 Simplified procedure for fixed base cylindrical tanks [6] 

A.3.2.2.1 Model 

The tank-liquid systenl is modeled by two single-degree-of-freedonl systenls~ one 
corresponding to the inlpulsive component, 1110ving together with the flexible wall, and the 
other corresponding to the convective component. The inlpulsive and convective responses 
are con1bined by taking their nunlerical-sun1. 

The natural periods of the itTIpulsive and the convective responses, in seconds, are taken as: 

~mr (A.35) 

~OIl (A.36) 

where: 

H = height to the free surface of the liquid; 

R tank's radius; 

s = equivalent unifonn thickness of the tank wall (weighted average over the wetted height 
of the tank wall, the weight may be taken proportional to the strain in the wall of the 
tank, which is maximun1 at the base of the tank); 

p= lnass density of liquid; and 

E Modulus of elasticity of tank material. 

Table A.2 Coefficients Cj and Cc for the natural periods, masses mj and me and heights hi 
and he from the base of the point of application of the wall pressure resultant, for the 

impulsive and convective con1ponents 

RIR C, Ce 111/111 mj111 h/H hjR h'/H h'jH 
( s/n1112) 

0,3 9,28 2,09 0,176 0,824 0,400 0,521 2,640 3,414 

0,5 7,74 ],74 0,300 0,700 0,400 0,543 1,460 1,517 

0,7 6,97 1,60 0,414 0,586 0,401 0,571 1,009 1,011 

1,0 6,36 1,52 0,548 0,452 0,419 0,616 0,72l 0,785 

1,5 6,06 1,48 0,686 0,314 0,439 0,690 0,555 0,734 

2,0 6,21 1,48 0,763 0,237 0,448 0,751 0,500 0,764 

2,5 6,56 1,48 0,810 0,190 0,452 0,794 0,480 0,796 

3,0 7,03 1,48 0,842 0,158 0,453 0,825 0,472 0,825 

The coefficients Ci and Cc are obtained frOln Table A.2. Coefficient Ci is dinlensionless, while 
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if R is in meters Cc is expressed in s/m l
!2. 

The inlpu]sive and convective nlasses l11j and l11e are given in Table A.2 as fractions of the total 
liquid 111ass 111, along with the heights fron1 the base of the point of application of the resultant 
of the impulsive and convective hydrodynanlic wall pressure, hi and he. 

A.3.2.2.2 Seismic response 

The total base shear is 

where: 

I11w mass of the tank wall; 

Inr = lnass of tank roof; 

(A.37) 

Sc(limp) = inlpulsive spectral acceleration, obtained from an elastic response spectrum for a 
value of damping consistent with the lilnit state considered according to 2.3.3.1; 

Sc(Tcoll) = convective spectral acceleration, fronl a 0,5%-damped elastic response spectrum. 

The overturning nl0tnent inl1nediately above the base plate is 

(A.38) 

hw and hr are heights of the centres of gravity of the tank wall and roof, respectively. 

The overturning m01nent iml11ediately below the base plate is given by 

M' = 011i h'i + I11w h\\, + I11r hr )Sc (~mp)+ me h'c Se (Teoll ) (A.39) 

The vertical displacetnent of liquid surface due to sloshing is given by expression (A.15). 

A.3.3 Vertical component of the seismic action 

In addition to the pressure Pvr( c"t) given by expression (A.l7), due to the tank moving rigidly 
in the vel1ical direction with acceleration Ait), there is a contribution to the pressure, pvc( c"t), 
due to the defonnability (radial 'breathing') of the shell [7]. This additional ternl may be 
calculated as: 

where: 

fCy) 

fCy) 

1,078 + 0,274 Iny 

1,0 

for 0,8:s 

for 0,8 

4 

(AAO) 

(AAla) 

(AAlb) 

AV1{t) is the acceleration response of a sitnple oscillator having a frequency equal to the 
fundamental frequency of the axisynlnletric vibration of the tank with the fluid. 
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The fundanlental frequency l11ay be estinlated f1'o111 the expression: 

.ld (for ~= 1/3) (A.42) 

where: 

71 = 1[/(2y); 

J 0 (.) and II (.) denote the 1110dified Bessel function of order 0 and 1, respectively~ 

E and v are Young's modulus and Poisson ratio of the tank 111aterial, respectively. 

nlaxinlUlTI value of Pvt{t) is obtained fron1 the vertical acceleration response spectrunl for 
appropriate values of period and dan1ping. If soil flexibility is neglected (see A.7) the 

applicable danlping values are those of the n1aterial of the shell. The behaviour factor value, q, 
adopted for the response due to the impulsive component of the pressure and the tank wall 
inertia Inay be used for the response to the vertical COlTIpOnent of the seisnlic action. The 
nlaximum value of the pressure due to the conlbined of Pvl) and Pv!{-) may be obtained 
by applying the 'square root of the sum of squares' rule to the individualnlaxil11a. 

A.3.4 Combination of the effects of the horizontal and vertical components of the 
seismic action, including the effects of other actions 

The pressure on the tank walls should be detennined in accordance with A.2.3. 

A.4 Rectangular tanks 

A.4.1 Rigid rectangular tanks on-ground, fixed to the foundation 

For tanks with walls assunled as rigid, the total pressure is again given by the sun1 of an 
impulsive and a c011vective contribution: 

(A.43) 

The impulsive component follows the expression: 

(A.44) 

where: 

L is the half-width of the tank in the direction of the seislnic action; 

qoCz) is a function giving the variation of p{) along height as plotted in Figure A.S (P/.) is 
constant in the direction orthogonal to the seismic action). The trend and the nU111erical 
values of qo(z) are very close to those of a cylindrical tank with radius R L (see 

A.6). 

The convective pressure cOll1ponent is given by a sUll1111ation of modal terms (sloshing 
Inodes). As for cylindrical tanks, the dOlninant contribution is that of the fundanlelltal 1110de: 

Pel (Z, t) = qcl (z )pLAI (t) (A.4S) 
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where 

qcl(Z) is a function shown in Figure A.7 together with the 2nd nlode contribution qc2(Z) and 

A l(t) is the acceleration response function of a sinlple oscillator \\/1th the frequency of the first 
nl0de and the appropriate value of daITIping~ when subjected to an input acceleration 
Ag(l). 

The period of oscillation of the first sloshing tTIode is: 

T. = 2n r L / g ] [ii 

I TC tanh (n HJ 
\ 2 2 L 

(AA6) 

The base shear and the tuoment on the foundation may be evaluated on the basis of 
expressions (A.44) and (A.45). The values of the masses l11i and Inc], as well as of the 
conesponding heights above the base, h'i and hcl~ calculated for cylindrical tanks and given by 
expressions (AA), (A.12) and (A.6), (A.l4), respectively, nlay be adopted for the design of 
rectangular tanks as well (with L replacing R), with an enor less than 150/0 [8]. 

A.4.2 Flexible rectangular tanks on-ground, fixed to the foundation 

As in cylindrical tanks with circular section, wall flexibility generally produces a significant 
increase of the inlpulsive pressures, while leaving the convective pressures practically 
unchanged. Studies on the seisrnic response of flexible rectangular tanks are few and their 
results are not in a fornl suitable for direct use in design [9]. An approxinlation for design 
purposes is to use the sanle vertical pressure distribution as for rigid walls [8J, see expression 
(A.44) and Figures A.5, A.6, but to replace the ground acceleration Ag(l) in expression (A.44) 
with the response acceleration of a siluple oscillator having the frequency and the dan1ping 
ratio of the first ilTIpulsive tank-liquid n10de. 

This period of vibration may be approxinlated as: 

( )

1 i! 0· = 21l d f / g ,~ (A.47) 

where: 

dr is the deflection of the wall on the vertical centre-line and at the height of the in1pulsive 
nlass, when the wall is loaded by a load uniform in the direction of the ground nlotion 
and of luagnitude: lng/4BH; 

28 is the tank width perpendicular to the direction of the seismic action. 

The in1pulsive Blass l11i nlay be obtained as the sunl of that froIll expression (A.4), Figure 
A.2(a) or column 4 in Table A.2, plus the wall mass. 
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.- ;. 

1 '1 . 

Figure A.S - Distribution along the height of dimensionless impulsive pressures on 
rectangular tank wall which is perpendicular to the horizontal component of the seismic 

action [8] 

.i 

Figure A.6 - Peak value of dinlensionless impulsive pressures on a rectangular wall 
which is perpendicular to the horizontal component of the seisnlic action [8] 
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Figure A.7 - Dimensionless convective pressures on rectangular tank wall which is 
perpendicular to the horizontal component of the seismic action ([S]) 

AA.3 Combination of action effects due to the different components and actions 

A.2.1.6 applies regarding the different hysteretic energy dissipation Inechanisnls (and 
associated behaviour factor values q) for the different pressure conlponents, A.2.2 may be 
applied for the evaluation of the effects of the vertical cOlnponent of the seislnic action and 
A.2.3 for the combination of the effects of the horizontal and vertical components, including 
the effects of other actions in the seis111ic design situation. 

--.. -

Figure A.S - Notations for horizontal axis cylindrical tank [S] 

Key: 1: seisnlic action in transverse direction; 2: seislnic action in longitudinal direction. 
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A.S Horizontal cylindrical tanks on-ground [8] 

Horizontal cylindrical tanks should be analyzed for seisnlic action along the longitudinal and 
along the transverse axis (see Figure A.8 for notations). 

Approxi111ate values for hydrodynamic pressures induced by seisnlic action in either the 
longitudinal or transverse direction may be obtained considering a rectangular tank with the 
same depth at the bquid level, the sanle dinlension as the actual one and in the direction of the 
seisnlic action and third dimension (width) such that the liquid volume is nlaintained. This 
approxinlation is sufficiently accurate for design purposes over the range of HI R between 0,5 
and 1,6. If HIR exceeds 1,6, the tank should be assumed to behave as if it were full, i.e., with 
the total111aSS of the fluid acting solidly with the tank. 

For a seislnic action in the transverse direction (perpendicular to the axis) a nlore accurate 
solution is described below for partially full tanks. 

The impulsive pressure distribution is given by: 

For H = R the pressure function qo(-) takes the fornl: 

4 00 (_lY-1 • 

qo(¢) = - L: ( )2 . sm2n¢ 
Jrl=n 2n -1 

and is plotted in Figure A.9. 

\ . ..... 
.~ 

.. ' "', '. .-" 
~~ . .,... 
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L _ _ ~ 
" 
"~'\ 

(A.48) 

(A.49) 

Figure A.9 - Impulsive pressures on horizontal cylinder with H = R. Transverse seismic 
action [8] 

Key: 1: Pressure anti-symnletric about centreline 

By integrating the pressure distribution the impUlsive mass for H = R is evaluated to be: 

mj = 0,4m (A.50) 

As the pressures are in the radial direction, the forces on the cylinder pass through the centre 
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of the circular section. Both the in1pulsive and the convective masses should be assu111ed to be 
at that point. 

Figure A.tO - Dimensionless first convective mode frequency for rigid tanks of various 

shapes [8] 

Key: 1: Sphere; 
2: Horizontal cylinder, transverse seisnlic action; 
3: Vertical cylinder, spherical bottOln; 
4: Vertical cylinder; 
5: Rectangular tank (length: 2L); 
5 & 6: Horizontal cylinder, longitudinal seismic action (length: 2L). 

Solutions for the convective pressures are not available in a convenient fom1 for design. When 
the tank is approximately half ful1 (H ~ R), the first sloshing nl0de n1ass n1ay be evaluated as: 

mel = 0,6m (A.S1) 

Expressions (A.SO), (A.Sl) are considered as reasonable approximations for HIR from 0,8 to 
1,2. 

The first n10de sloshing frequencies for rigid tanks of various shapes, including horizontal 
cylinders for seislnic action along and transverse to the axis, are shown in Figure A.l 0. 

A.6 Elevated tanks 

In the structural model that includes also the supporting structure, the liquid in the tank may 
be accounted for by considering two nlasses: 
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an impulsive I11aSS mj rigidly connected to the tank walls, located at a height h'j or hi above 
the tank bottonl (expressions (AA) and (A.6a), (A.6b), respectively); 

a mass me 1, connected to the walls through a spring of stiffnessKe I ole lIne I, where (Oe I is 
given by expression (A.9), located at a height h 'el or hel (expressions (A.12) and (A.14a), 
(A.14b), respectively). 

The response of the systelTI I11ay be evaluated using standard Inodal analysis and response 
spectra Inethods. 

In the simplest case, the global model has only two degrees-of-freedonl, corresponding to the 
nlasses mj and Incl. A mass L1m equal to the n1ass of the tank and an appropriate portion of the 
lTIaSS of the support should be added to mi. The 111ass (mi + L1m) should be connected to the 
ground by a spring representing the stiffness of the support. 

Nonnally, the rotational inertia of the mass (mi + ~m), and the corresponding additional degree 
of freedom, should also be included in the n10deL 

Elevated tank in the shape of a truncated inverted cone l11ay be considered in the n10del as an 
equivalent cylinder of the sanle volume of liquid and a dianleter equal to that of the cone at 
the level of the liquid. 

A.7 Soil-structure interaction effects for tanks on-ground 

A. 7.1 General 

For tanks founded on relatively deformable soils, the base n10tion can be significantly 
different fr0111 the free-field n10t10n; in general the translational component is nlodified and 
there is also a rocking con1ponent. Moreover, for the sanle input Inotion, as the flexibility of 
the ground increases, the fundan1ental period of the tank-fluid system and the total danlping 
increase, reducing the peak force response. The increase in the period is nlore pronounced for 
tall, slender tanks, because the contribution of the rocking component is greater. The 
reduction of the peak force response, however, is in general for tall tanks, since the 
danlping associated with rocking is sn1aller than that associated with horizontal translation. 

A sinlple procedure, proposed for buildings in [10] and consisting of an increase of the 
fundamental period and of the datnping of the struchlre, which is considered to rest 011 a rigid 
soil and subjected to the free-field motion, has been extended to the ilnpuIsive (rigid and 
flexible) components of the response of tanks in [11], [12], [13]. The convective periods and 
pressures are assumed not to be affected by soil-structure interaction. A good approximation 
can be obtained through the use of an equivalent simple oscillator with paralneters adjusted to 
n1atch frequency and peak response of the actual systen1. The properties of this substitute 
oscillator are given in [11], [13] in the fonn of graphs, as functions of the ratio HI R, for fixed 
values of the wall thickness ratio siR, the initial dan1ping, etc. 

A.7.2 Simple procedure 

A.7.2.1 Introduction 

Inore rough procedure [8], sumlnarized below, 111ay be adopted. The procedure operates by 
changing separately the frequency and the danlping of the in1pulsive rigid and the inlpulsive 
flexible pressure contributions in A.2 to A.S. In particular, for the rigid in1pulsive pressure 
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c0111ponents, whose tinle-histories are given by the free-field horizontal, Ag(t), and vertical, 
Ail) accelerations, consideration of soil-structure interaction effects amounts to replacing 
these time-histories with the response acceleration histories of a single degree of freedom 
oscillator having natural period and danlping as specified below. 

A.7.2.2 j\;lodified natural periods: 

'rigid tank' i111pulsive effect, horizontal 

'defonnable tank' i111pulsive effect, horizontal 

12 

'rigid tank', vertical 

tldefornlable tank", vertical 

where: 

mj ,h'j are the 111ass and height of the impulsive component; 

1110 is the l11ass of the foundation; 

Iq is the stiffness of the "deformable tank" 4;r2 In; ; 
T

f
-

Inlot is the total ll1ass of the filled tank, including the foundation; 

k , ! 111, • 
4Jf - -, ,wlth 1111 mass of the liquid; 

Tl~1 

kx, kg, k v are the horizontal, rocking and vertical stiffness of the foundation; and 

(A.52) 

(A. 53) 

(A.54) 

(A.55) 

ax, af)., a"are frequency-dependent factors converting static stiffnesses into dynamic ones 
[14 ]. 

A.7.2.3 Modified damping values: 

The general expression for the effective damping ratio of the tank-foundation systenl is: 
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(A.56) 

where: 

';s 1S the radiation damping in the soil; and 

';m is the lTIaterial da111ping in the tank. 

Both ';s and ~11 depend on the specific vibration lTIode. 

In particular for . 

- for the horizontal inlpulsive 'rigid tank' mode: 

(A.57) 

for the horizontal impulsive 'defonnable tank' mode: 

(A.58) 

for the vertical 'rigid tank' mode: 

(A.59) 

where: 

. h d' . 1 . 21tR 
IS t e Imenslon ess frequency functIon = -- ( 

V.~T 
a = shear wave velocity of the soil); 

fix, fie, fi v are the frequency-dependent factors providing radiation damping vaJues for 
horizontal, velikal and rocking Inotions [14]. 

A.8 Flow charts for calculation of hydrodynamic effects in vertical cylindrical tanks 

The following flow charts provide an overview of the detennination of hydrodynanlic effects 
in vertical cylindrical tanks sUbjected to horizontal and vertical seisnlic actions. The flow 
charts essentially address the application of the response spectra method. 

Flow chart 1 gives an overview of the calculation process and of the cOlnbination of the 
various components of the response. Flow charts 2 to 6 address the different hydrodynamic 
conlponents or seismic action components. 
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Tank aranleters: 
R: radius 
H: height 
E: elastic modulus of 

tank wall 
s: shell/wall thickness 

: liquid density 
s: shell/wall density 

Seisll1ic desi '11 aranleters 
agR: reference peak ground 

acceleration, (EN 1998-
1 :2004) 

,: inlportance factor, 2.1.4 
: reduction factor for danlage 
lilnitation seismic action, 
2.2(3) 

horizontal seisnlic action: design peak 
ground acceleration at free field, af[ 

vertical seislnic action: design vertical 
ground acceleration at free field, 

impulsive and wal1 
inertia conlponent 

no 

Flow chart 
A.2 

Flow chart 
A.2 and A.3 

convective 
component 

Flow chart 
A.4 

cOtnbination of inlpulsive and convective effects 
through one of the approaches in A.3.2 

yes 

Flow chart 
A.5 

no 

Flow chart 
A.5 and A.6 

SRSS-combination of 
rigid and flexible effects 

conlbination of the effects of horizontal and vertical 
components of the seisll1ic action according to A.2.3 

Flow chart A.I: Overview of determination of hydrodynamic effects in anchored vertical 
cylindrical tanks on ground, considering soil-structure interaction 
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rigid wall con1ponent 

.. 
design peak ground acceleration at free field, (EN 1998-1 :2004 and 2.1.4) 
reduction factor for dan1age lin1itation seismic action (2.2(3) 
behaviour factor q for ultimate limit state (2.4, 4.4) 

Soil-tank 
interaction 

! 

~ no 

design peak ground 
acceleration at the free 

field, ICigR 

yes .. 

natural period and 
danlping fron1 

expressions (A.52), 
(A.56), (A.57) 

instead of Cig, response 
acceleration of SDoF system, 
aSSl, fro111 response spectrum 

of EN 1998-1:2004 for T=Tj* -
see exo. (A.52) 

wa1l inertia con1ponent 

inertia effect of tank 

I--

impulsive pressure 
con1ponent pl , , ,t) 

". from expressions (A.l) I ..... ~I----; 
and (A.2) 

~ wallpw( , , ,t) fron1 1 ....... 1-----+ 

expressions (A.l6) 

... ... 

.. .. 

.. .. 

impulsive base shear 
Qlt) from expressions 

(A.3) and (AA) or 
A.2(a) 

in1pulsive overturning 
lnoment below base 
plate, M'i( t), from 

expressions (A.5a), 
(A.6a) or Figure A.2 

ilnpulsive overtull1ing 
mon1ent, ~(t), above 

base plate fron1 
expressions (A.5b) and 

(A.6b) or Figure A.2 

1 

..... 

base shear, Qi(t), equal 
to wall and roof total 

~ n1ass, tin1es or aSS! 

( A.2.1.~1 

overturning n10lnent 
below base plate, 

----flI' M'i(t), equal to wall 
mass tin1es nlidheight, 
plus roof mass tin1es 

height, times ag or aSSI 

(A.2.1.5) 

1 
overtunling n10n1ent 

above base plate: 
Mlt)=M'lt) (A.2.1.5) 

1 
I 

sum of in1pulsive and inertia con1ponent 
I 

.... 

Flow chart A.2: Horizontal seismic action, rigid wall impulsive component (see A.2.1, 
A.7.2) 
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flexible wall con1ponent 

fundall1ental circu lar 
frequency r from A.3.l, 

expression (A.24) 

design peak ground acceleration, 
reduction factor (2.2(3)) 
dan1ping (2.3.2.1) 
behaviour factor q (2.4, 4.4) 

Soil-tank 
lnteraction 

.. no 

yes .. 

response spectral acceleration of SDoF 
oscillator, aI', from response spectrUlTI 

of EN 1998-1 :2004 for T 
corresponding to f - see expo (A.24), 

or T=Tr* see expo (A.53) 

... 

.. 

impulsive pressure 
con1ponent, Pf{ , , ,t), 
froln expressions (A.19)

(A.23) 

impulsive base shear, 
Q1{t), from expressions 

(A.25) and (A.26) 

impulsive overturning 
mOlnent M{t) from 

expressions (A.27) and 
(A.28) 

n10difications of 
natural period and 

damping, expressions 
(A.53), (A. 56), (A.58) 

Flow chart A.3: Horizontal seismic action, flexible wall impulsive conlponent (see A.3.l, 
A.7.2) 
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convective component 

design peak ground acceleration, ag 

reduction factor v (2.2(3) 
damping ~ (2.3.2.2(1) 
behaviour factor q 1 (4.4(3) 

circular frequency, lUen, 

fron1 expression (A.9), for 
st 1 s10shing mode, J1 1 

response spectral acceleration of SOoF 
system, ac, froln response spectrum of 
EN 1998-1 :2004 for T corresponding to 

Wcn see expo (A.9) 

... .. 

.. 

convective pressure 
conlponent Pe(~, r:; 8, t) 

from expressions (A.7) and 
(A.8), for 1 st mode, n = 1 

convective base shear Qc(t) 
froln expressions (A.Il) 

and (A.12), for n 1 

convective overturning 
m01nent below base plate, 
M' cn(t), frOln expressions 

(A.l3a), (A.14a), for n = 1 

convective overturning 
moment above base plate, 
M' cn(t) , froln expressions 

(A.13b), (A.l4b), for n 1 
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" 
height of convective 

wave dmilx fronl 
expression (A.I5) 

Flow chart A.4: Horizontal seismic action, convective component (see A.2.t) 
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peak vertical ground 
acceleration at the free 

field avg 

rigid wall 
COlTIpOnent 

design peak vertical ground 
acceleration at free field, avg 

reduction factor (2.2(3)) 
behaviour factor q (2.4, 4.4) 

no 

natural period and 
dan1ping from expressions 

( .54), (A.56), (A.59) 

response acceleration of the 
SDoF systelTI, aSSIv, fro111 

vertical response spectrum of 
EN 1998-1 :2004 for T=Tv/ -

see expo (A.54) 

impulsive pressure 
component Pyre ,t) 

from expression ( .17) 

Flow chart A.5: Vertical seismic action, rigid wall component (see A.2.2, A.7.2) 
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modified natural period 
and damping from 
expressions ( .55), 

(A.56), (A.59) 

flexible wall component 

design peak vertical ground 
acceleration at free field, aY(T 

b 

reduction factor (2.2(3)) 
behaviour factor q (2.4, 4.4) 

yes 

frequencyf!d 
frol11 expression 

( A2) 

response acceleration of the SDoF systel11, aSSlv, 

from veliical response spectrUll1 of EN 1998-
1 :2004 for T cOlTesponding to.f~!d - see expo 

(AA2), or T=Tyd* - see expo (A.55) 

inlpulsive pressure 
conlponent pyr( ,t) fronl 

expressions ( AO), (AA1) 

Flow chart A.6: Vertical seismic action, flexible wall component (see A.3.3, A. 7 .2) 
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A.9 Unanchored tanks on-ground 

A.9.1 General 

In tanks on-ground which are not anchored to the foundation, uplift of the tank bottom from 
the ground will occur due to the seisnlic overturning 1110n1ent. Uplift is lnore pronounced in 
tanks with open top. Uplift may cause plastic deformations in the tank, especially in its base 
plate. Tearing and leakage of the liquid, however, should be prevented by design. 

tn n10st cases, the effects of uplift and of the acconlpanying rocking n10tion on the magnihtde 
and the distribution of the pressures are disregarded. For lnost purposes this is conservative, as 
rocking increases the flexibility of the systenl and shifts the period i11to a range of less 
dynarnic alnplification of forces. 

An approximate and iterative analysis procedure for vertical cylindrical tanks, accounting for 
uplift and for the dynanlic nature of the problem, is given in [2], [4]. Design charts froll1 this 
procedure apply to tanks with fixed roof and refer to specific parameters values, such as the 
ratio of wall thicl<Jless to radi LIS, the soil stiffness, the 'NaIl foundation type, etc. 

Once the peak hydrodynanlic pressures are known, whether determined ignoring or 
considering uplift, calculation of the stresses in the tank is a nlatter of static structural 
analysis, where the designer has certain freedonl in selecting the level of sophistjcation of the 
method. For an uplifting tank, an accurate 1110del would necessarily involve a non-linear finite 
element nlodel of the tank, the soil and their interface. Sin1plified but cOlnprehensive 
cOlnputer methods have been proposed recently in the literature [15], [16]. Crude n1ethods, 
not requiring the use of conlputer and proposed for exa111ple in [8], have been proven by 
experinlents and more refined analyses to be unconservative and inadequate for accounting of 
all the variables entering the problenl. 

The principal effect of uplift is to increase the conlpressive vertical stress in the shell, which is 
critical for bucIding-related nlodes of failure. At the wall which is on the side opposite to the 
uplifting one, vertical c01npression is maxinlun1 and hoop compressive stresses are generated 
in the shell, due to the membrane action of the base plate. 

Flexural yielding is accepted to take place in the base plate, and a check of the nlaxinlunl 
tensile stress is appropriate. 

A.9.2 Compressive vertical membrane forces and stress in the wall due to uplift 

The increase of the verticallnelnbrane force due to uplift (Nu) with respect to that stress in the 
anchored case (Na) may, for the usual fixed-roof cylindrical steel tanks on-ground in the 
petrochenlical industry, be estimated fronl Figure A.ll [4], as a function of the 
nondinlensional overturning mon1ent,MIWH (W = total weight of the liquid). For slender 
tanks the increase is very significant. For fixed roofs, the values in Figure A.iI are on the safe 
side, since they have been calculated (using static finite element analysis) assuming that the 
underlying soil to be quite stiff (Winkler springs with a sub grade reaction nlodulus k 4000 
MN/n13

) which is unfavourable for vertical n1elnbrane forces. 
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;.i i " 

Figure A.II - Ratio of maximum compressive axial membrane force for unanchored 
cylindrical tanks on ground with fixed-roof to value for anchored tank, versus 

overturning moment [4] 

A.9.3 Shell uplift and uplifted length of the base plate 

The vertical uplift at the edge of the base, w, as derived froln a parmnetric study with finite 
element 1110dels of unanchored cylindrical steel tanks on-ground of comlTIonly used geOlnetry 
and fixed, fairly heavily loaded roof [4], is given in Figure A.12 as a function of the 
overturning moment MIWH, for different values of HIR. The results in Figure A.12 would 
underestimate uplift in tanks with open top or floating roof. 
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~. 

Figure A.12 - Maximum vertical uplift of fixed-roof unanchored cylindrical tanks on 
ground versus overturning moment MIWH [4] 

For the estimation of the radial men1brane stresses in the plate, the length L of the uplifted part 
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of the tank bottonl is necessary. Results fron1 [4] for fixed-roof tanks are shown in Figure 
A.13. Once uplift occurs, the dependence of L on the vertical uplift w is almost linear. 

/ -\ --" 

(a) (b) 

Figure A.I3 - Length of uplifted part of the base in fixed-roof unanchored cylindrical 
tanks on ground as a function of the vertical uplift at the edge [4] 

A.9.4 Radial membrane stresses in the base plate [17], [18] 

An estimate of the n1enlbrane stress a;'b in the base plate due to uplift is given in [17]: 

1(2 E . )113 
() rb = - - -.. --, .sp 2 R 2 (1 - f1 r 

s 3 1- \/-

where: 

s is the thickness of the base plate; 

p is the pressure on the base; 

Jl = 1- L/(2R), with L = uplifted part of the base. 

(A.60) 

When significant uplift takes place in large diameter tanks, the state of stresses in the uplifted 
part of the base plate at the ultimate limit state is dominated by plate bending (including the 
effect of the pressure acting on the tank base), not by nlembrane stresses. In such cases the 
finite elen1ent Inethod should be used for the calculation of the state of stresses. 

A.9.S Plastic rotation of the base plate 

It is rec01nmended to design the bottom annular ring with a thickness less than the wall 
thickness, so as to avoid flexural yielding at the base of the wall. 

The rotation of the plastic hinge in the tank base should be compatible with the available 
flexural defonnation capacity. For a Inaxinlum allowable steel strain of 0,05 and a postulated 
length of the plastic hinge equal to 2s, the Inaxinlum allowable rotation is 0,20 rads. Fronl 
Figure A.14 the rotation associated to an uplift at the edge wand a base separation of Lis: 
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(A.61) 

which should be less than the estinlated rotation capacity of 0,20 radians. 

Figure A.14 - Plastic rotation of base plate of uplifting tank [8] 

A.tO Verifications for steel tanks 

A.IO.I Introduction 

The integrity of the corner region between the base plate and the wall of anchored or 
unanchored tanks should be verified under the stresses and strains predicted there from the 
analysis for the seislnic design situation. In addition, the stability of the tank wall near the 
base and above the base should be verified for two possible failure nl0des . 

A.IO.2 Verification of elastic buckling 

This form of buckling has been observed in those parts of the shell where the thickness is 
reduced with respect to the thickness of the base and/or the internal pressure (which has a 
stabilising effect) is also reduced with respect to the lnaximunl value attained at the base. For 
tanks of constant or varying wall thickness, the verification for elastic buckling should take 
place at the base as well as in the wall above the base. Due to the stabilising effect of the 
intenlal pressure, the verification should be based on the InininlU1n possible value of the 
interior pressure in the seismic design situation. 

The verification may be perfonned in accordance with EN 1993-1-6:200X. 

As an alternative, the following inequality may be verified [19]-[23]: 

O"m sO,19 + 0,81 O"p 

O"cl O"ci 

where: 

OJ)) is the maximum vertical merrlbrane stress, 

S 
O"ci =0,6·E

R 

(A.62) 

(A.63) 
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is the ideal critical buckling stress for cylinders loaded in axial compression, and 

(A.64) 

where: 

- pR 
p=--<5 (A.65) 

SO"c1 

with p denoting the minimum possible interior pressure in the seismic design situation, 

A.tO.3 

(A.66a) 

0"0 = 0" O"c1 if: (A.66b) 

with: a = 1-1,24(~J [1 + 2 : 112 1 
1,24(~J -

(A.67) 

and b/s denoting the ratio of maximunl imperfection amplitude to wall thickness, 
which nlay be taken as [8]: 

(~J = 0,06 fR 
s a~--; 

where: 

a = 1 for nOlmal construction 

a = 1,5 for quality construction 

a = 2,5 for very high quality construction 

Elastic-plastic collapse 

(A.68) 

This form of buc1ding ('elephant's foot') nm"mal1y occurs close to the base of the tank, due to 
a combination of vertical compressive stresses and tensile hoop stresses inducing an inelastic 
biaxial state of stress. In tanks with variable wall thiclaless, verification for this nlode of 
buckling should not be limited to the section close to the base of the tank, but should extend to 
the bottmn section of all parts of the wall which have constant thickness. 

The enlpirical equation developed in [24]-[25] to check this fonn of instability is: 
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Il2+r1.15 , 
(A.69) 

where: 

R Is 
r=--' 

400 ' 

,h is the yield strength of the tank wall material in lV1Pa; and 

p is the maximum possible interior pressure in the seisnlic design situation, in MPa. 
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ANNEX B (INFORl\'lA TIVE) 

BURIED PIPELINES 

B.l General design considerations 

1998-4:2006 (E) 

(1) As a rule, pipelines should be laid on soils which are checked to renlain stable under 
the design seismic action. When the condition above cannot be satisfied, the nature and the 
extent of the adverse phenoll1ena should be explicitly assessed, and appropriate design counter 
measures applied. 

(2) T\vo extreme cases: Soil liquefaction and fault movenlents are worth being nlentioned, 
since they require in general design solutions specific to each particular case. 

(3) Soil liquefaction, whenever it did occur, has been a nlajor contributor to pipelines 
distress in past earthquakes. 

(4) Depending on the circumstances, the solution nlay require either increasing the burial 
depth, possibly also encasing the pipes in larger stiff conduits, or in placing the pipeline 
above-ground, supp011ing it at rather large distances on well founded piers. In the latter case 
flexible joints should also be considered to allow for relative displacell1ents between supports. 

(5) Design for fault movements requires estinlating, sometinles postulating, a l1U111ber of 
parameters including: location, size of the area affected, type and nleasure of the fault 
displacement. Given these paranleters, the simplest way of modelling the phenomenon is to 
consider a rigid displacement between the soillnasses interfacing at the fault. 

(6) The general criterion for lllininlizing the effect of an inlposed displacenlent is that of 
introducing the maximunl flexibility into the system which is subjected to it. 

(7) In the case under consideration this can be done: 

by decreasing the burial depth so as to reduce the soil restraint; 

- by providing a large ditch for the pipes, to be filled with soft nlaterial; 

by putting the pipeline above ground, and introducing flexible and extensible p1pmg 
elenlents. 

B.2 Seismic actions on buried pipelines 

(1) The ground motion propagating beneath the soil surface is nlade up of a nlixture of 
body (compression, shear) and surface (Rayleigh, Love, etc) waves: the actual COll1position 
depending 1nost significantly on the focal depth and on the distance between the focus and the 
site. 

(2) The various types of waves have different propagation velocities, and ditTerent 
motions of the particles (i.e. parallel to the propagation of the wave, orthogonal to it, elliptical, 
etc.). Although geophysical-seismological studies can provide SOl1le insight, they are generally 
unable to predict the actual \vave patten1, so that conservative assun1ptions have to be lllade. 
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(3) One often nlade assunlption is to consider in turn the wave pattern to consist entirely 
of a single type of wave, whatever is l1lore unfavourable for a particular effect on the pipeline. 

(4) The wave trains can in this case be easily constructed on the basis of the fi-equency 
content underlying the elastic response spectrUll1 appropriate for the site, by assigning to each 
frequency c01nponent an estimated value of the propagation velocity. 

(5) Theoretical arguments and a nunlber of numerical simulations indicate that the inertia 
forces arising fron1 the interaction between pipe and soil are 111uch sma]]er than the forces 
induced by the soil defornlatioll. This fact allows the soil-pipeline interaction problem to be 
reduced to a static one, i.e., one where the pipeline is deformed by the passage of a 
displacement wave, without consideration of dynan1ic effects. 

(6) The forces on the pipeline can therefore be obtained by a titne-history analysis, where 
tinle is a paranleter whose function is to displace the wave along or across, the structure, 
which is connected to the soil through radial and longitudinal springs. 

(7) A 111uch sinlpler n1ethod is often used, whose accuracy has been proved to be 
cOl11parable with the nlore rigorous approach described above, and which yields in any case an 
upper bound estinlate of the strains in the pipeline, since it assumes it to be flexible enough to 
follow without sJippage nor interaction the deformation of the soil. 

(8) According to this l11ethod [1] the soil Illation is represented by a single sinusoidal 
wave: 

u(x, t) d sin w(t x) 
c 

where d is the total displaceillent an1plitude, and c is the apparent wave speed. 

(B.1) 

(9) The particle nl0tion is assul11ed in tunl to be along the direction of propagation 
(compression waves), and nornlal to it (shear waves) and, for sinlplicity and in order to take 
the worst case, the pipeline axis and the direction of propagation coincide. 

(10) The longitudinal particle lTIOVenlent produces strains in the soil and in the pipeline 
given by the expression: 

au wd x 
(; = - = cosw(t-) (B.2) 

c c 

whose lTIaxinlUI11 value is: 

v 
(8.3) Gmax = 

C 

where: 

v ox! the peak soil velocity 

(II) The transverse particle lnovelllent produces a curvature X in the soil and in the pipe 
given by the expression: 
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x 
2 

W d. ( X) 
2 SInW t 

c c 
(BA) 

whose maXinlUlTI value is: 

a 
(B.5) X max = 

c2 

where: 

a = ei d the peak soi 1 acceleration. 

(12) For the condition of perfect bond between pipe and soil to be satisfied, the availab1e 
friction force per unit length should equilibrate the variation of the longitudinal force leading 
to: 

sE a (B.6) 

where: 

E Modulus of Elasticity of the pipe; 

s thickness of the pipe; and 

rav average shear stress between pipe and soil which depends on the friction coefficient 
between soi 1 and pipe, and on the burial depth. 
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Foreword 

This European Standard 1998-S, Eurocode 8: Design of structures for earthquake 
resistance: Foundations, retaining structures and geotechnical aspects, has been 
prepared by Technical Conlnlittee CEN/TC 2S0 "Structural Eurocodes", the secretariat 
of which is held by BSl. CEN/TC 2S0 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 endorsenlent, at the latest by May 200S, and 
conflicting national standards shall be withdrawn at the latest by March 20 I O. 

This document supersedes ENV 1998-5:1994. 

According to the CEN-CENELEC Internal Regulations, the National Standard 
Organisations of the following countries are bound to inlplement this European 
Standard: Austria, Belgiu111, Cyprus, Czech Republic, Denmark, Estonia, Finland, 
France, Gennany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, 
Luxenlbourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, 
Sweden, S\vitzerland and United Kingdonl. 

Bacl(ground of the Eurocode programme 

In 1975, the Comnlission of the European Community decided on an action programnle 
in the field of construction, based on article 9S of the Treaty. The objective of the 
progranlnle was the elilllination of technical obstacles to trade and the harmonisation of 
technical specifications. 

Within this action progra111111e, the COlnnlission took the initiative to establish a set of 
hanlJonised 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 Menlber States and, 
ultinlately, \vould replace them. 

For fifteen years, the C0111mission, with the help of a Steering COlnmittee with 
Representatives of Member States, conducted the development of the Eurocodes 
progranlme, which led to the first generation of European codes in the 1980's. 

In 1989, the Conltnission and the Member States of the EU and EFTA decided, on the 
basis of an agreenlent 1 between the Cotnmission 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 COlTIlTIission's 
Decisions dealing with European standards (e.g. the Council Directive 89/106/EEC on 
construction products - CPD - and Council Directives 93/37 IEEC, 921S0lEEC and 
89/440/EEC on public works and services and equivalent EFTA Directives initiated in 
pursuit of setting up the inten1al market). 

I Agrecment between the Commission of the European Communities and the Emopean Committee for Standardisation (CEN) 
concerning the work on [UROCODES for the of building and eivil enginccring works (BC/CEN/03/89). 
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The Structural Eurocode progranlnle conlpnses the follo\ving standards general1y 
consisting of a number of Parts: 

EN 1990 
1991 

EN 1992 
EN 1993 
EN 1994 
EN 1995 
EN 1996 
EN 1997 
EN 1998 
EN 1999 

Eurocode: 
Eurocode 1: 
Eurocode 2: 
Eurocode 3: 
Eurocode 4: 
Eurocode 5: 
Eurocode 6: 
Eurocode 7: 
Eurocode 8: 
Eurocode 9: 

Basis of Structural Design 
Actions on structures 
Design of concrete structures 

of steel structures 
Design of conlposite steel and concrete structures 
Design of tinlber structures 
Design of l11asonry structures 
Geotechnical design 
Design of structures for earthquake resistance 
Design of alunliniunl 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 Inatters at national level \vhere continue to vary fr0111 State to State. 

Status and field of application of Eurocodes 

The Melnber States of the and EFTA recognise that Eurocodes serve as reference 
docunlents for the fol1owing purposes: 

as a means to prove conlpliance of building and civil works with the 
essential requirelnents of Council Directive 8911 06/EEC, particu1arly Essential 
Requirement N° 1 - Mechanical resistance and stability and Essential Requirement 
N°2 Safety incase of fire ; 

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

as a franlework for drawing up harnlonised technical specifications for construction 
products (ENs and 

The Eurocodes, as far as they concenl the construction works thenlselves, have a direct 
relationship with the Interpretative Documents2 referred to in Article 12 of the CPD, 
although they are of a different nature fr01n han110nised product standards3

. Therefore, 
technical aspects arising from the Eurocodes work need to be adequately considered by 

Technical Comnlittees and/or EOT A Working Groups working on product 
standards with a vie\v to achieving ful1 cOl11patibility of these technical specifications 
with the Eurocodes. 

2 According to Art. 33 ofthc CPD, thc cssential requirements (ERs) shall be given concrete form in interpretative documents for the 
creation of the links between the essential requiremcnts and the mandates for harl1lonised ENs and ETi\Gs/ETi\s. 

3 According to Art. 12 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 mcthods 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 cstablishment of harmonised standards and guidelines for European technical approvals. 
The Euroeodes, de/acto, playa similar role in the field of the ER I and a part of ER 2. 

5 



EN 1998-5:2004 (E) 

The Eurocode standards provide conlnl0n structural design rules for everyday use for 
the design of whole structures and component products of both a traditional and an 
innovative nature. Unusual fornls 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 in1plelnenting Eurocodes will compnse the full text of the 
Eurocode (including any annexes), as published by which may be preceded by a 
National title page and National foreword, and may be followed by a National annex. 

The National annex nlay only contain infornlation on those parameters which are left 
open in the Eurocode for national choice, known as Nationally Deten11ined Paranleters, 
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 syn1bo] only is given in the Eurocode, 

country specific data (geographical, climatic, etc.), e.g. snow Inap, 

- 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 cOlnplelnentary infonnation 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 works4

. Furthermore, all the 
infonnation accon1panying the Marking of the construction products which refer to 
Eurocodes shall clearly mention which Nationally Detennined Parameters have been 
taken into account. 

Additional information specific to EN 1998-5 

The scope of Eurocode 8 is defined in 1998-1 :2004, 1.1.1 and the scope of this Part 
of Eurocode 8 is defined in 1.1. Additional Parts of Eurocode 8 are listed in 1998-
1:2004, 1.1.3. 

~ see Art.3.3 and Artl of the CPD, as well 4.3. J, 4.3.2 and 5.2 of ID J. 
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EN 1998-5 :2004 is intended for use by: 

clients (e.g. for the fonnulation of their specific requiren1ents on reliability 
levels and durability) ; 

designers and constructors ; 

relevant authorities. 

For the design of structures in seismic regions the provisions of this European Standard 
are to be applied in addition to the provisions of the other relevant parts of Eurocode 8 
and the other relevant Eurocodes. In particular, the provisions of this European Standard 
con1plelTIent those of 1997 -1 :2004, which do not cover the special requirelTIents of 
seismic design. 

Owing to the con1bination of uncertainties in seisn1ic actions and ground nlaterial 
properties, Part 5 n1ay not cover in detail every possible design sihlation and its proper 
use lTIay require specialised engineering judgen1ent and experience. 

National annex for EN 1998-5 

This standard gives alternative procedures, values and recon1mendations for classes 
with notes indicating where national choices lTIay have to be made. Therefore the 
National Standard implementing EN 1998-5 should have a National annex containing 
all Nationally Detern1ined 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 1998-5'2004 throuo-h clauses' 'b' 

Reference Item 

1.1 (4) lnfonnative Annexes A, C, D and F 

3.1 (3) Partial factors for n1aterial properties 

4.1.4(11) Upper stress limit for susceptibility to liquefaction 

5.2 (2)c) Reduction of peak ground acceleration with depth from ground surface 
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1 GENERAL 

1.] Scope 

(1)P This Part of Eurocode 8 establishes the requirenlents, criteria, and nIles for the 
siting and foundation soil of structures for earthquake resistance. It covers the design of 
different foundation systems, the design of earth retaining structures and soil-structure 
interaction under seismic actions. As such it conlplenlents Eurocode 7 which does not 
cover the special requirelnents of seismic design. 

(2)P The provisions of Part 5 apply to buildings (EN 1998-1), bridges (EN 1998-2), 
towers, n1asts and chinlneys (EN 1998-6), silos, tanks and pipelines (EN 1998-4). 

(3)P Specialised design requirements for the foundations of certain types of 
structures, when necessary, shall be found in the relevant Parts of Eurocode 8. 

(4) Annex B of this Eurocode provides elnpirical charts for simplified evaluation of 
Jiquefaction potential, whlle Annex E gives a simplified procedure for seisnlic analysis 
of retaining structures. 

NOTE] Informative Annex A provides information on topographic amplification factors. 

NOTE 2 Informative Annex C provides information on the static stiffness of piles. 

NOTE 3 Informative Annex D provides infol111ation on dynamic soil-structure interaction. 

NOTE 4 Informative Annex F provides information on the seismic bearing capacity of shallow 
foundations. 

1.2 Normative references 

(l)P This European Standard incorporates by dated or undated reference, provisions 
from other publications. These nonnative references are cited at the appropriate places 
in the text and the publications are listed hereafter. For dated references, subsequent 
amendnlents 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 atnendments). 

1.2.1 General reference standards 

EN 1990 

EN 1997-1 

EN 1997-2 

EN 1998-1 

EN 1998-2 
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Eurocode - Basis of structural design 

Eurocode 7 Geotechnical design Part 1: General rules 

Eurocode 7 - Geotechnical design - Part 2: Ground investigation and 
testing 

Eurocode 8 - Design of structures for earthquake resistance Part 1: 
General rules, seisnlic ac60ns and rules for bulldings 

Eurocode 8 Design of structures for ealihquake resistance Part 2: 
Bridges 
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EN 1998-4 Eurocode 8 Design of structures for earthquake resistance - Part 4: 
Silos, tanks and pipelines 

EN 1998-6 Eurocode 8 - Design of structures for earthquake resistance - Part 6: 
Towers, nlasts and chi111neys 

1.3 Assumptions 

(l)P The general assunlptions of EN 1990:2002, 1.3 apply. 

1.4 Distinction between principles and applications rules 

(l)P The rules of 1990:2002, 1.4 apply. 

1.5 Terms and definitions 

1.5.1 Terms common to all Eurocodes 

(1)P The temlS and definitions given in EN 1990:2002, 1.5 apply. 

(2)P EN 1998-1 :2004, 1.5.1 applies for tenl1S COlnmon to all Eurocodes. 

1.5.2 Additional terms used in the present standard 

(1)P The definition of ground found in 1997 -1 :2004, 1.5.2 applies while that of 
other geotechnical ternlS specifically related to earthquakes, such as liquefaction, are 
given in the text. 

(2) F or the purposes of this standard the tenllS defined in EN 1998-1 :2004, 1.5.2 
apply. 

1.6 Symbols 

(1) For the purposes of this European Standard the following sYlnbo]s apply. All 
synlbols used in Part 5 are defined in the text when they first occur, for ease of use. In 
addition, a list of the sYlnbols is given belo\v. SOl1le sytnbols occurring only in the 
annexes are defined therein: 

Ed Design action 

Lateral resistance on the side of footing due to passive earth pressure 

ER Energy ratio in Standard Penetration Test (SPT) 

F H Design seismic horizontal inertia force 

Fv Design seismic vertical inertia force 

F Rd Design shear resistance between horizontal base of footing and the ground 

G Shear modulus 

Gmax A verage shear modulus at small strain 

Ie Distance of anchors frOln wall under dynamic conditions 

Distance of anchors frOin wall under static conditions 
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MEd Design action in terms of n10n1ents 

N 1(60) SPT blowcount value nortnalised for overburden effects and for energy ratio 

NEd Design nOll11al force on the horizontal base 

NSPT Standard Penetration Test (SPT) blowcount value 

Pi Plasticity Index of soil 

Rd Design resistance of the soil 

S Soil factor defined in 1998-1 :2004, 3.2.2.2 

Sr Topography amplification factor 

VEd Design horizontal shear force 

W Weight of sliding lnass 

Design ground acceleration on type A ground (Gg YI GgR) 

GgR Reference peak ground acceleration on type A ground 

Gvg Design ground acceleration in the vertical direction 

c' Cohesion of soil in terms of effective stress 

eu Undrained shear strength of soil 

d Pile dian1eter 

dr Displacement of retaining walls 

g Acceleration of gravity 

kh Horizontal seismic coefficient 

kv Vertical SeiS111ic coefficient 

qu Unconfined compressive strength 

r Factor for the calculation of the horizontal seismic coefficient (Table 7.1) 

Vs Velocity of shear wave propagation 

Vs,max Average Vs value at sl11a11 strain ( < 10-5
) 

a 

Y 

Ratio of the design ground acceleration on type A ground, 
of gravity g 

Unit weight of soil 

Yd Dry unit \veight of soil 

YI In1portance factor 

YM Partial factor for n1aterial property 

YRd Model partial factor 

Yw Unit weight of water 

to the acceleration 

o Friction angle between the ground and the footing or retaining wall 

~' Angle of shearing resistance in tern1S of effective stress 

p Unit Inass 

10 
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Total overburden pressure, same as total vertical stress 

Effective overburden pressure, same as effective vertical stress 

Cyclic undrained shear strength of soil 

Seismic shear stress 

S.1. Units 

S.l. Units shall be used in accordance with ISO 1000. 

In addition the units recommended in 1998-1:2004, 1.7 apply. 

NOTE For geotechnical calculations, reference should be made to EN 1997-1 :2004, 1.6 (2). 
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2 SEISMIC ACTION 

2.1 Definition of the seisnlic action 

(l)P The seisnlic action shall be consistent with the basic concepts and definitions 
given in EN 1998-1 :2004, 3.2 taking into account the provisions given in 4.2.2. 

(2)P Combinations of the seisInic action with other actions shall be carried out 
according to 1990:2002, 6.4.3.4 and EN 1998-1 :2004, 3.2.4. 

(3) Sinlplifications in the choice of the seisnlic action are introduced in this 
European Standard wherever appropriate. 

2.2 Time-history representation 

(l)P If tinle-donlain analyses are performed, both artificial accelerograms and real 
strong nlotion recordings may be used. Their peak value and frequency content shall be 
as specified in 1998-1 :2004, 3.2.3.1. 

(2) In verifications of dynanlic stability involving calculations of pernlanent ground 
defonnations the excitation shou1d preferably consist of accelerogranls recorded on soil 
sites in real earthquakes, as they possess realistic low frequency content and proper time 
correlation between horizontal and vertical components of motion. The strong Inotion 
duration should be selected in a manner consistent with EN 1998-1 :2004, 3.2.3.1. 

12 
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3 GROUND PROPERTIES 

3.1 Strength parameters 

(1) The value of the soil strength paraIneters applicable under static undrained 
conditions n1ay generally be used. For cohesive soils the appropriate strength parameter 
is the undrained shear strength Cu, adjusted for the rapid rate of loading and cycllc 
degradation effects under the earthquake loads when such an adjustment is needed and 
justified by adequate experin1ental evidence. For cohesionless soil the appropriate 
strength paraIneter is the cyclic undrained shear strength Lcy,u which should take the 
possible pore pressure build-up into account 

(2) Altel11atively, effective strength parameters with appropriate pore water pressure 
generated during cyclic loading n1ay be used. For rocks the unconfined c0I11pressive 
strength, qu, may be used. 

(3) The partial factors (YM) for Inaterial properties cu, Lcy,u and qu are denoted as Yell, 
Ytcy and Yqu, and those for tan cp' are denoted as Yq," 

NOTE The values ascribed to Yell' Y,cy, Yqu, and Y~' for use in a country may be found in its National 
Annex. The recommended values are Yell 1 Y::cy = Yqu 1,4, and Y(I)' 1.25. 

3.2 Stiffness and damping parameters 

(1) Due to its influence on the design seismic actions, the main stiffness paran1eter 
of the ground under earthquake loading is the shear n10dulus G, given by 

G 
') 

Py'" (3.1) 

\vhere p is the unit Inass and Vs is the shear wave propagation velocity of the ground. 

(2) Criteria for the detelmination of vs, including its dependence on the soil strain 
level, are given in 4.2.2 and 4.2.3. 

(3) Damping should be considered as an additional ground property in the cases 
where the effects of soil-structure interaction are to be taken into account, specified in 
Section 6. 

(4) Internal da111ping, caused by inelastic solI behaviour under cyclic loading, and 
radiation damping, caused by seislnic waves propagating away from the foundation, 
should be considered separately. 
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4 REQUIREMENTS FOR SrrING AND FOR FOUNDATION 
SOILS 

4.1 Siting 

4.1.1 General 

(l)P An assessnlent of the site of construction shall be carried out to deternline the 
nature of the supporting ground to ensure that hazards of rupture, slope instability, 
liquefaction, and high densification susceptibility in the event of an earthquake are 
nlininlised. 

(2)P The possibility of these adverse phenolnena occurring shall be investigated as 
specified in the following subclauses. 

4.1.2 Proximity to seismically active faults 

(l)P Buildings of inlportance classes II, III, IV defined in EN 1998-1 :2004, 4.2.5, 
shall not be erected in the inllnediate vicinity of tectonic faults recognised as being 
seisnlical1y active in official docutnents issued by competent national authorities. 

(2) An absence of 1110venlent in the Late Quaternary lnay be used to identify n011 
active faults for most structures that are not critical for public safety. 

(3)P Special geological investigations shall be carried out for urban planning 
purposes and for inlportant structures to be erected near potentially active faults in areas 
of high SeiS111icity, in order to determine the ensuing hazard in terms of ground rupture 
and the severity of ground shaking. 

4.1.3 Slope stability 

4.1.3.1 General requirements 

(l)P A verification of ground stability shall be carried out for stluctures to be erected 
on or near natural or artificial slopes, in order to ensure that the safety and/or 
serviceability of the structures is preserved under the design earthquake. 

(2)P Under earthquake loading conditions, the lin1it state for slopes is that beyond 
which unacceptably large permanent displacements of the ground mass take place 
within a depth that is significant both for the structural and functional effects on the 
structures. 

(3) The verification of stability nlay be omitted for buildings of illlportance class I if 
it is known frOIll comparable experience that the ground at the construction site is 
stable. 

4.1.3.2 Seismic action 

(l)P The design seismic action to be assu111ed for the verification of stability shall 
confornl to the definitions given in 2.1. 
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(2)P An increase in the design seis111ic action shall be introduced, through a 
topographic aInplification factor, in the ground stability verifications for structures with 
importance factor YI greater than 1,0 on or near slopes. 

NOTE Some guidelines for values of the topographic amplification factor are given III 

Informative Annex A. 

(3) The seislnic action may be sin1pllfied as specified in 4.1.3.3. 

4.1.3.3 J\'lethods of analysis 

(l)P The response of ground slopes to the design earthquake shall be calculated either 
by Ineans of established methods of dynan1ic analysis, such as finite elen1ents or rigid 
block n10dels, or by simplified pseudo-static methods subject to the l1nlitations of (3) 
and (8) of this subclause. 

(2)P In n10delling the 111echanical behaviour of the soil ll1edia, the softening of the 
response with increasing strain level, and the possible effects of pore pressure increase 
under cyclic loading shall be taken into account 

(3) The stability verification n1ay be carried out by means of sin1plified pseudo
static nlethods where the surface topography and soil stratigraphy do not present very 
abrupt irregularities. 

(4) The pseudo-static n1ethods of stability analysis are sin111ar to those indicated in 
EN 1997-1 :2004, 11.5, except for the inclusion of horizontal and vertical inertia forces 
applied to every portion of the soil mass and to any gravity loads acting on top of the 
slope. 

(5)P The design seismic inertia forces FH and F y acting on the ground 111ass, for the 
horizontal and vertical directions respectively, in pseudo-static analyses shall be taken 
as: 

= 0,5a ·s·TtV ( 4.1) 

Fy ±0,5FH if the ratio avglag is greater than 0,6 (4.2) 

Fy = ±O,33FH if the ratio avglag is not greater than 0,6 (4.3) 

where 

a is the ratio of the design ground acceleration on type A ground, ag, to the 
acceleration of gravity g; 

a vg is the design ground acceleration in the vertical direction; 

is the design ground acceleration for type A ground; 

S is the soil parameter of 1998-1 :2004, 3.2.2.2; 

TV is the weight of the sliding mass. 

A topographic amplification factor for ag shall be taken into account according to 
4.1.3.2 (2). 
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(6)P A limit state condition shall then be checked for the least safe potential slip 
surface. 

(7) The serviceability limit state condition may be checked by calculating the 
permanent displacenlent of the sliding nlass by using a sinlplified dynaInic nl0del 
consisting of a rigid block sliding against a friction force on the slope. In this model the 
seis1nic action should be a time history representation in accordance with 2.2 and based 
on the design acceleration without reductions. 

(8)P Silnplified lnethods, such as the pseudo-static simplified methods lnentioned in 
(3) to (6)P in this subclause, shall not be used for soils capable of developing high pore 
water pressures or significant degradation of stiffness under cyclic loading. 

(9) The pore pressure increment should be evaluated using appropriate tests. In the 
absence of such tests, and for the purpose of preliminary design, it may be estilnated 
through empirical con-elations. 

4.1.3.4 Safety verification for the pseudo-static method 

(l)P For saturated soils in areas where a·S > 0,15, consideration shall be given to 
possible strength degradation and increases in pore pressure due to cyclic loading 
subject to the lilnitations stated in 4.1.3.3 (8). 

(2) For quiescent slides where the chances of reactivation by earthquakes are higher, 
large strain values of the ground strength parameters should be used. In cohesionless 
materials susceptible to cyclic pore-pressure increase within the limits of 4.1.3.3, the 
latter may be accounted for by decreasing the resisting frictional force through an 
appropriate pore pressure coefficient proportional to the maxilnum increlnent of pore 
pressure. Such an increment may be estimated as indicated in 4.1.3.3 (9). 

(3) No reduction of the shear strength need be applied for strongly dilatant 
cohesionless soils, such as dense sands. 

(4)P The safety verification of the ground slope shall be executed according to the 
principles of EN 1997-1 :2004. 

4.1.4 Potentially liquefiable soils 

(l)P A decrease in the shear strength and/or stiffness caused by the increase in pore 
water pressures in saturated cohesionless n1aterials during earthquake ground lnotion, 
such as to give rise to significant permanent defonnations or even to a condition of 
near-zero effective stress in the soil, shall be hereinafter referred to as liquefaction. 

(2)P An evaluation of the liquefaction susceptibility shall be lnade when the 
foundation soils include extended layers or thick lenses of loose sand, with or without 
sih/clay fines, beneath the water table level, and when the water table level is close to 
the ground surface. This evaluation shall be perfonned for the free-field site conditions 
(ground surface elevation, water table elevation) prevailing during the lifetin1e of the 
structure. 
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(3)P Investigations required for this purpose shall as a 1111l11nlUnl include the 
execution of either in situ Standard Penetration Tests (SPT) or Cone Penetration Tests 
(CPT), as well as the detennination of grain size distribution curves in the laboratory. 

(4)P For the SPT, the nleasured values of the blowcount expressed in 
blows/30 Cln, shall be nOrIllalised to a reference effective overburden pressure of 100 
kPa and to a ratio of ilnpact energy to theoretical free-fall energy of 0,6. For depths of 
less than 3 111, the Ineasured values should be reduced by 250/0. 

(5) Normalisation with respect to overburden effects may be performed by 
multiplying the tneasured iVSPT value by the factor (l OO/a/ YO) 112, where a/yO (kPa) is the 
effective overburden pressure acting at the depth where the SPT measurement has been 
made, and at the tin1e of its execution. The normalisation factor (1 OO/a' YO) 112 should be 
taken as being not slnaller than 0,5 and not greater than 2. 

(6) Energy nonnalisation requires luultiplying the blowcount value obtained in (5) 
of this subclause by the factor ER/60, where ER is one hundred times the energy ratio 
specific to the testing equiPluent. 

(7) For buildings on shallow foundations, evaluation of the liquefaction 
susceptibility luay be oluitted when the saturated sandy soils are found at depths greater 
than 15 m fron1 ground surface. 

(8) The liquefaction hazard may be neglected when a·S < 0,15 and at least one of 
the following conditions is fulfilled: 

the sands have a clay content greater than 200/0 with plasticity index PI > 10; 

the sands have a silt content greater than 350/0 and, at the satne tilDe, the SPT 
blowcount value nOrIDa1ised for overburden effects and for the energy ratio 
N 1(60) 20; 

the sands are clean, with the SPT blowcount value norn1alised for overburden 
effects and for the energy ratio N,(60) 30. 

(9)P If the liquefaction hazard may not be neglected, it shall as a ll11111111unl be 
evaluated by well-established methods of geotechnical engineering, based on field 
con-elations between in situ measurements and the critical cyclic shear stresses lUlown 
to have caused liquefaction during past earthquakes. 

(10) Enlpirical liquefaction charts illustrating the field con-elation approach under 
level ground conditions applied to different types of in situ measurements are given in 
Annex B. In this approach, the seisluic shear stress Tc, n1ay be estimated from the 
siluplified expression 

Tc = 0,65 a ·s.ayO (4.4) 

where a yO is the total overburden pressure and the other variables are as in expressions 
(4.1) to (4.3). This expression l11ay not be applied for depths larger than 20 n1. 

(11)P If the field correlation approach is used, a soil shall be considered susceptible to 
liquefaction under level ground conditions whenever the earthquake-induced shear 
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stress exceeds a certain fraction A of the critical stress kllown to have caused 
liquefaction in previous earthquakes. 

NOTE The value ascribed to Iv for use in a Country may be found in its National Annex. The 
recommended value is ) .. = 0,8, which implies a safety factor of 125. 

(l2)P If soils are found to be susceptible to liquefaction and the ensuing effects are 
deenled capable of affecting the load bearing capacity or the stability of the foundations, 
nleasures, such as ground ilnprovement and pjIing (to transfer loads to layers not 
susceptible to liquefaction), shall be taken to ensure foundation stability. 

(13) Ground inlprovenlent against liquefaction should either conlpact the soil to 
increase its penetration resistance beyond the dangerous range, or use drainage to 
reduce the excess pore-water pressure generated by ground shaking. 

NOTE The feasibility of compaction is mainly governed by the fines content and depth of the 
soil. 

(14) The use of pile foundations alone should be considered with caution due to the 
large forces induced in the piles by the loss of soil support in the liquefiable layer or 
layers, and to the inevitable uncertainties in deternlining the location and thickness of 
such a layer or layers. 

4.1.5 Excessive settlements of soils under cyclic loads 

(l)P The susceptibility of foundation soils to densification and to excessive 
settlenlents caused by earthquake-induced cyclic stresses shall be taken into account 
when extended layers or thick lenses of loose, unsaturated cohesionless nlaterials exist 
at a shallow depth. 

(2) Excessive settlenlents l11ay also occur in very soft clays because of cyclic 
degradation of their shear strength under ground shaking of long duration. 

(3) The densification and settlement potential of the previous soils should be 
evaluated by available nlethods of geotechnical engineering having recourse, if 
necessary, to appropriate static and cyclic laboratory tests on representative specilnens 
of the investigated nlaterials. 

(4) If the settlenlents caused by densification or cyclic degradation appear capable 
of affecting the stability of the foundations, consideration should be given to ground 
improvelnent methods. 

4.2 Ground investigation and studies 

4.2.1 General criteria 

(l)P The investigation and study of foundation nlaterials in seisnlic areas shall follow 
the sanle criteria adopted in non-seismic areas, as defined in 1997 -1 :2004, Section 
3. 

(2) With the exception of buildings of importance class I, cone penetration tests, 
possibly with pore pressure measurements, should be included whenever feasible in the 
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field investigations, since they provide a continuous record of the soil mechanical 
characteristics with depth. 

(3)P Seisl11ically-oriented, additional investigations may be required In the cases 
indicated in 4.1 and 4.2.2. 

4.2.2 Determination of the ground type for the definition of the seismic action 

(l)P Geotechnical or geological data for the construction site shall be available in 
sufficient quantity to allow the deternlination of an average ground type and/or the 
associated response spectru111, as defined in EN 1998-1 :2004, 3.1, 3.2. 

(2) F or this purpose, in situ data may be integrated with data frOl11 adjacent areas 
with similar geological characteristics. 

(3) Existing seislnic microzonation Inaps or criteria should be taken into account, 
provided that they confon11 with (l)P of this subclause and that they are supported by 
ground investigations at the construction site. 

(4)P The profile of the shear wave velocity Vs in the ground shall be regarded as the 
1110st reliable predictor of the site-dependent characteristics of the SeiS111ic action at 
stable sites. 

(5) In situ 111easurements of the Vs profile by in-hole geophysical n1ethods should be 
used for il11portant structures in high seistnicity regions, especially in the presence of 
ground conditions of type D, SI, or S2. 

(6) For all other cases, when the natural vibration periods of the soil need to be 
deternlined, the Vs profile nlay be estinlated by empirical conelations using the in situ 
penetration resistance or other geotechnical properties, allowing for the scatter of such 
conelations. 

(7) Internal soil danlping should be nleasured by appropriate laboratory or field 
tests. In the case of a lack of direct measurements, and if the product ag·S is less than 0,1 
g (i.e. less than 0,98 111/S2), a dan1ping ratio of 0,03 should be used. Structured and 
celnented soils and soft rocks may require separate consideration. 

4.2.3 Dependence of the soil stiffness and damping on the strain level 

(l)P The difference between the small-strain values of vs, such as those measured by 
in situ tests, and the values cOlnpatible with the strain levels induced by the design 
earthquake shall be taken into account in all calculations involving dynamic soil 
properties under stable conditions. 

(2) For local ground conditions of type C or D with a shallow water table and no 
materials with plasticity index PI 40, in the absence of specific data, this lnay be done 
using the reduction factors for Vs given in Table 4.1. For stiffer soil profiles and a deeper 
water table the alnount of reduction should be proportionately slnaller (and the range of 
variation should be reduced). 
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(3) If the product Gg'S is equal to or greater than 0,1 (i.e. equal to or greater than 
0,98 m/s2), the internal daInping ratios given in Table 4.1 should be used, in the absence 
of speci fie Ineasurements. 

Table 4.1- Average soil damping ratios and average reduction factors (± one 
standard deviation) for shear wave velocity Vs and shear modulus G within 20 m 

depth. 

I Ground acceleration Dalnping ratio G 

ratio, a.S Gm3x 

0,10 
I 

0,03 0,90(±0,07) 0,80(±0, 1 0) 

0,20 0,06 0,70(±0,15) 
i 

0,50(±0,20) 

0,30 0,10 0,60(±0,15) 
I 

0,36(±0,20) 

Vs, max is the average Vs value at sn1al1 strain « 1 0-5
), not exceeding 360 mls. 

Gmax is the average shear modulus at small strain. 

20 

NOTE Through the one standard deviation ranges the designer can introduce different amounts of 
conservatism, depending on such factors as stiffness and layering of the soil profile. Values of 

and G/GI11 'J:\ above the average could, for example, be llsed for stiffer profiles, and values of 
and below the average could be llsed for softer profiles. 
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5 FOlTNDATION SYSTEM 

5.1 General requirements 

(l)P In addition to the general rules of EN 1997-1 :2004 the foundation of a structure 
in a seisn1ic area sha1l confonn to the following requiren1ents. 

a) The relevant forces froln the superstructure shall be transferred to the ground without 
substantial pern1anent deforn1ations according to the criteria of 5.3.2. 

b) The seismically-induced ground deforn1ations are cOlnpatible with the essential 
functional requirements of the structure. 

c) The foundation shall be conceived, designed and built following the rules of 5.2 and 
the Ininin1um measures of 5.4 in an effort to lilnit the risks associated with the 
uncertainty of the seisn1ic response. 

(2)P Due account shall be taken of the strain dependence of the dynan1ic properties of 
soils (see 4.2.3) and of effects related to the cyclic nature of seis111ic loading. The 
properties of in-situ in1proved or even substituted soil shall be taken into account if the 
improvement or substitution of the original soil is lnade necessary by its susceptibility 
to liquefaction or densification. 

(3) Where appropriate (or needed), ground material or resistance factors other than 
those mentioned in 3.1 (3) may be used, provided that they correspond to the san1e level 
of safety. 

NOTE Examples are resistance factors applied to the results of pile load tests. 

5.2 Rules for conceptual design 

(l)P In the case of structures other than bridges and pipelines, n1ixed foundation 
types, ego piles with shallow foundations, shall only be used if a specific study 
demonstrates the adequacy of such a solution. Mixed foundation types may be used in 
dynamically independent units of the same structure. 

(2)P In selecting the type of foundation, the following points shall be considered. 

a) The foundation shall be stiff enough to uniformly transmit the localised actions 
received from the superstructure to the ground. 

b) The effects of horizontal relative displacements between vertical elelnents shall be 
taken into account when selecting the stiffness of the foundation within its horizontal 
plane. 

c) If a decrease in the amplitude of seislnic motion with depth is assun1ed, this shall be 
justified by an appropriate study, and in no case n1ay it correspond to a peak 
acceleration ratio lower than a certain fraction p of the product a·S at the ground 
surface. 
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NOTE The vallie ascribed to p for use in a Country may be found in its National Annex. The 
recommended value is p 0,65. 

5.3 Design action effects 

5.3.1 Dependence on structural design 

(l)P Dissipative structures. The action effects for the foundations of dissipative 
structures shall be based on capacity design considerations accounting for the 
developn1ent of possible overstrength. The evaluation of such effects shall be in 
accordance with the appropriate clauses of the relevant parts of Eurocode 8. For 
buildings in particular the limiting provision of EN 1998-1 :2004, 4.4.2.6 (2)P shall 
apply. 

(2)P Non-dissipative structures. The action effects for the foundations of non
dissipative struchlres shall be obtained from the analysis in the seismic design situation 
without capacity design considerations. See also EN 1998-1 :2004, 4.4.2.6 (3). 

5.3.2 Transfer of action effects to the ground 

(l)P To enable the foundation systelll to confOlID to 5.1(1)P a), the following criteria 
shall be adopted for transferring the horizontal force and the nonnal force/bending 
monlent to the ground. For piles and piers the additional criteria specified in 5.4.2 shall 
be taken into account. 

(2)P Horizontal force. The design horizontal shear force VEd shall be transferred by 
the following tnechanisms: 

a) by Ineans of a design shear resistance F Rd between the horizontal base of a footing or 
of a foundation-slab and the ground, as described in 5.4.1.1; 

b) by means of a design shear resistance between the vertical sides of the foundation 
and the ground; 

c) by Ineans of design resisting earth pressures on the side of the foundation, under the 
limitations and conditions described in 5.4.1.1, 5.4.1.3 and 5.4.2. 

(3)P A con1bination of the shear resistance with up to 30% of the resistance arising 
froln fully-n10bilised passive earth pressures shall be allowed. 

(4)P Normal.force and bending moment. An appropriately calculated design normal 
force NEd and bending nlomentMEd shall be transferred to the ground by means of one 
or a con1bination of the following lnechanislns: 

a) by the design value of resisting vertical forces acting on the base of the foundation; 

b) by the design value of bending n10n1ents developed by the design horizontal shear 
resistance between the sides of deep foundation elen1ents (boxes, piles, caissons) and 
the ground, under the lilnitations and conditions described in 5.4.1.3 and 5.4.2; 

c) by the design value of vertical shear resistance bet\veen the sides of enlbedded and 
deep foundation elen1ents (boxes, piles, piers and caissons) and the ground. 
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5.4 Verifications and dimensioning criteria 

5.4.1 Shallolv or embedded foundations 

(I)P The following verifications and dinlensioning criteria shall apply for shallow or 
enlbedded foundations bearing directly onto the underlying ground. 

5.4.1.1 Footings (ultimate limit state design) 

(1)P In accordance with the ultil11ate lil11it state design criteria, footings shan be 
checked against failure by sliding and against bearing capacity failure. 

(2)P Failure by sliding. In the case of foundations having their base above the water 
table, this type of failure shall be resisted through friction and, under the conditions 
specified in (5) of this subclause, through lateral earth pressure. 

(3) In the absence of 1110re specific studies, the design friction resistance for footings 
above the water table, FRd, may be calculated fron1 the following expression: 

tan8 
FRd =NEd --

YM 

where 

NEd is the design normal force on the horizontal base; 

(5.1 ) 

8 is the structure-ground interface friction angle on the base of the footing, which 
may be evaluated according to EN 1997-1 :2004, 6.5.3; 

Y~l is the partial factor for nlaterial property, taken with the sanle value as that to be 
applied to tan ~/ (see 3.1 (3)). 

(4)P In the case of foundations below the water table, the design shearing resistance 
shall be evaluated on the basis of undrained strength, in accordance with 1997-
1 :2004, 6.5.3. 

(5) The design lateral resistance Epd arising frOln earth pressure on the side of the 
footing nlay be taken into account as specified in 5.3.2, provided appropriate nleasures 
are taken on site, such as conlpacting of backfill against the sides of the footing, driving 
a foundation vertical wall into the soil, or pouring a concrete footing directly against a 
clean, vertical soil face. 

(6)P To ensure that there is no failure by sliding on a horizontal base, the following 
expression shall be satisfied. 

(5.2) 

(7) In the case of foundations above the water table, and provided that both of the 
following conditions are fulfilled: 

the soil properties remain unaltered during the earthquake; 

sliding does not adversely affect the performance of any lifelines (eg water, gas, 
access or telecolnmunication lines) connected to the structure; 
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a lilnited an10unt of sliding may be tolerated. The magnitude of sliding should be 
reasonable when the overall behaviour of the structure is considered. 

(8)P Bearing capaci(v failure. To satisfy the requiren1ent of 5.1 (1)P a), the bearing 
capacity of the foundation shan be verified under a con1bination of applied action 
effects iYEd , and -<o/lEd. 

NOTE To verify the seismic bearing capacity of the foundation, the general expression and 
criteria provided in Informative Annex F may be used, which allow the load inc1ination and 
eccentricity arising from the inertia forces in the structure as well as the possible effects of the 
inertia forces in the supporting soil itself to be taken into account. 

(9) Attention is drawn to the fact that some sensitive clays 111ight suffer a shear 
strength degradation, and that cohesionless materials are susceptible to dynamic pore 
pressure build-up under cyclic loading as well as to the upwards dissipation of the pore 
pressure fron1 underlying layers after an earthquake. 

(10) The evaluation of the bearing capacity of soil under seismic loading should take 
into account possible strength and stiffness degradation nlechanisnls which lnight start 
even at relatively low strain levels. If these phenonlena are taken into account, reduced 
values for the partial factors for material properties nlay be used. Otherwise, the values 
referred to in 3.1 (3) should used. 

(11) The rise of pore water pressure under cyclic loading should be taken into 
account, either by considering its effect on undrained strength (in total stress analysis) 
or on pore pressure (in effective stress analysis). For structures with in1portance factor YI 
greater than 1,0, non-linear soil behaviour should be taken into account in determining 
possible pern1anent deformation during earthquakes. 

5.4.1.2 Foundation horizontal connections 

(l)P Consistent with 5.2 the additional action effects induced in the structure by 
horizontal relative displacements at the foundation shall be evaluated and appropriate 
n1easures to adapt the design taken. 

(2) F or buildings, the requirenlent specified in (l)P of this subclause is deemed to 
be satisfied if the foundations are arranged on the sanle horizontal plane and tie-beams 
or an adequate foundation slab are provided at the level of footings or pile caps. 
measures are not necessary in the following cases: a) for ground type A, and b) in low 
seismicity cases for ground type B. 

(3) The bean1s of the lower floor of a building nlay be considered as tie-beanls 
provided that they are located within 1,0 m from the bottonl face of the footings or pile 
caps. A foundation slab may possibly replace the tie-beams, provided that it too IS 

located within 1,0 111 from the bottom face of the footings or pile caps. 

(4) The necessary tensile strength of connecting elen1ents nlay be estilnated by 
sin1plified lnethods. 

(5)P If more precise rules or n1ethods are not available, the foundation connections 
shall be considered adequate when all the rules given in (6) and (7) of this subclause are 
n1et. 
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(6) Tie-beams 

The following measures should be taken: 

a) the tie-beallls should be designed to withstand an axial force, considered both in 
tension and conlpression, equal to: 

± 0,3 U·S·NEd for ground type B 

± 0,4 U·S-NEd for ground type C 

± 0,6 U·S-NEd for ground type D 

where NEd is the mean value of the design axial forces of the connected vertical 
elenlents in the seismic design situation; 

b) longitudinal steel should be fully anchored into the body of the footing or into the 
other tie-beams framing into it. 

(7) Foundation slab 

The following measures should be taken: 

a) Tie-zones should be designed to withstand axial forces equal to those given in (6) a) 
of this subclause. 

b) The longitudinal steel of tie-zones should be fully anchored into the body of the 
footings or into the continuing slab. 

5.4.1.3 Raft foundations 

(l) All the provisions of 5.4.1.1 may also be applied to raft foundations, but with the 
following qualifications: 

a) The global frictional resistance may be taken into account in the case of a single 
foundation slab. For sinlple grids of foundation beams, an equivalent footing area lllay 
be considered at each crossing. 

b) Foundation beanls and/or slabs may be considered as being the connecting ties; the 
rule for their dimensioning is applicable to an effective width conesponding to the 
width of the foundation beam or to a s1ab width equal to ten tin1es its thickness. 

(2) A raft foundation nlay also need to be checked as a diaphragn1 within its own 
p1ane, under its own lateral inertial loads and the horizontal forces induced by the 
superstructure. 

5.4.1.4 Box-type foundations 

(l) All the provisions of 5.4.1.3 lllay also be applied to box-type foundations. In 
addition, lateral soil resistance as specified in 5.3.2 (2) and 5.4.1.1 (5), 111ay be taken 
into account in all soil categories, under the prescribed limitations. 
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5.4.2 Piles and piers 

(l)P Piles and piers shall be designed to resist the following two types of action 
effects. 

a) Inertia forces fronl the superstructure. Such forces, conlbined with the static loads, 
give the design values NEd, VEd, MEd specified in 5.3.2. 

b ) Kinematic forces arising from the defo1111ation of the surrounding soil due to the 
passage of seisnlic waves. 

(2)P The ultilnate transverse load resistance of piles shall be verified in accordance 
with the principles of EN 1997-1:2004,7.7. 

(3)P Analyses to detelll1ine the internal forces along the pile, as well as the det1ection 
and rotation at the pile head, shall be based on discrete or continuunl models that can 
realistically (even if approxinlately) reproduce: 

the flexural stiffness of the pi Ie; 

the soil reactions along the pile, with due consideration to the effects of cyclic 
loading and the nlagnitude of strains in the soil; 

the pile-to-pile dynanlic interaction effects (also called dynamic "pile-group" 
effects); 

the degree of freedoll1 of the rotation at/of the pile cap, or of the connection 
between the pile and the structure. 

NOTE To compute the pile stiffnesses the expressions given in Informative Annex C may be lIsed as 
a guide. 

(4)P The side resistance of soil layers that are susceptible to liquefaction or to 
substantial strength degradation shall be ignored. 

(5) If inclined piles are used, they should be designed to safely calTY axial loads as 
we1l as bending loads. 

NOTE Inclined piles are not recommended for transmilting lateral loads to the soil. 

(6)P Bending monlents developing due to kinematic interaction shall be computed 
only when all of the following conditions occur sinlultaneously: 

the ground profile is of type D, S) or S2, and contains consecutive layers of 
sharply differing stiffness; 

the zone is of 1110derate or high seismicity, i.e. the product ag·S exceeds 0,10 g , 
(i.e. exceeds 0,98 m/s2), and the supported structure is of importance class III or 
IV. 

(7) Piles should in principle be designed to remain elastic, but nlay under certain 
conditions be allowed to develop a plastic hinge at their heads. The regions of potential 
plastic hinging should be designed according to 1998-1 :2004, 5.8.4. 
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6 SOIL-STRUCTURE INTERACTION 

(l)P The effects of dynan1ic soil-structure interaction shall be taken into account in: 

a) structures where P-b (2nd order) effects playa significant role; 

b) structures with massive or deep-seated foundations, such as bridge piers, offshore 
caissons, and silos; 

c) slender tall structures, such as towers and chimneys, covered in EN 1998-6:2004; 

d) structures supported on very soft soils, with average shear wave velocity (as 
defined in Table 4.1) less than 100 mis, such as those soils in ground type S j. 

NOTE Information on the general effects and significance of dynamic soiJ-structure interaction 
is given in Informative Annex D. 

(2)P The effects of soil-structure interaction on piles shall be assessed according to 
5.4.2 for all structures. 
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7.1 General requirements 

(l)P Earth retaining structures shall be designed to fulfil their function during and 
after an earthquake, without suffering significant structural danlage. 

(2) Pernlanent displacenlents, in the form of combined sliding and tilting, the latter 
due to irreversible defonllations of the foundation soil, nlay be acceptable if it is shown 
that they are cOlnpatible with functional and/or aesthetic requirements. 

7.2 Selection and general design considerations 

(l)P The choice of the structural type shall be based on nonnal service conditions, 
following the general principles of EN 1997-1 :2004, Section 9. 

(2)P Proper attention shall be given to the fact that confonnity to the additional 
seismic requirenlents may lead to adjustment and, occasiona1Jy, to a luore appropriate 
choice of structural type. 

(3)P The backfill 111aterial behind the structure shall be carefully graded and 
compacted in situ, so as to achieve as much continuity as possible with the existing soil 
Inass. 

(4)P Drainage systenls behind the structure shall be capable of absorbing transient 
and pennanent nl0vements without inlpairment of their functions. 

(5)P Particularly in the case of cohesionless soils containing water, the drainage shall 
be effective to well below the potential failure surface behind the structures. 

(6)P It shall be ensured that the supported soil has an enhanced safety nlargin against 
liquefaction under the design earthquake. 

7.3 Methods of analysis 

7.3.1 General methods 

(l)P Any established nlethod based on the procedures of structural and soil dynaJuics, 
and supported by experience and observations, is in principle acceptable for assessing 
the safety of an earth-retaining st1llcture. 

(2) The fol1owing aspects should be accounted for: 

a) the generally non-linear behaviour of the soil in the course of its dynamic interaction 
with the retaining structure; 

b) the inertial effects associated with the masses of the soit of the structure, and of all 
other gravity loads which Inight participate in the interaction process; 

c) the hydrodYl1mnic effects generated by the presence of water in the soil behind the 
wall and/or by the water on the outer face of the wall; 
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d) the c0111patibility between the defonnations of the soil, the wall, and the tiebacks, 
when present. 

7.3.2 Simplified methods: pseudo-static analysis 

7.3.2.1 Basic models 

(l)P The basic tTIodel for pseudo-static analysis shall consist of the retaining structure 
and its foundation, of a soil wedge behind the structure supposed to be in a state of 
active 1ilnit equilibrium (if the structure is flexible enough), of any surcharge loading 
acting on the soil wedge, and, possibly, of a soil nlass at the foot of the wal1, supposed 
to be in a state of passive equilibrilun. 

(2) To produce an active soil state, a sufficient amount of wall nlovenlent is 
necessary to occur during the design earthquake which can be made possible for a 
flexible structure by bending, and for gravity structures by sliding or rotation. For the 
wall movement needed for development of an active lin1it state, see EN 1997-1 :2004, 
9.5.3. 

(3) For rigid structures, such as basement walls or gravity walls founded on rock or 
piles, greater than active pressures develop, and it is more appropriate to assunle an at 
rest soil state, as shown in E.9. This should also be assumed for anchored retaining 
walls if no movement is pelmitted. 

7.3.2.2 Seismic action 

(l)P For the purpose of the pseudo-static analysis, the seislnic action shall be 
represented by a set of horizontal and vertical static forces equal to the product of the 
gravity forces and a seismic coefficient. 

(2)P The vertical seismic action shall be considered as acting upward or downward so 
as to produce the most unfavourable effect. 

(3) The intensity of such equivalent seisnlic forces depends, for a given seislnic 
zone, on the amount of pernlanent displacelnent which is both acceptable and actually 
pemlitted by the adopted structural solution. 

(4)P In the absence of specific studies, the horizontal (kh) and vertical (kv) seismic 
coefficients affecting all the nlasses shall be taken as: 

s 
u

r 

if avgfag is larger than 0,6 

otherwise 

(7.1 ) 

(7.2) 

(7.3) 

where the factor r takes the values listed in Table 7.1 depending on the type of retaining 
structure. For walls not higher than 10 111, the seismic coefficient shall be taken as being 
constant along the height. 
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Table 7.1 - Values of factor r for the calculation of the horizontal seismic 
coefficient 

Type of retaining structure 

Free gravity walls that can accept a displacement up to dr 300 a·S (mnl) 

r 

2 

gravity wal1s that can accept a displacenlent up to dr 200 a·S (mIn) 1,5 

Flexural reinforced concrete walls, anchored or braced walls, reinforced 
concrete walls founded on vertical piles, restrained basenlent walls and bridge 1 

I abutments 

(5) In the presence of saturated cohesionless soils susceptible to the development of 
high pore pressure: 

a) the r factor of Table 7.1 should not be taken as being larger than 1,0; 

b) the safety factor against liquefaction should not be less than 2. 

NOTE The value of 2 of the safety factor results from the application of clause 7.2(6)P within 
the framework of the simplified method of clause 7.3.2. 

(6) For retaining structures more than 10m high and for additional infonnation on 
the factor r, seeE.2. 

(7) For non-gravity walls, the effects of vertical acceleration may be neglected for 
the retaining structure. 

7.3.2.3 Design earth and water pressure 

(l)P The total design force acting on the wall under seisinic conditions shall be 
calculated by considering the condition of limit equilibriuITI of the model described in 
7.3.2.1. 

(2) This force nlay be evaluated according to Annex E. 

(3) The design force referred to in (I)P of this subclause should be considered to be 
the resultant force of the static and the dynanlic earth pressures. 

(4)P The point of application of the force due to the dynamic earth pressures shall be 
taken to lie at mid-height of the wall, in the absence of a Inore detailed study taking into 
account the relative stiffness, the type of 1110vernents and the relative nlass of the 
retaining structure. 

(5) For walls which are fi-ee to rotate about their toe the dynamic force may be taken 
to act at the sanle point as the static force. 

(6)P The pressure distributions on the wall due to the static and the dynamic action 
shall be taken to act with an inclination with respect to a direction nonnal to the wall not 
greater than (2/3)~' for the active state and equal to zero for the passive state. 

(7)P For the soil under the water table, a distinction shall be made between 
dYllmnical1y pervious conditions in which the internal water is free to nlove with respect 
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to the solid skeleton, and dynamically impervious ones in which essentially no drainage 
can occur under the seislllic action. 

(8) For most COll1m0l1 situations and for soils with a coefficient of pernleability of 
less than 5x 10-4 n1/s, the pore water is not free to nl0ve witb respect to the solid 
skeleton, the SeiS111ic action occurs in an essentially undrained condition and the soil 
may be treated as a single-phase Inediuln. 

(9)P For the dynamically inlpervious condition, all the previous prOVISIons sha11 
apply, provided that the unit weight of the soil and the horizontal SeiS111ic coefficient are 
appropriately modified. 

(10) Modifications for the dynmnically inlpervious condition may be made In 

accordance with E.6 and E.7. 

(11)P For the dynamically pervious backfiJl, the effects induced by the seismic action 
in the soil and in the water shall be assUlned to be uncoupled effects. 

(12) Therefore, a hydrodynamic water pressure should be added to the hydrostatic 
water pressure in accordance with E.7. The point of application of the force due to the 
hydrodynanlic water pressure Inay be taken at a depth below the top of the saturated 
layer equal to 600/0 of the height of such a layer. 

7.3.2.4 Hydrodynamic pressure on the outer face of the wall 

(l)P The maximull1 (positive or negative) pressure fluctuation with respect to the 
existing hydrostatic pressure, due to the oscillation of the water on the exposed side of 
the wall, shall be taken into account. 

(2) This pressure n1ay be evaluated in accordance with E.8. 

7.4 Stability and strength verifications 

7.4.1 Stability of foundation soil 

(l)P The follo\ving verifications are required: 

overall stability; 

local soil failure. 

(2)P The verification of overall stability shall be calTied out in accordance with the 
rules of 4.1.3.4. 

(3)P The ultimate capacity of the foundation shall be checked for failure by sliding 
and for bearing capacity failure (see 5.4.1.1). 

7.4.2 Anchorage 

(l)P The anchorages (including free tendons, anchorage devices, anchor heads and 
the restraints) shall have enough resistance and length to assure equilibrium of the 
critical soil \vedge under seismic conditions (see 7.3.2.1), as well as a sufficient capacity 
to adapt to the seismic defolmations of the ground. 
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(2)P The resistance of the anchorage shall be derived according to the rules of 
EN 1997-1 :2004 for persistent and transient design situations at ultilnate limit states. 

(3)P It shall be ensured that the anchoring soillnaintains the strength required for the 
anchor function during the design earthquake and, in particular, has an enhanced safety 
margin against liquefaction. 

(4)P The distance Ie between the anchor and the wall shall exceed the distance 
required fbr non-seislnic loads. 

(5) The distance Le, for anchors en1bedded in a soil deposit with similar 
characteristics to those of the soil behind the wall and for level ground conditions, nlay 
be evaluated in accordance with the following expression: 

(7.4) 

7.4.3 Structural strength 

(l)P It shal1 be delnonstrated that, under the combination of the seislnic action with 
other possible loads, equilibriuln is achieved without exceeding the design strengths of 
the wall and the supporting structural elements. 

(2)P For that purpose, the pertinent limit state modes for structural failure in EN 
1997-1 :2004, 8.5 shall be considered. 

(3)P All structural elelnents shall be checked to ensure that they satisfy the condition 

(7.5) 

where 

Rd is the design value of the resistance of the elen1ent, evaluated in the san1e way as 
for the non seisn1ic situation; 

Ed is the design value of the action effect, as obtained fron1 the analysis described 
in 7.3. 
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A.l This annex gives some simplified an1plification factors for the seisn1ic action 
used in the verification of the stability of ground slopes. Such factors, denoted ST, are to 
a first approximation considered independent of the fundamental period of vibration 
and, hence, multiply as a constant scaling factor the ordinates of the elastic design 
response spectrum given in EN 1998-1 :2004. These a111plification factors should in 
preference be applied when the slopes belong to two-dimensional topographic 
irregularities, such as long ridges and cliffs of height greater than about 30 n1. 

A.2 For average slope angles of less than about 15° the topography effects may be 
neglected, while a specific study is recomlnended in the case of strongly inegular local 
topography. For greater angles the following guidelines are applicable. 

a) Isolated cl!ffs and slopes. A value ST 2: 1,2 should be used for sites near the top edge; 

b) Ridges with crest lvidth signtficant/y less than the base width. A value 2: 1,4 
should be used near the top of the slopes for average slope angles greater than 30° and a 
value ST> 1,2 should be used for sn1aller slope angles; 

c) Presence of a loose SLIJ:iace layer. In the presence of a loose surface layer, the 
smallest ST value given in a) and b) should be increased by at least 20%; 

d) Spatial variation of ampl~ficationfactor. The value of ST n1ay be assun1ed to decrease 
as a linear function of the height above the base of the cliff or ridge, and to be unity at 
the base. 

A.3 In general, seismic anlplification also decreases rapidly with depth within the 
ridge. Therefore, topographic effects to be reckoned with in stability analyses are largest 
and mostly superficial along ridge crests, and much smaller on deep seated landslides 
where the failure surface passes near to the base. In the latter case, if the pseudo-static 
method of analysis is used, the topographic effects may be neglected. 
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Annex B (Normative) 

Empirical charts for simplified liquefaction analysis 

B.l General. The empirical chmis for simp1ified liquefaction analysis represent field 
correlations between in situ measuren1ents and cyclic shear stresses known to have 
caused liquefaction during past earthquakes. On the horizontal axis of such charts is a 
soil property n1easured in situ, such as norn1a1ised penetration resistance or shear wave 
propagation velocity vs, while on the vertical axis is the earthquake-induced cyclic shear 
stress (Tc), usually normalised by the effective overburden pressure (cr 'yo). Displayed on 
all charts is a limiting curve of cyclic resistance, separating the region of no liquefaction 
(to the right) fron1 that where liquefaction is possible (to the left and above the curve). 
More than one curve is son1etimes given, corresponding to soils with different fines 
contents or to different earthquake magnitudes. 

Except for those using CPT resistance, it is preferable not to apply the elnpirical 
liquefaction criteria when the potentially liquefiable soils occur in layers or sean1S no 
more than a few tens of cn1 thick. 

When a substantial gravel content is present, the susceptibility to liquefaction cannot be 
ruled out, but the observational data are as yet insufficient for construction of a reliable 
liquefaction chart. 

B.2 Charts based on the SPT blowcount. Among the 1110St widely used are the charts 
illustrated in Figure B.l for clean sands and silty sands. The SPT blowcount value 
normalised for overburden effects and for energy ratio NJ (60) is obtained as described 
in 4.1.4. 

Liquefaction is not likely to occur below a certain threshold of Te, because the soil 
behaves elastically and no pore-pressure accumulation takes place. Therefore, the 
lin1iting curve is not extrapolated back to the origin. To apply the present criterion to 
earthquake magnitudes different froln Ms 7,5, where Ms is the surface-wave 
lnagnitude, the ordinates of the curves in Figure B.1 should be multiplied by a factor eM 
indicated in Table B.l. 

Table B.1 - Values of factor eM 

Ms CM 
5,5 2,86 
6,0 2,20 
6,5 1,69 
7,0 1,30 
8,0 0,67 

B.3 Charts based on the CPT resistance. Based on nun1erous studies on the 
correlation between CPT cone resistance and soil resistance to liquefaction, charts 
sil11ilar to Figure B.l have been established. Such direct correlations shall be preferred 
to indirect correlations using a relationship between the SPT blowcount and the CPT 
cone resistance. 
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B.4 Charts based on the shear wave velocity Vs. This property has strong pronl1se as 
a field index in the evaluation of liquefaction susceptibility in soils that are hard to 
sanlple (such as siHs and sands) or penetrate (gravels). Also, significant advances have 
been made over the last few years in measuring Vs in the field. However, correlations 
between Vs and the soil resistance to liquefaction are still under developlnent and should 
not be used without the assistance of a specialist. 

A 

o -------------------------o 10 

Key 

Te/a'vo cyclic stress ratio 

A - clean sands; 

B 

• f 
f t 

11 2' • I 
f , 

B silty sands 

curve 1: 35 % fines 

curve 15% fines 

curve 3: < 5% fines 

Figure B.l- Relationship behveen stress ratios causing liquefaction and NJ (60) 
values for clean and silty sands for Ms=7,5 earthquakes. 
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Annex C (Informative) 

Pile-head static stiffnesses 

C.l The pile stiffness is defined as the force (mon1ent) to be applied to the pile head 
to produce a unit displacen1ent (rotation) along the same direction (the 
displacements/rotations along the other directions being zero), and is denoted by KHH 

(horizontal stiffness),KMM (flexural stiffness) and KHM = KMH (cross stiffness). 

The following notations are used in Table C.l below: 

E is Young's modulus of the soil model, equal to 3G; 

Ep is Young's modulus of the pile material; 

is Young's modulus of the soil at a depth equal to the pile diameter; 

d is the pile diameter; 

z is the pile depth. 

Table C.l Expressions for static stiffness of flexible piles embedded in three soil 
models 

Soil model KHH KMM KHM 

dEs d3Es d 2E s 

(E fS (E fO (E fO 060 _P 014 ~ 017 -p , E ' Es ' Es s 

(E f8 (E f77 (E f3 079 _P 0,15 ~ 024 _P , E Es ' Es s 

E= 

(E fl (E fS (E fO 108 -p 016 _P -022 _P , E ' E ' Es s s 

E= 
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Annex D (Informative) 

Dynamic soil-structure interaction (881). General effects and significance 

D.l As a result of dynamic SSI, the seismic response of a flexibly-supported 
structure, i.e. a structure founded on deformable ground, "vin differ in several ways 
from that of the same structure founded on rigid ground (fixed base) and subjected to an 
identical free-field excitation, for the following reasons: 

a) the foundatio11 motion of the flexibly-supported structure will differ fron1 the 
field motion and may include an in1portant rocking cOl11ponent of the fixed-base 
structure; 

b) the fundamental period of vibration of the flexibly-supported structure will be longer 
than that of the fixed-base structure; 

c) the natural periods, mode shapes and 1110dal participation factors of the flexibly
supported structure will be different from those of the fixed-base structure; 

d) the overall damping of the flexibly-supported structure will include both the radiation 
and the internal damping generated at the soil-foundation interface, in addition to the 
damping associated with the superstructure. 

D.2 For the majority of common building structures, the effects of SSI tend to be 
beneficial, since they reduce the bending moments and shear forces in the various 
members of the superstructure. For the structures listed in Section 6 the SSI effects 
might be detrimental. 
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Annex E (Normative) 

Simplified analysis for retaining structures 

E.l Conceptually, the factor r is defined as the ratio between the acceleration value 
producing the maxinlunl pennanent displacelnent cOlnpatible with the existing 
constraints, and the value corresponding to the state of limit equilibrium (onset of 
displacenlents). Hence, r is greater for walls that can tolerate larger displacenlents. 

E.2 For retaining structures lnore than 10m high, a free-field one-dinlensional 
analysis of vertically propagating waves may be carried out and a more refined estimate 
of U, for use in expression (7.1), may be obtained by taking an average value of the 
peak horizontal soi 1 accelerations along the height of the structure. 

E.3 The total design force acting on the retaining structure fronl the land-ward side, 
Ed is given by 

(E.1) 

where 

H is the wall height; 

Ews is the static water force; 

EWd is the hydrodynamic water force ( defined below); 

y is the soil unit weight (defined below in E.5 to E.7); 

K is the earth pressure coefIicient (static + dynanlic); 

ky is the vertical seismic coefficient (see expressions (7.2) and (7.3)). 

E.4 The earth pressure coefIicient may be computed from the Mononobe and Okabe 
formula. 

For active states: 

K (E.2) 

cos8 sin2\V sin (~J -8 

K=-------'---------'----
cos8 sin \V 

(E.3) 

For passive states (no shearing resistance between the soil and the wall): 
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(EA) 

In the preceeding expressions the following notations are used: 

~' d is the design value of the angle of shearing resistance of soil I.e. 

<Pd tan-II tanfJ; l y <p' 

\If and ~ are the inclination angles of the back of the wall and backfill surface from the 
horizontal line, as shown in Figure E.l; 

3d is the design value of the friction angle between the soil and the wall i.e. 

s::: -J [tan3 J 0d = tan --; 
y , 
~ 

8 is the angle defined below in E.5 to E.7. 

The passive states expression should preferably be used for a vertical waH face ('l' = 
90°). 

E.5 Water table belolv retaining wall - Earth pressure coefficient. 

The following parameters apply: 

y* is the y unit weight of soil (E.5) 

tan 8 (E.6) 

EWd a (E.7) 

where 

kh is the horizontal seismic coefficient (see expression (7.1)). 

Alternatively, use tnay be made of tables and graphs applicable for the static condition 
(gravity loads only) with the following modifications: 

denoting 

tan8A = 
l+kv 

(E.8) 

and 

(E.9) 
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the entire soil-wall system is rotated appropriately by the additional angle SA or Ss. The 
acceleration of gravity is replaced by the following value: 

or 

gs= ~-----'-'
coses 

(E.I0) 

(E.ll) 

E.6 Dynamically impervious soil below the water table - Earth pressure coefficient. 

The following parameters apply: 

Y*=Y-Yw (E.12) 

tan e = --'---

Y \\1 I+kv 
(E.13) 

EWd =0 (E.14) 

where: 

Y is the saturated (bulk) unit weight of soil; 

Yw is the unit weight of water. 

E.7 Dynamically (highl}~ pervious soil below the water table Earth pressure 
coefficient. 

The following parameters apply: 

Y*=Y-Yw (E. IS) 

tane= ---
Y -Y w 1 + kv 

(E.16) 

(E.l7) 

where: 

Yd is the dry unit weight of the soil; 

H' is the height of the water table from the base of the wall. 

E.8 Hydrodynamic pressure on the outer face of the wall. 

This pressure, q(z), may be evaluated as: 
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q(z) = ± 7 kh'Yw' ~ 
8 

where 

kh is the horizontal seislnic coefficient with r = 1 (see expression (7.1)); 

h is the free water height; 

(E.18) 

z is the vertical downward coordinate with the origin at the surface of water. 

E.9 Force due to earth pressure/or rigid structures 

For rigid structures which are completely restrained, so that an active state cannot 
develop in the soil, and for a vertical wall and horizontal backfill the dynanlic force due 
to earth pressure increment may be taken as being equal to 

(E.19) 

where 

H is the wall height. 

The point of application may be taken at mid-height. 

active passive 

Figure E.1 - Convention for angles in formulae for calculating the earth pressure 
coefficient 
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Annex F (Informative) 

Seismic bearing capacity of shallow foundations 

F.l General expression. The stability against seisll1ic bearing capacity failure of a 
shallow strip footing resting on the surface of hOll10geneous soil, may be checked with 
the following expression relating the soil strength, the design action effects (NEd, 
M Ed) at the foundation level, and the inertia forces in the soil 

-------'---'-----'---"---- + ---'-----"--~--"--- - 1 < 0 

mFkt-Nr {N)C[(l mFkt Nr-
(F.l) 

where: 

N Y RdNEd , V (F.2) 

lVmax is the ultinlate bearing capacity of the foundation under a vertical centered load, 
defined in F.2 andF.3; 

B is the foundation width; 

F is the dinlensionless soil inertia force defined in F.2 and F.3; 

YRd is the nl0del partial factor (values for this parameter are given in F.6). 

a, b, c, d, e,j, 111., k, k', CT, CM, c'tvb p, yare numerical parameters depending on the type 
of soil, defined inF.4. 

F.2 Purely cohesive soil. For purely cohesive soils or saturated cohesionless soils the 
ultimate bearing capacity under a vertical concentric load Nmax is given by 

(F.3) 

where 

C is the undrained shear strength of soil, cu, for cohesive soil, or the cyclic 
undrained shear strength, 1'cy,u, for cohesionless soils; 

YM is the partial factor for material properties (see 3.1 (3». 

The dimensionless soil ineliia force is given by 

p. ·S·B 
F=---- (FA) 

c 

where 

P is the unit Inass of the soil; 
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ag is the design ground acceleration on type A ground (ag Yr agR); 

agR is the reference peak ground acceleration on type A ground; 

YI is the importance factor; 

S is the soil factor defined in EN 1998-1 :2004, 3.2.2.2. 

The following constraints apply to the general bearing capacity expression 

(F.5) 

F.3 Pure~y cohesionless soil. For purely dry cohesionless soils or for saturated 
cohesionless soils \vithout significant pore pressure building the uitinlate bearing 
capacity of the foundation under a vertical centered load N max is given by 

N -~ (1+ avJ max - 2 P g - g (F.6) 

where 

g is the acceleration of gravity; 

av is the vertical ground acceleration, that may be taken as being equal to O,5ag ·S 
and 

Ny is the bearing capacity factor, a function of the design angle of the shearing 
resistance of soil ~' d (which includes the partial factor for n1aterial property YM 
of 3.1(3), see E.4). 

The dil11ensionless soil ineliia force F is given by: 

F=---=--
g tan~d 

(F.7) 

The following constraint applies to the general expression 

(F.8) 

F4 Numerical parameters. The values of the numerical paratl1eters in the general 
bearing capacity expression, depending on the types of soil identified in F.2 and F.3, are 
given in Table F.1. 
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TableF.l Values of nunlerical parameters used in expression (F.l) 

Purely cohesive soil Purely cohesionless soil 

0 0,70 0,92 
• 

b 1,29 1 

C 2,14 0,92 

d 1,81 1,25 
: 

e 0,21 0,41 I 

• 

f 0,44 0,32 

111 0,21 0,96 

k 
: 

1 1,00 

k' 1,00 0,39 

CT 2,00 1,14 

Cliff 2,00 1,01 

C'M 1,00 1,01 

~ 2,57 2,90 

1,85 2,80 
• 

F.5 In most common situations may be taken as being equal to ° for cohesive 

soils. For cohesionless soils F may be neglected if Og'S < 0,1 g (i.e., if 0,98 m/s2). 

F.6 The model partial factor YRd takes the values indicated in Table F.2. 

Table F.2 Values of the model partial factor YRd 

Medium-dense i Loose dry Loose saturated Non sensitive Sensitive clay 
to dense sand sand sand clay 

1,00 1,15 1,50 1,00 1,15 

44 



blank 



The European Union

In order to promote public education and public safety, equal justice for all, 
a better informed citizenry, the rule of law, world trade and world peace, 
this legal document is hereby made available on a noncommercial basis, as it 
is the right of all humans to know and speak the laws that govern them.

≠  EDICT OF GOVERNMENT ±

EN 1998-6 (2005) (English): Eurocode 8: Design of structures
for earthquake resistance – Part 6: Towers, masts and
chimneys  [Authority: The European Union Per Regulation
305/2011, Directive 98/34/EC, Directive 2004/18/EC]





EUROPEAN STANDARD EN 1998-6 

NORME EUROPEENNE 

EUROpAISCHE NORM June 2005 

ICS 91.120.25 Su persedes E NV 1998-3: 1996 

English version 

Eurocode 8: Design of structures for earthquake resistance -
Part 6: Towers, masts and chimneys 

Eurocode 8: Calcul des structures pour leur resistance aux 
seismes Partie 6 : Tours, mats et cheminees 

Eurocode 8: Auslegung von Bauwerken gegen Erdbeben 
Teil 6: TOrme, Maste und Schornsteine 

This European Standard was approved by CEN on 25 April 2005. 

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European 
Standard the status of a national standard without alteration. Up-to-date lists and bibliographical references concerning such national 
standards may be obtained on application to the Secretariat or to any CEN member. 

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation 
under the responsibility of a CEN member into its own language and notified to the Central Secretariat has the same status as the official 
versions. 

CEN members are the national standards bodies of 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. 

EUROPEAN COMMITTEE FOR STANDARDIZATION 
COMITE EUROPEEN D NORMALISATION 
EUROpA1 HES KOMIT R NORMLNG 

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

© 2005 CEN All rights of exploitation in any form and by any means reserved 
worldwide for CEN national Members. 

Ref. No. EN 1998-6:2005: E 



EN 1998-6:2005 (E) 

Contents 

1 GENERAL 

1.1 SCOPE 

1.2 REFERENCES 

1.3 ASSUMPTIONS 

1.4 DISTINCTION BI:::TWEEN PRINCIPLES AND APPLICATION RULES 

1.5 TERMS AND DEFINITIONS 

1.5.1 Special terms used in EN 1998-6 
1.6 SYMBOLS 

1.6.1 General 
1.6.2 Further symbols used in EN 1998-6 

1. 7 S.l. UNITS 

8 

8 
8 
9 
9 

10 

10 
10 

10 
10 
11 

2 PERFORMANCE REQUIREMENTS AND COMPLIANCE CRITERIA 12 

2.1 
2.2 

2.2.1 
2.2.2 
2.2.3 

FUNDAMENTAL REQUIREMENTS 

COMPLIANCE CRITERIA 

F oundatiol1 
Ultimate limit state 
Damage limitation state 

3 SEISl\lIC ACTION 

3.1 DEFINITION OF THE SEISMIC INPUT 

3.2 ELASTIC RESPONSE SPECTRUM 

3.3 DESIGN RESPONSE SPECTRUM 

3.4 TIME-HISTORY RI:::PRESENTATION 

3.5 LONG PERIOD COMPONENTS OF THE MOTION AT A POINT 

3.6 GROUND MOTION COMPONENTS 

4 DESIGN OF EARTHQUAKE RESISTANT TOWERS, lVIASTS AND 

12 
12 

12 
12 
12 

13 

13 
13 
13 
13 
13 
14 

CHIMNEYS 15 

2 

4.1 
4.2 

4.2.1 
4.2.2 
4.2.3 
4.2.4 
4.2.5 

IMPORTANCE CLASSES AND IMPORTANCE FACTORS 

MODELLING RULES AND ASSUMPTIONS 

jVumber of degrees offi-eedom 
Masses 
St[flness 
Damping 
Soil-structure interaction 

4.3 METHODS OF ANALYSIS 

4.3.1 Applicable method., 
4.3.2 Lateralforce method 

4.3.2.1 
4.3.2.2 

4.3.3 
4.3.3.1 
4.3.3.2 

Gcncral 
Seismic forces 

Modal response spectrum analysis 
General 
Number of modes 

4.3.3.3 Combination of modes 

4.4 COMBINATIONS OF THE EFFECTS OF THE COMPONENTS OF THE SEISMIC ACTION 

4.5 CO.\1BINATIONS OF THE SEISMIC i'I.CTION WITH OTHER ACTIONS 

4.6 DISPLACEMENTS 

4.7 

4.7.1 
4.7.2 

SAFETY VERIFICATIONS 

Ultimate limit state 
Resistance condition o.fthe structural elements 

15 
15 
15 
16 
16 
17 
17 
18 
18 
18 
18 
19 

19 
19 
19 
19 
20 
20 
20 
20 

20 
20 



EN 1998-6:2005 

4. 7.3 Second order effects 
4.7.4 Resistance of connections 
4.7.5 Stability 
4.7.6 Ductility and energy dissipation condition 
4.7.7 Foundations 
4. 7. 8 Guys andfittings 

4.8 THERMAL EFFECTS 

4.9 DAMAGE LIMITATION STATE 

4.10 BEHAVIOUR fACTOR 

4.10.1 General 
4.10.2 Values ofnlod(ficationfactor k· 

5 SPECIFIC RULES FOR REINFORCED CONCRETE CHIMNEYS 

5.1 
5.2 
5.3 

5.4 
5.5 

5.3.1 
5.3.2 

SCOPE 

DESIGN FOR DISSIPATIVE BEHAVIOUR 

DETAILING Of THE REINFORCEMENT 

Minimum reinforcement (vertical and horizontal) 
Minimum reinforcement around openings 

SPECIAL RULES FOR ANALYSIS AND DESIGN 

DAMAGE LIMITATION STATE 

6 SPECIAL RULES FOR STEEL CHIMNEYS 

7 

6.1 DESIGN FOR DISSIPATIVE BEHAVIOUR 

6.2 MATERIALS 

6.3 
6.4 

7.1 
7.2 
7.3 
7.4 
7.5 
7.6 
7.7 

6.2.1 General 
Mechanical properties/or structural carbon steels 

6.2.3 Mechanical properties ofstainless steels 
6.2.4 Connections 

DAMAGE LIMITATION STATE 

ULTIMATE LIMIT STATE 

SPECIAL RULES FOR STEEL TOWERS 

SCOPE 

DESIGN FOR DISSIPATIVE BEHAVIOUR 

MATERIALS 

DESIGN OF TOWERS WITH CONCENTRIC BRACINGS 

SPECIAL RULES FOR THE DESIGN OF ELECTRICAL TRANSMISSION TOWERS 

DAMAGE LIMITATION STATE 

OTHER SPECIAL DESIGN RULES 

8 SPECIAL RULES FOR GUYED MASTS 

8.1 SCOPE 

8.2 SPECIAL ANALYSIS AND DESIGN REQUIREMENTS 

8.3 MATERIALS 

8.4 DAMAGE LIMITATION STATE 

21 
21 
21 
22 
22 
22 
22 
22 
23 
23 

25 

25 
25 
26 
26 
27 
27 
28 

29 

29 
29 
29 
30 
30 
30 
30 
30 

31 

31 
3] 
3] 
31 
32 
32 
34 

35 

35 
3S 
35 
36 

3 



EN 1998-6:2005 

FORE\.vORD 

This European Standard 1998-6, Eurocode 8: Design of structures for earthquake 
resistance: Towers, masts and chinlneys, has been prepared by Technical Comnlittee 
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 endorsenlent, at the latest by Decelnber 2005 and 
conflicting national standards shall be withdrawn at latest by March 2010. 

This docunlent supersedes ENV 1998-3: 1996. 

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

Background of the Eurocode programme 

In 1975, the Comnlission of the European COnlmLl11ity decided on an action programme 
in the field of construction, based on article 95 of the Treaty. The objective of the 
progranl1ne was the elinlination of technical obstacles to trade and the hannonisation of 
technical specifications. 

Within this action progranl1ne, the COlnnlission took the initiative to establish a set of 
harnl0nised 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 thenl. 

For fifteen years, the C0111nlission, with the help of a Steering COln111jttee with 
Representatives of Member States, conducted the developnlent of the Eurocodes 
progranlme, which led to the first generation of European codes in the 1980s. 

In 1989, the COll1111ission and the Melnber States of the EU and EFTA decided, on the 
basis of an agreement' between the Conlmission 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 8911 06/EEC on 
construction products - CPD - and Council Directives 93/37 IEEC, 92/50/EEC and 
89/440lEEC 011 public works and services and equivalent EFTA Directives initiated in 
pursuit of setting up the internal market). 

The Structural Eurocode progran11ne comprises the following standards generally 
consisting of a nun1ber of Parts: 

EN 1990 Eurocode: Basis of structural design 

EN 199] Eurocode 1: Actions on structures 

I Agreement betwccn the Commission of the European Communities and thc European Committcc for Standardisation (CEN) 
concerning the work 011 EUROCODES for the design of building and civil engineering works (Bc/CENf03/89). 
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EN 1992 Eurocode 2: Design of concrete structures 

EN 1993 Eurocode 3: Design of structures 

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

EN 1995 Eurocode 5: Design of tinlber struchlres 

EN 1996 Eurocode 6: Design of 111asonry structures 

EN 1997 Eurocode 7: Geotechnical design 

1998 Eurocode 8: Design of structures for earthquake resistance 

EN 1999 Eurocode 9: Design of alUlniniUln structures 

Eurocode standards recognise the responsibility of regulatory authorities in each 
Menlber State and have safeguarded their right to deten11ine values related to regulatory 
safety matters at national level where these continue to vary fron1 State to State. 

Status and field of application of Eurocodes 

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

as a means to prove conlpliance of building and civil engineering works with the 
essential requirenlents of Council Directive 89/106/EEC, particularly Essential 
Requirenlent N°1 Mechanical resistance and stability and Essential Require1nent 
N°2 - Safety in case of fire; 

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

as a fraInework for drawing up harmonised technical specifications for construction 
products (EN sand ETAs) 

The Eurocodes, as far as they concenl the construction \vorks thenlselves, have a direct 
relationship with the Interpretative Docunlents2 refelTed to in Article 12 of the CPD, 
although they are of a different nature frOln harmonised product standards3

. Therefore, 
technical aspects arising fron1 the Eurocodes work need to be adequately considered by 
CEN Technical Committees and/or EOTA Working Groups working on product 
standards with a view to achieving full cOlnpatibility of these technical specifications 
\vith the Eurocodes. 

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

According to Art of the CPO, the essential requirements (ERs) shall be given concrete form in interpretative documents for thc 
creation of the necessary links between the essential requirements and the mandates for harmoniscd ENs and ETAGsIETAs. 

3 According to Art. 12 of the CPO the interpretative documents shall: 

a) give eoncrcte 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 or levels of requirement with the technical specifications, mcthods of 
calculation and of proof, technical rules for project design, etc. ; 

c) as reference for the establishment of harmon is cd standards and guidelines for European technical approvals. 

The Euroeodes, defaclD, playa similar role in the field of the ER I and a part of ER 
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National Standards implementing Eurocodes 

The National Standards iInplelnenting Eurocodes will cOlnprise the full text of the 
Eurocode (including any annexes), as published by which may be preceded by a 
National title page and National fore\vord, and nlay be followed by a National annex. 

The National annex may only contain infornlation on those paranleters which are left 
open in the Eurocode for national choice, known as Nationally Detennined Paranleters, 
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, clilnatic, etc.), sno\v map, 

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

It may also contain 

decisions on the use of infornlative annexes, and 

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

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

There is a need for consistency between the haITIlonised technical specifications for 
construction products and the technical rules for works4

. Furth ernlore , all the 
infOlTIlation accOlnpanying the CE Marking of the construction products which refer to 
Eurocodes shall clearly nlention which Nationally Determined Parameters have been 
taken into account. 

Additional infornlation specific to EN 1998-6 

For the design of structures in seisnlic regions the provisions of this standard are to be 
applied in addition to the provisions of the other relevant Eurocodes. In particular, the 
provisions of the present standard complement those of Eurocode 3, Part 3-1 " Towers 
and Masts" and Part 3-2 " Chimneys", which do not cover the special requirements for 
seisnlic design. 

National annex for EN 1998-6 

Notes indicate where national choices have to be 11lade. The National Standard 
inlplenlenting 1998-6 shall have a National annex containing values for all 
Nationally Deternlined Paranleters to be used for the design in the country. National 
choice 1s required in the following sections. 

4 sec ,\rU.3 and ArL 12 of the CPO, as well as clauses 4.2,4.3.1,4.3.2 and 5.2 of I D I. 
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Reference section Iteln 

1.1 (2) Informative Annexes A, B, C, D, E and F. 

3.1(1) Conditions under which the rotational conlponent of the ground 
Inotion should be taken into account. 

3.5(2) The lo\ver bound factor fJ on design spectral values, if site-specific 
studies have been calTied out with particular reference to the long-
period content of the seismic action. 

4.1(5)P Inlportance factors for Inasts, to\vers, and chinlneys. 

4.3.2.1 (2) Detailed conditions, supp1elnenting those in 4.3.2.1 (2), for the 
lateral force nlethod of analysis to be applied. 

4.7.2(l)P Partial factors for nlaterials 

4.9(4) Reduction factor v for displacelnents at datnage limitation lilnit state 
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1 GENERAL 

1.1 Scope 

(l) The scope of Eurocode 8 is defined in EN 1998-1:2004, 1.1.1 and the scope of 
this Standard is defined in (2) to (4). Additional parts of Eurocode 8 are indicated in EN 
1998-1 :2004, 1.] .3. 

(2) EN 1998-6 establishes requirenlents, criteria, and nIles for the design of tall 
slender structures: towers, including bell-towers, intake towers, radio and TV-towers, 
masts, chinlneys (including free-standing industrial chitnneys) and lighthouses. 
Additional provisions specific to reinforced concrete and to steel chimneys are given in 
Sections 5 and 6, respectively. Additional provisions specific to steel towers and to steel 
guyed 111asts are given in Sections 7 and 8, respectively. Requirenlents are also given for 
non-structural eielnents, such as antennae, the liner Inaterial of chinlneys and other 
equipnlent. 

NOTE I Informative Annex A provides guidance and information for linear dynamic analysis 
accounting for rotational components of the ground motion. 

NOTE 2 Informative Annex B provides information and guidance on modal damping in modal 
response spectrum analysis. 

NOTE 3 Informative Annex C provides information on soil-structure interaction and guidance for 
accounting for it in linear dynamic analysis. 

NOTE 4 Informative Annex D provides supplementary information and guidance on the number of 
degrees of freedom and the number of modes of vibration 10 be taken into account in the analysis. 

NOTE 5 Informative Annex E gives information and guidance for the seismic design of Masonry 
chimneys. 

NOTE 6 Informative Annex f gives supplementary information for the seismic performance and 
design of electrical transmission towers. 

(3) The present provisions do not apply to cooling towers and offshore structures. 

(4) F or towers supporting tanks, EN 1998-4 applies. 

1.2 Normative References 

1.2.1 Use 

(1)P This European Standard incorporates by dated or undated reference, provisions 
fronl other publications. These 110lTIlative references are cited at the appropriate places 
in the text and the publications are listed hereafter. For dated references, subsequent 
anlendments to or revisions of any of these publications apply to this European 
Standard only when incorporated in it by anlendnlent or revision. For undated 
references the latest edition of the publication refened to applies (including 
amendlnents ). 

1.2.2 General reference standards 

(1) EN 1998-1 :2004, 1.2.1 applies. 
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1.2.3 Additional reference standards for towers, masts and chimneys 

(1) EN 1998-6 incorporates other nOll11ative references cited at the appropriate 
places in the text. They are listed below: 

EN 1990 Basis of structural design Annex A3: Application for towers and nlasts. 

EN 1992-1 1 Design of concrete structures General rules and rules for buildings 

EN 1992-1-2 Design of concrete structures - Structural fire design 

EN 1993-1-1 Design of steel stluctures - General rules and rules for buildings 

EN 1993-1 Design of steel structures Structural fire design 

EN 1993-1-4 Design of steel structures - Stainless steel 

EN 1993-1 Design of steel structures Plated structural elements 

EN 1993-1-6 Design of steel structures Strength and stability of shell structures 

EN 1993-1-8 Design of steel structures Design of joints 

EN 1993-1-10 Design of steel structures Selection of nlaterial for fracture toughness 
and through thickness properties 

EN 1993-1-11 Design of steel structures - Design of structures with tension conlponents 
nlade of steel 

EN 1993-3-1 Design of steel structures - Towers and masts 

EN 1993-3-2 Design of steel structures Chimneys 

EN 1994-1-1 Design of cOlnposite steel and concrete structures - General rules and 
rules for buildings 

EN 1994-1-2 Design of conlposite steel and concrete structures - Structural fire design 

EN 1998-1 Design of sttuctures for earthquake resistance - General rules, seisnlic 
actions and rules for buildings 

EN 1998-5 Design of stluctures for earthquake resistance - Foundations, retaining 
structures and geotechnical aspects. 

EN 1998-2 Design of structures for earthquake resistance Bridges. 

EN 13084-2 Free-standing chimneys - Concrete chimneys 

EN 13084-7 Free-standing chinlneys Product specification of cylindrical steel 
fabrications for use in single-wall steel chinlneys and steel liners. 

1.3 Assumptions 

(l)P The general assumptions of EN 1990:2002, 1.3 and EN 1998-1 :2004, 1.3(2)P, 
apply. 

1.4 Distinction between principles and application rules 

(1) EN 1990:2002, 1.4 applies. 
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1.5 Terms and definitions 

1.5.1 General terms and definitions 

(I) EN ] 998-1 :2004, 1.5.1 and 1.5.2 apply. 

(2) The definitions in EN 1993-3-1, 1.5 and EN 1993-3-2, 1.5 apply. 

1.5.2 Further terms and definitions used in EN 1998-6 

angle tower 

transmission tower used where the line changes direction by lTIOre than 3° in plan. It 
supports the same kind of loads as the tangent tower 

dead-end towers (also called anchor towers) 

transmission tower able to support dead-end pulls fron1 all the wires on one side, in 
addition to the vertical and transverse loads 

tangent tower 

transn1ission tower used where the cable line is straight or has an angle not exceeding 3° 
in plan. It supports vertical loads, a transverse load from the angular pull of the wires, a 
longitudinal load due to unequal spans, and forces resulting fr01n the wire-stringing 
operation, or a broken wire 

telescope joint 

joint between tubular elements without a flange, the internal diameter of one being 
equal to the external diameter of the other 

transmission tower 

tower used to support low or high voltage electrical transmission cables 

trussed tower 

tower in which the joints are not designed to resist the plastic mOlllent of the connected 
elelnents 

1.6 Symbols 

1.6.1 General 

(l) EN 1998-1 :2004, 1.6.1 and 1.6.2 apply. 

(2) For ease of use, further sYlnbols, used in connection with the seisn11c design of 
towers, masts and chinlneys, are defined in the text where they occur. However, in 
addition, the nlost frequently OCCUlTing symbols used in EN 1998-6 are listed and 
defined in 1.6.2. 

1.6.2 Further symbols used inEN1998-6 

Ecq equivalent modulus of elasticity; 

Mi effective modal n1ass for the i-th Inode of vibration; 
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R8 ratio betvveen the InaxilTIUm moment in the spring of an oscillator with rotation 
as its single-degree-of-freedom, and the rotational moment of inertia about the 
axis of rotation. The diagram of R9 versus the natural period is the rotation 
response spectrum; 

Rex, R\, R8
z rotation response spectra around the x, y and z axes, in rad/s2

; 

y unit weight of the cable; 

(J tensile stress in the cable; 
-
~ . equivalent n10dal damping ratio of the j-th mode. 

I 

1.7 S.l. Units 

(l)P EN 1998-1:2004, 1.7(l)P applies. 

(2) EN 1998-1 :2004, 1.7(2) applies. 
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2 PERFORl\lANCEREQUIREMENTS AND COl\lPLIANCE CRITERIA 

2.1 Fundamental requirements 

(l)P For the types of structures addressed by this Eurocode, the no-collapse 
requiren1ent in 1998-1 :2004, 2.1(1)P applies, in order to protect the safety of 
people, nearby buildings and adjacent facilities. 

(2)P For the types of structures addressed by this Eurocode the dan1age lil11itation 
requirel11ent in EN 1998-1 :2004, 2.1(1)P applies, in order to n1a1ntain the continuity of 
the operation of plants, industries and COl11111unication systems, in the event of 
earthquakes. 

(3)P The damage lin1itation requiren1ent refers to a seismk action having a 
probability of exceedance higher than that of the design seisl11ic action. The structure 
sha11 be designed and constructed to withstand this action without dan1age and 
linlitation of use, the cost of daIllage being lneasured with respect to the effects on the 
supported equipnlent and from the lil11itat10n of use due to disruption of operation of the 
facility. 

(4) In cases of low seisillicity, as defined in 1998-1:2004,2.2.1(3) and 3.2.1(4), 
the fundanlental requirenlents n1ay be satisfied by designing the structure for the 
seismic design situation as non-dissipative, taking no account of any hysteretic energy 
dissipation and neglecting the rules of the present Eurocode that specifically refer to 
energy dissipation capacity_ In that case, the behaviour factor should not be taken 
greater than the value of 1,5 considered to account for overstrengths (see EN 1998-
1 :2004, 2.2.2(2)). 

2.2 Compliance criteria 

2.2.1 Foundation 

(l)P Foundation design shall confol111 to EN 1998-5. 

2.2.2 Ultimate limit state 

(1) EN 1998-1 :2004, 2.2.2 applies. 

2.2.3 Damage limitation state 

(1) In the absence of any specific requiren1ent of the owner, the rules specified in 
4.9 apply, to ensure that daIl1age considered unacceptable for this linlit state will be 
prevented to the structure itself, to non-structural e1elllents and to installed equipn1ent. 
Defof111ation Jinlits are established with reference to a seismic action having a 
probability of occurrence higher than that of the design seismic action, in accordance 
with EN 1998-1 :2004, 2.1 (l)P. 

(2) Unless special precautions are taken, provisions of this Eurocode do not 
specifically provide protection against damage to equipnlent and non-structural 
elements under the design seismic action, as this is defined in EN 1998-1 :2004, 2.1(1 )P. 

12 



EN 1998-6:2005 (E) 

3 SEISMIC ACTION 

3.1 Definition of the seismic input 

(1) In addition to the translational con1ponents of the earthquake n10tion, defined in 
EN 1998-1 :2004, 3.2.2 and 3.2.3, the rotational con1ponent of the ground n10tion should 
be taken into account for tall structures in regions of high seisnlicity. 

NOTE 1: The conditions under which the rotational component of the ground motion should be taken 
into account in a country, \vill be found in the National Annex. The recommended conditions are 
structures taller than 80 m in regions where the product OgS exceeds 0,25g. 

NOTE 2: Informative Annex A gives a possible method to_define the rotational components of the 
motion and provides guidance for taking them into account in the analysis. 

3.2 Elastic response spectrum 

(I)P The elastic response spectrunl in ternlS of acceleration is defined in EN 1998-
1 :2004, 3.2.2.2 for the horizontal translational components and in EN 1998-1 :2004, 
3.2.2.3 for the vertical translational component. 

3.3 Design response spectrum 

(l) The design response spectrUl11 is defined in EN 1998-1 :2004, 3.2.2.5. The value 
of the behaviour factor, q, reflects, in addition to the hysteretic dissipation capacity of 
the structure, the influence of the viscous damping being different fron1 50/0, including 
damping due the soil-structure interaction (see EN 1998-1 :2004, 2.2.2(2), 3.2.2.5(2) and 
(3)). 

(2) For towers, nlasts and chimneys, depending on the cross section of the InelTlbers, 
design for elastic behaviour until the Ultinlate Linlit State nlay be appropriate. In this 
case the q factor should not exceed q = 1,5. 

(3) Alternatively to (2), design for elastic behaviour nlay be based on the elastic 
response spectrU111 with q = 1,0 and values of the damping which are chosen to be 
appropriate for the particular situation in accordance with 4.2.4. 

3.4 Time-history representation 

(1) EN 1998-1 :2004, 3.2.2.5 applies to the representation of the seisn1ic action in 
ten11S of acceleration time-histories. In the case of the rotational conlponents of the 
ground motion, rotational accelerations are sin1ply used instead of translational ones. 

(2) Independent tinle-histories should be used for any two different conlponents of 
the ground 1110tion (including the translational and the rotational c0111ponents). 

3.5 Long period components of the motion at a point 

(l) Towers, masts and chinlneys are often sensitive to the long-period content of the 
ground l11otion. Soft soils or peculiar topographic conditions nlight provide unusually 
large amplification of the long-period content of the ground motion. This an1plification 
should be taken into account as appropriate. 

NOTE: Guidance on the assessment of soil type for the purpose of determining appropriate ground 
spectra is given in EN 1998-5 :2004, 4.2.2 and in EN 1998-1 :2004, 3.1.2. Guidance on cases where 
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topographical amplification of motion may be significant is given in Informative Annex A of EN 
1998-5:2004. 

(2) Where site-specific studies have been calTied out, with particular reference to 
the 10ng period content of the motion, lower values of the factor f3 in expression (3.16) 
of EN 1998-1 :2004 are appropriate. 

NOTE: The value to be ascribed to f3 for use in a country, in those cases where site-specific studies 
have been carried out with particular reference to the long-period content of the motion, can be found 
in its National Annex. The recommended value for f3 in slich a case is 0,1. 

3.6 Ground motion components 

(1) The two horizontal con1ponents and the vertical component of the seismic action 
should be taken as acting simultaneously. 

(2) When taken into account, the rotational components of the ground motion 
should be taken as acting simultaneously with the translational components. 
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4 DESIGN OF EARTHQUAKE RESISTANT TOWERS, lVIASTS AND 
CHIMNEYS 

4.1 Importance classes and importance factors 

(l)P Towers, lnasts and chilnneys are classified in four ilnportance classes, 
depending on the consequences of collapse or damage, on their importance for public 
safety and civil protection in the inlnlediate post-earthquake period, and on the social 
and econonlic consequences of collapse or danlage. 

(2) The definitions of the inlportance classes are given in Table 4.1. 

T bl 411 a e . t mpor ance c asses ~ t or t owers, mas s an d h' c lmneys 

Itnportance class 

I Tower, mast or chilnney of Ininor itnportance for public safety 

II Tower, nlast or chinlney not belonging in classes I, III or IV 

III Tower, mast or chimney whose collapse nlay affect surrounding 
buildings or areas likely to be crowded with people. 

IV Towers, masts or chimneys whose integrity is of vital inlportance 
to l11aintain operational civil protection services (water supply 
systems, an electrical power plants, telecomnlunications, 
hospitals ). 

. 

(3) The importance factor Ii = 1,0 is associated with a seisnlic event having the 
reference return period indicated in EN 1998-1 :2004, 3.2.1(3). 

(4)P The value of Ii for inlportance class II shall be, by definition, equal to J ,0. 

(5)P The inlportance classes are characterised by different importance factors Ii, as 
described in EN 1998-1 :2004,2.1(3). 

NOTE The values to be ascribed to )i for use in a country may be found in its National Annex. The 
values of )i may be different for the variolls seismic zones of the country, depending on the seismic 
hazard conditions and on public safety considerations Note to EN 1998-1 :2004, 2.1(4)). The 
recommended values of )1 for importance classes I, HI and IV are equal to 0,8, 1,2 and 1,4, 
respectively. 

4.2 Modelling rules and assumptions 

4.2.1 Number of degrees of freedom 

(1) The mathelnatical model should: 

take into account the rotational and translational stiffness of the foundation; 

include sufficient degrees of freedon1 (and the associated nlasses) to determine the 
response of any significant stnlctural elenlent, equipment or appendage; 

include the stiffness of cables and guys; 

take into account the relative displacenlents of the supports of equipment or 
machinery (for example, the interaction between an insulating layer and the exterior 
tube in a chimney); 
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take into account plpmg interactions, externally applied structural restraints, 
hydrodynamic loads (both mass and stiffness effects, as appropriate). 

(2) Models of electric transmission lines should be representative of the entire line. 
As a mininlulll, at least three consecutive towers should be included in the model, so 
that the cable nlass and stiffness is representative of the conditions for the central tower. 

(3) Dynamic nl0dels of bell-towers should take into account the oscillation of bells, 
if the bell 11lass is significant with respect to that of the top of the bell-tower. 

4.2.2 Masses 

(l)P The discretisation of lTIaSSeS in the lTIodel shall be representative of the 
distribution of inertial effects of the seislTIic action. Where a coarse discretisation of 
translational nlasses is used, rotational inertias shall be assigned to the corresponding 
rotational degrees of freedol1l. 

(2)P The 11lasses shall include all pelmanent parts, fittings, tlues, insulation, any dust 
or ash adhering to the surface, present and future coatings, liners (including any relevant 
short- or long-tenn effects of tluids or tnoisture on the density of liners) and equiplllent. 
The penllanent value of the ll1ass of structures or pellnanent parts, etc., the quasi
pernlanent value of the equipment nlass and of ice or snow load, and the quasi
pennanent value of the inlposed load on platfornls (accounting for lTIaintenal1ce and 
temporary equipment) shall be taken into account. 

(3)P The conlbination coefficients ~/Ei introduced in EN 1998-1 :2004, 3.2.4(2)P, 
expression (3.17), for the calculation of the inertial effects of the seismic action shall be 
taken as equal to the conlbination coefficients lj/2i for the quasi-pernlanent value of 
variable action qi, as given in EN 1990:2002, Annex A3. 

(4)P Thelnass of cables and guys shall be included in the nlode1. 

(5) If the lTIaSS of the cable or guy is significant in relation to that of the tower or 
Inast, the cable or guy should be modelled as a lunlped mass systenl. 

(6)P The total effective nlass of the inlnlersed part of intake towers shall be taken as 
equal to the sunl of: 

the actual ll1ass of the tower shaft (without allowance for buoyancy), 

the Inass of the water possibly enclosed within the tower (hollow towers), 

the added Inass of the externally entrained water. 

NOTE: In the absence of rigorous analysis, the added mass of entrained water may be estimated 
according to Informative Annex F of EN 1998-2:2005. 

4.2.3 Stiffness 

(1) In concrete elements the stiffness properties should be evaluated taking into 
account the effect of cracking. If design is based on a value of the q factor greater than 
1, with the corresponding design spectrunl, these stiffness propeliies should cOlTespond 
to incipient yielding and may be deternlined in accordance with EN 1998-1 :2004, 
4.3.1(6) and (7). If design is based on a value of q 1 and the elastic response spectrUlTI 
or a corresponding tinle-history representation of the ground nl0tion, the stiffness of 
concrete elenlents should be calculated fronl the cracked cross-section properties that 
are consistent with the level of stress under the SeiSI111c action. 
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(2) The effect of the elevated ten1perature on the stiffness and strength of the steel 
or of reinforced concrete, in steel or concrete chin1neys, respectively, should be taken 
into account. 

(3) If a cable is modelled as a single spring for the entire cable, instead of a series of 
lUll1ped lTIaSSeS connected through springs, the stiffness of the single spring should 
account for the sag of the cable. This lTIay be done by using the fo])owing equivalent 
modulus of elasticity: 

(4.1 ) 

--'--- E 
120'3 c 

where: 

Eeq is the equivalent 1110dulus of elasticity, 

r is the unit weight of the cable, including the weight of any ice load on the cable 
in the seismic design situation, 

(J' is the tensile stress in the cable, 

t is the cable length, 

is the n10dulus of elasticity of the cable n1aterial. 

( 4) F or strands consisting of wrapped ropes or wires, Ee is generally lower than the 
modulus of elasticity E in a single chord. In the absence of specific data fron1 the 
lTIanufacturer, the following reduction n1ay be taken: 

(4.2) 

where f3 is the wrapping angle of the single chord. 

(5) If the preload of the cable is such that the sag is negligible, or if the tower is 
shorter than 40 ITI, then the cable lTIay be modelled as a linear spring. 

NOTE: The mass ofthe cable should be fully accounted for in accordance with 4.2.2(4)P. 

4.2.4 Damping 

(1) If the analysis is perfornled in accordance with 3.3(3) on the basis of the elastic 
response spectllln1 of EN 1998-1 :2004, 3.2.2.2, viscous damping different froll1 50/0 lTIay 
be used. In that case, a n10da1 response spectrun1 analysis lTIay be applied with damping 
ratio taken to be different in each mode of vibration. 

NOTE: A modal response spectrum analysis procedure accounting for modal damping is given in 
Informative Annex B. 

4.2.5 Soil-structure interaction 

(1) For structures founded on soft soil deposits, EN 1998-1 :2004, 4.3.1(9)P applies 
for the effects of soil-structure interaction. 

NOTE 1. Informative Annex C provides guidance for taking soil-structure interaction into account in 
the analysis. 
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NOTE 2: In taU structures, e.g. with height being greater than five times the maximum base 
dimension, the rocking compliance of the soil is important and may significantly increase the second 
order etTects. 

4.3 Methods of analysis 

4.3.1 Applicable methods 

(I) The seisnlic action effects and the effects of the other actions included in the 
seisl11ic design situation nlay be deternlined on the basis of linear-elastic behaviour of 
the structure. 

(2) EN 1998-1 :2004, 4.3.3.1(2)P, (3), (4) and (5) apply. 

NOTE: The Note to EN 1998-1:2004, 4.3.3.1 (4) applies. 

(3)P For the "rigid diaphragnl" assumption to be applicable to steel towers, a 
horizontal bracing systenl capable of providing the required rigid diaphraglll action, 
shall be provided. 

(4)P For the "rigid diaphragill" assunlption to be applicable to steel chilllneys, 
horizontal stiffening rings shall be provided at close spacing. 

(5) If the conditions for the applicability of the "rigid diaphragnl" assunlption are 
not nlet, a three-dinlensional dynamic analysis should be perfornled, capable of 
capturing the distortion of the structure within horizontal planes. 

4.3.2 Lateral force method 

4.3.2.1 General 

(1) This type of analysis is applicable to structures that meet both of the following 
two conditions 

(a) The lateral stiffness and mass distribution are approximately synl111etrical in plan 
with respect to two orthogonal horizontal axes, so that an independent 1110del can be 
used along each one of these two orthogonal axes. 

(b) The response is not significantly affected by contributions of higher nlodes of 
vibration. 

(2) For condition (l)b) to be met, the fundaIllental period in each one of the two 
horizontal directions of (l)a) should satisfy EN 1998-1:2004: 4.3.3.2.1(2)a. In addition, 
the lateral stiffness, the nlass and the horizontal dimensions of the structure should 
reillain constant or reduce gradually from the base to the top, without abrupt changes. 

NOTE: The detailed or additional conditions for the lateral force method of analysis to be applied in a 
country may be found in its National Annex. The recommended additional conditions are: a total 
height, H, not greater than 60 m and an importance class 1 or 11. 

(3) If the relative motion between the supports of piping and equipment suppOlied at 
different points is illlportant for the verification of the piping or the equipment, a modal 
response spectrUlll analysis should be used, to take into account the contribution of 
higher nlodes to the magnitude of this relative motion. 
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4.3.2.2 Seismic forces 

(1) The analysis for the detennination of the effects of the seisnlic action is 
performed by applying horizontal forces F j , i = 1, 2 ..... 11 to the 11 lU111ped nlasses to 
which the structure has been discretised, inc1uding the lnasses of the foundation. The 
sunl of these forces is equal to the base shear, taken as equal to: 

11 

(4.3) 

where: 

Sd(T) is the ordinate of the design response spectnlln as defined in 1998-1 :2004, 
3.2.2.5, for the fundamental period of vibration T in the horizontal direction of 
the lateral forces. If period T is not evaluated as in 1998-1 :2004, 
4.3.3.2.2(2), the spectral value Sd(Tc) should be used in expression (4.3). 

(2) The distribution of the horizontal forces Fi to the 11 lunlped Inasses should be 
taken in accordance with EN 1998-1 :2004, 4.3.3.2.3. 

NOTE: The latera] force method normally overestimates the seismic action effects in tapered towers 
where the mass distribution substantially decreases with elevation. 

4.3.3 Modal response spectrum analysis 

4.3.3.1 General 

(1) This Inethod of analysls may be applied to every structure, \vith the selsnllC 
action defined by a response spectrum. 

4.3.3.2 Number of modes 

(l)P 1998-1 :2004, 4.3.3.3.1(2)P applies. 

(2) The requirelnents specified in (l)P 111ay be deenled to be satisfied if the sunl of 
the effective Inodal masses for the nlodes taken illto account anlounts to at least 900/0 of 
the total mass of the structure. 

NOTE 1: Informative Annex D provides further information and guidance for the application of (2). 

NOTE 2: The number of modes which is necessary for the calculation of seismic actions at the top of 
the structure is higher than what is sufficient for evaluating the overturning moment or the 
total shear at the base of the structure. 

NOTE 3: Nearly axisymmetric structures normally have very closely spaced modes which deserve 
special consideration. 

4.3.3.3 Combination of modes 

(l) EN 1998-1 :2004, 4.3.3.3.2(1), (2) and (3)P apply for the combination of 1110dal 
maXlnlum responses. 
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4.4 Combinations of the effects of the components of the seismic action 

(] ) The effects of any rotational con1ponent of the ground motion about a horizontal 
direction n1ay be con1bined with those of the translational cOlnponent in the orthogonal 
horizontal direction through the square root of the sum of the squares rule (SRSS 
con1bination). 

(2) The con1bination of the effects of the cOlnponents of the seismic action should 
be accounted for in accordance with either one of the two altenlative procedures 
specified in EN 1998-1 :2004, 4.3.3.5.2(4). For the application of the procedure in EN 
1998-1 :2004, 4.3.3.5.2( 4) based on expressions (4.20) to (4.22), any rotational 
cOlnponents about a horizontal direction should first be con1bined with those of the 
translational cOlnponent in the orthogonal horizontal direction in accordance with (1). 

4.5 Combinations of the seismic action with other actions 

(1) EN 1990:2002, 6.4.3.4 and EN 1998-1 :2004, 3.2.4(1)P and (4) app1y for the 
conlbination of the seisnlic action with other actions in the seismic design situation. 

4.6 Displacements 

(l) EN 1998-1:2004, 4.3.4(1)P and (3) apply for the calculation of the 
displacen1ents induced by the design seismic action. 

4.7 Safety verifications 

4.7.1 Ultimate linlit state 

(l)P The no-collapse requirenlent (ultilnate lin1it state) under the seis111ic design 
situation is considered to be fulfilled if the conditions specified in the following 
subclauses regarding resistance of elen1ents and connections, ductility and stability are 
Inet. 

4.7.2 Resistance condition of the structural elements 

(1)P The following relation shall be satisfied for all structural elements, including 
connecti on s: 

(4.4) 

\vhere: 

Rd is the design resistance of the elenlent, calculated in accordance with the mechanical 
models and the rules specific to the n1aterial (in tenns of the characteristic value of 
lnaterial properties,/k, and partia1 factors YM), 

Ed is the design value of the action effect due to the seislnic design situation (see EN 
1990:2002 6.4.3.4), including, if necessary, second order effects. (see 4.7.3) and 
thernlal effects (see 4.8). Redistribution of bending n10ments is permitted III 

accordance with 1992-1-1 :2004, 1993-1-1 :2004 and EN 1994-1-1 :2004. 
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NOTE: The values ascribed to the partial factors for steel, concrete, structural masonry and 
other materials for use in a country can be found in the relevant National Annex to this standard. In 
EN 1998-1 :2004 notes to subcIauses 5.2.4(3), 6.1.3( I). 7.1.3(1) and 9.6(3) refer to the values of 
partial factors for concrete, structural steel and masonry for the design of new buildings in 
different countries. 

4.7.3 Second order effects 

(l)P Second order effects shall be taken into account, unless the condition in (2) is 
fulfi1led. 

(2) Second order effects need not be taken into account if the following condition is 
fulfilled: 

81U/J'V!O<0, 1 0 (4.5) 

where 

8M is the overtunling mOluent due to second order effect (P-i1) effect, 

Mo is the first-order overturning nlOlnent. 

4.7.4 Resistance of connections 

(l)P For welded or bolted non-dissipative connections, the resistance shall be 
detenuined in accordance with 1993-1-1. 

(2)P The resistance to be provided for welded or bolted dissipative connections shall 
be greater than the plastic resistance of the connected dissipative Inenlber based on the 
design yield stress of the material as defined in 1993-1-1 taking into account the 
overstrength factor (see 1998-1, 6.1.3(2) and 6.2). 

(3) For requirements and properties for bolts and welding consumables, 1993-1-
8:2004 applies. 

(4) Non-dissipative connections of dissipative Inelnbers made by nleans of full 
penetration butt welds are deelued to satisfy the overstrength critedon. 

4.7.5 Stability 

(l)P The overall stability of the structure in the seisnlic design situation shall be 
verified, taking i11to account the effect of piping interaction and of hydrodynanlic loads, 
where relevant for the seismic design situation. 

(2) The overall stability may be considered to be verified, if the rules relevant to 
stability verification in EN 1992-1-1, EN 1993-1-1, EN 1993-1 EN 1993-1-6, EN 
1993-3-1 and EN 1993-3-2 are fulfilled. 

(3) The use of class 4 sections is allowed in structural steel nlelubers, provided that 
all of the following conditions are Olet: 

(a) the specific nIles in EN 1993-1-1:2004,5.5 are fulfilled; 

(b) the value of the behaviour factor, q, is lilnited to 1,5 (see also special lules in 

Sections 6 or 7 for structures with class 4 sections); and 

(c) the slenderness A is not greater than: 

120in menlbers; 
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180 in seismic prilnary bracing lnelnbers; 

250 in seisnlic secondary bracing nlenlbers; 

where seismic prinlary and seislnic secondary nlenlbers are defined as in EN 1998-
1 :2004, 4.2.2. 

4.7.6 Ductility and energy dissipation condition 

(l)P The stnlctural elenlents and the structure as a whole shall possess capacity for 
ductility and energy dissipation which is sufficient for the delllands under the design 
seisnlic action. The value of the behaviour factor used in the design should be related to 
the ductility and energy dissipation capacity of the structure. 

(2) The requirement in (1)P is deemed to be satisfied through either one of the 
following design approaches: 

(a) Design the structure for dissipative behaviour, using a value of the behaviour 
factor greater than 1,5 and applying the special rules given in Sections 5, 6, 7 and 8 for 
energy dissipation capacity of the different types of structures addressed in those 
Sections. 

(b) Design the structure for non- (or ]ow-) dissipative behaviour, using a value of 
the behaviour factor not greater than 1,5 and applying 2.1 (4). 

4.7.7 Foundations 

(l)P EN 1998-1 :2004, 2.2.2(4)P applies. 

(2) The design and verification of the foundation should be in accordance with EN 
1998- J :2004, 4.4.2.6. When the action effect ft'OITI the analysis for the design seismic 
action, EF,E, in expression (4.30) of EN 1998-1 :2004 is the vertical force due to the 
earthquake, JVEd, the contribution of the vertical conlponent of the seislnic action to 
Inay be neglected if it causes uplift of the foundation. 

4.7.8 Guys and fittings 

(l) For requirelnents and properties of ropes, strands, wires and fittings, EN 1993-1-
11 applies. 

4.8 Thermal effects 

(1) The thennal effects of the normal operating temperature on the 111echanical 
properties of the stnlctural elelnents, such as the elastic 1110dulus and the yield stress, 
should be taken into account in accordance with EN 1992-1-2:2004, EN 1993-1-2:2004 
and 1994-1-2:2004. Thermal effects of structural element tenlperatures less than 
1000e nlay be neglected. For free-standing steel chimneys, see EN 13084-7. 

4.9 Damage limitation state 

(1) The danlage linlitation requirelnent establishes lin1its to displacenlents under the 
damage lilnitation seismic action. Sections 5, 6, 7 and 8 provide linlits depending on the 
type of structure. 
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(2) If the operation of the structure is sensitive to deforl11atiol1s, (for exa111ple in 
teleco111munication towers, where defonnation 111ight lead to permanent damage of 
equipnlent or loss of the signal), reduced li111its to displacenlents 111ay be used. 

(3) Displacelnents for the daInage limitation requirenlent nlay be calculated as 
those obtained in accordance with 4.6(1) for the design seisrnic action corresponding to 
the "ultilnate lilnit state requiren1ent" lnultiplied by a reduction factor v which takes 
into account the lower return period of the seisnlic action associated with the danlage 
lilnitatiol1 requirelnent (see EN 1998-1 :2004, 4.4.3.1). 

(4) The value of the reduction factor v may also depend on the importance class of 
the structure. 

NOTE The values to be ascribed to v for lise in a country may be found in its National Annex. 
Different values of v may be defined for the various seismic zones of a country, depending on the 
seismic hazard conditions and on the damage limitation objectives, which may be different for towers, 
masts or chimneys. The recommended values of yare v 0,4 for importance classes III and IV and v 
= 0,5 for importance classes I and II. 

4.10 Behaviour factor 

4.10.1 General 

(I)P The val ue of the behaviour factor q shall be determined as: 

q=q okr?:.l ,5 

\vhere: 

(4.6) 

qo is the basic value of the behaviour factor, reflecting the ductility of the lateral 
load resisting systenl, with values defined in Sections 5, 6, 7 and 8 for each 
different type of structure, 

kr is the n10dification factor reflecting departure froln a regular distribution of 
mass, stiffness or strength, with values defined in 4.10.2. 

4.10.2 Values of modification factor kr 

(1)P The value of kr shall be taken as equal to 1,0, unless n10dified due to the 
existence of any of the follo\ving irregularities in the structure. 

a) Horizontal eccentricity of the lnass at a horizontal level with respect to the centroid 
of the stiffness of the elenlents at that level, exceeding 50/0 of the parallel din1ension of 
the structure: 

kr=0,8 

b) Openings in a shaft or structural shell causing a 30% or larger reduction of the 
lnonlent of inertia of the cross-section: 

kr=0,8 

c) Concentrated nlass within the top third of the height of the structure, contributing by 
500/0 or n10re to the overturning m0111ent at the base: 

kr=0,7 
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(2)P When n10re than one of the above irregularities are present, kr shal1 be assull1ed 
to be equal to the product of 0,9 times the lowest values of kr. 
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5 SPECIFIC RULES FOR REINFORCED CONCRETE CHIMNEYS 

5.1 Scope 

(l)P This section refers to concrete chinlneys of annular (hollow circular) cross
section. 

(2)P Concrete chil11neys designed in accordance with this Eurocode shall confonn to 
EN 1992-1 1 :2004 and EN 1992-1-2:2004 and to the additional rules specified in this 
Section. For free-standing concrete chinlneys, the rules of 13084-2:200 I that are 
complenlentary and non-contradictory to the rules of any EN-Eurocode apply also 

(3) Concrete should be of a class not lower than C20/25, as defined in 1992-1-
1 :2004. 

5.2 Design for dissipative behaviour 

(1) Concrete chinlneys may be designed for dissipative behaviour with a basic val ue 
of the behaviour factor qo by applying within the critical sections defined in (2) 
the rules of the present clause 5.2. 

(2) The critical region should be taken as the following: 

- from the base of the chil11ney to a height 0 above the 

- frOl11 an abrupt change of section to a height D above the abrupt change of section; 

- a height D above and below sections of chinlney where nlore than one opening 
exists 

where D is the outer diatneter of the chimney at the lniddle of the critical region. 

(3) In the design for dissipative behaviour, a nl1niJTIUnl value of the local curvature 
ductility factor, Pcp, should be provided within the critical sections defined in (2). The 
local curvature ductility factor should be ensured by providing confining reinforcement, 
in accordance \vith (4) and with EN 1998-1 :2004, 5.4.3.2.2(10)P and (11). 

(4) The mechanical volumetric ratio of confining reinforcenlent, @,V(J, defined as in 
EN 1998-1 :2004, 5.4.3.2.2(8), should be related to the local curvature ductility factor, 
fl~, after spaUing of the cover concrete, through the general nlethod based on: 

a) the definition of the curvature ductility factor fron1 the curvatures at ultinlate and 

at yielding, as Jl~=¢/¢y; 

b) calculation of ¢u as and of ¢y as ¢y= 1 ,~h/(EsD), where D is the 
diameter as defined in (2); 

c) neutral axis depth, Xu, estinlated from section equilibriunl at ultinlate conditions; 

d) the stress-strain models in EN 1992-1-1 :2004, 3.1.9 and the strength and 
ultimate strain of confined concrete, and Ccu2,c as a function of the effective lateral 
confining stress in accordance with EN 1992-1-1 :2004, 3.1.9; and 

e) expression of the effective lateral confining stress as 0,5acuwd, \vith the 
confinelTIent effectiveness factor a taken froln EN 1998-1 :2004, 5.4.3.2.2(8)b) or c). 

(5) The value of the curvature ductility factor, flq), to be used in (3), (4) may be 
deten11ined fron1 the displacelnent ductility factor, flo, using the expression: 

25 



EN 1998-6:2005 

=~=l+ J.1 -1 
¢) Lpl 

4-

(5.1) 

LV 

where: 

Lpl: plastic hinge length, 

Lv = /vIEr/VEe!: shear span of the chin1ney at the bott01n section of the critical region 
calculated on the basis of the m01nent and shear fron1 the analysis. 

(6) The value of the displacell1ent ductility factor, 1'0, to be used in expression (5.1) 
may be derived from the following relationship between Jio and qo: 

(5.2) 

(5.3) 

where TJ is the fundanlental period of the chimney Tc is the period at the upper ]imit of 
the constant acceleration region of the spectrun1, in accordance with 1998-1 :2004, 
3.2.2.2(2)P. 

(7) The value of the plastic hinge length, LpJ, to be used in expression (5.1), l11ay be 
taken equal to: 

Lpl=0,5D (5.4) 

where D is the outside diameter of the chinlney as defined in (2). 

(8) To avoid ill1plosive spalling of the concrete at the inner surface, within the 
critical sections defined in (2) the value of the ratio of the outer diameter, as defined in 
(2), to the thickness of the section wall, should not exceed 20. 

(9) Horizontal construction joints within the critical sections defined in (2) should 
be avoided. 

(10) EN 1998-2:2005, 6.2.3 applies within the critical regions defined in (2). 

5.3 Detailing of the reinforcement 

5.3.1 Minimum reinforcement (vertical and horizontal) 

(I)P In chinlneys with an outer diameter, of 4 m or nl0re, the vertical and the 
horizontal reinforcen1ent shall be placed in two layers ( curtains) each: one layer per 
direction near the inner and the other layer near the outer surface, \vith not less than half 
of the total vertical reinforcenlent placed in the layer near the outer face. 

(2) In chiInneys with an outer diameter of 4 111 or Inore, the minin1ulll ratio of the 
vertical reinforcement to the cross-sectional area should be not less than 0,003. 

(3) In chilnneys with all outer dialneter of 4 n1 or more, the minilnunl ratio of the 
horizontal reinforcelnent to the cross-sectiona1 area should be not less than 0,0025. For 
free-standing concrete chimneys, the relevant rule of EN 13084-2:2001 applies also. 

(4)P In chinlneys with an outer diameter of less than 4 m, the entire vertical or 
horizontal reinforcenlent nlay be placed in a single layer (curtain) per direction, near the 
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outer surface. In that case the ratio of the reinforcement in the outer layer to the cross
sectional area should be not less than 0,002 per direction. 

(5) Close to the chilnney top, where stresses due to the pernlanent loads are low, the 
miniluulu vertical reinforcen1ent ratio nlay be taken as equal to that of the horizontal 
reinforcement. 

(6) The spacing of vertical bars should be not n10re than 250 111111 and that of 
horizontal bars should be not n10re than 200 mm. 

(7) The horizontal reinforcenlent bars should be placed between the vertical bars 
and the concrete surface. Cross-ties between the outer and the inner layer of 
reinforcement should be provided at a horizontal and vertical spacing of not more than 
600 Ium. 

5.3.2 Minimum reinforcement around openings 

(1) Around the perimeter and the corners of openings, reinforcement should be 
placed additional to that provided away froln the openings. The additional 
reinforcelnent should include diagonal as well as vertical and horizontal bars at the 
corners and should be placed as near to the outside surface of the opening as nonnal 
consttuctional considerations penl1it. The bars should extend past the opening perilneter 
for a full anchorage length. 

(2) The area of the additional horizontal and vertical reinforcenlent in each direction 
should not be less than that of the bars which are discontinued due to the presence of the 
opening. Over a horizontal distance from either vertical side of the opening of half the 
opening width, the vertical reinforcenlent ratio should not be than 0,0075. 

5.4 Special rules for analysis and design 

(1) Except as specified in (2)P, only one horizontal conlponent of the ground motion 
needs to be taken into account. 

(2) P In chilnneys with openings within the critical regions defined in 5.2(2) with 
horizontal greater than the thickness of the chimney wall, both horizontal 
components of the ground Inotion need to be taken into account. 

(3) The vertical cOlnpollent of the ground motion nlay be disregarded. 

(4) When the liner (consisting of brick, steel, or other nlaterials) is laterally 
supported by the chimney structural shell at closely spaced points such that the 
movenlent of the liner relative to the shell is considered negligible, the mass of the liner 
may be incorporated into that of the stluctural shell, without including separate degrees 
of freedoln for the liner. 

(5) When the supports of the chinlney liner at the top of the chinlney and possibly at 
intermediate points pelmit movelnent of the liner relative to the structural shell, the liner 
should be included in the dynan1ic analysis model separately fro111 the concrete 
structural shell. In that case, if the elastic response spectrum is used for the analysis in 
accordance with 3.3(2) and 4.2.4, the value of the dalnping ratio to be used for the liner 
should depend on its consttuction. 

NOTE: Informative Annex B proposes values of the damping ratio for typical liner materials. 
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5.5 Damage limitation state 

(1) Waste gas flues in chinlneys should be checked for imposed defornlations 
between support points and clearances between internal elements, so that gas tightness 
is not lost and sufficient reserve is Inaintained against collapse of the flue gas tube, 
under the displacenlents calculated in accordance with 4.9(3). 

(2) The require111ent for damage limitation is considered to be satisfied if the lateral 
displacenlent of the top of the structure, calculated in accordance with 4.9(3), does not 
exceed 0,5%) of the height of the structure, 

(3) The relative deflection between different points of support of the liner, 
COll1puted in accordance with 4.9(3), should be restricted for damage linlitation of the 
liner. Unless stricter linlits are specified for the particular project, the following tinlits 
on the relative lateral displacen1ents of adjacent points of support of the liner should be 
observed: 

a) if provisions are taken to allow relative movenlent between separate parts of the liner, 
(e.g. by constructing the liner of tubes independent from each other, with suitable 
clearance): 

dr ::;; 0,020 AH 

b) in all other cases: 

dr S; 0,012 MJ 

where ;j.H is the vertical distance of adjacent platforn1s supporting the liner. 
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6 SPECIAL RULES FOR STEEL CHIMNEYS 

6.1 Design for dissipative behaviour 

(1) Steel fralne or truss structures which provide lateral support to flue ducts of 
chimneys may be designed for dissipative behaviour, in accordance with the relevant 
rules of EN 1998-1 :2004, Section 6. In that case their design should be based on values 
of the basic behaviour factor qo not exceeding the following: 

(a) 

(b) 

nl0ment resisting fralnes or frames with eccentric bracing qo = 5; 

frames with concentric bracing: qo taken fro I)) 7.1. 

(2) Steel chilnneys consisting of a structural shell designed for dissipative behaviour 
should satisfy the requirenlents of EN 1993-1-1 :2004, 5.4.3 and 5.6 for plastic global 
analysis. In that case their design 111ay be based on a value of the basic behaviour factor: 
qo 2,5. 

(3) Depending on the chosen cross-sections, the basic value of the behaviour factor 
is limited by the values given in Table 6.1. 

NOTE: Guyed steel chimneys are generally lightweight. As such, their design for lateral actions is 
usually governed by wind, unless they have large flares or other masses near the top. 

Table 6.1: Restrictions on the basic value of the behaviour factor, depending on the 
cross-sectional class of steel elements 

Basic value of the behaviour factoI', qo Allowed cross-sectional class 

qo 1,5 
Class I, 2, 3 or 4 (in accordance with 

4.7.5(3)) 

1,5 < qo ~ 2 Class 1,2 or 3 

2 < qo ~ 4 Class I or 2 

qo> 4 Class 1 

6.2 Materials 

6.2.1 General 

(1)P Structural steel shall conform to the European Standards referred to in EN 1993-
1 1 :2004, 1.2.2 and EN 1993-3-2. 

(2)P Structural steel shall confonn to EN 1993-1-1 :2004, 3.2 

(3) The thickness of steel elenlents should confonn to the requiren1ents of EN ] 993-
1 1. 0:2004, Table 2.1, depending on the Charpy V-Notch (CVN) energy and other 
relevant paratneters, and of EN 1993-3-2. 

(4) Where stainless steel or alloy steel cOlnponents are connected to carbon steel, 
bolted connections are preferred. In order to avoid accelerated corrosion due to galvanic 
action, such connections should include insulating gaskets.We1ding is pern1itted, 
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provided tbat specialised nletallurgical control is exercised with regard to the welding 
procedure and the electrode selection. 

6.2.2 l\1echanical properties for structural carbon steels 

(l)P The 111echanical properties of structural carbon steels S S 275, S 355, S 420, 
S 460 shall be taken from 1993-1-1 :2004 and, for properties at higher temperatures, 
fro111 EN 13084-7. 

6.2.3 ~lechanical properties of stainless steels 

(l)P Mechanical properties related to stainless steels shall be taken from EN 
1993-1-4 for telnperature up to 400°C and at higher ten1peratures frOlTI EN 13084-7. 

6.2.4 Connections 

(1) For connection lnaterials, welding consulnables, etc., should be made 
to 1993-1-8:2004 and the relevant product standards specified therein. 

NOTE: Reference is also made to EN 1993-3-2:2005, Informative Annexes C and E . 

6.3 Damage limitation state 

(l) 5.5(1) applies. 

(2) 5.5(2) applies. 

6.4 Ultinlate limit state 

(1) Design in accordance with the present standard, including the values of the 
behaviour factors specified for dissipative or for non-dissipative behaviour, is deemed 
to ensure that low cycle of structural details (especially connections) will not 
contribute to the ultin1ate li111it state. 

(2) In the design of details, such as flanges, the plastic stress distribution should be 
taken into account. 

(3) In the verification of a chilnney for the seiSlnic design situation, a corrosion 
allowance on thickness should be taken into account in accordance with EN 1993-3-2, 
unless the special measures for corrosion protection in EN 1993-1-1 :2004 are taken. 

(4) Weakening of cross-section by cut-outs or openings (manholes, flue inlet) shan 
be c0111pensated for by local reinforcement of the structural shell (e.g. through stiffeners 
around the edges of the openings), taking into account local stability considerations (see 
EN 1993-3-2). 
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7 SPECIAL RULES FOR STEEL TO\VERS 

7.1 Scope 

(I)P Steel towers designed according to this Eurocode shall confoIll1 to the relevant 
parts of 1993~ including 1993-1-1 and EN 1993-3-1, and to the additional rules 
specified in this Section. 

7.2 Design for dissipative behaviour 

(1) Design of steel towers for dissipative behaviour should be in accordance vvith 
the relevant rules of EN 1998-1 :2004, Section 6. In that case their design should be 
based on values of the basic behaviour factor C/o not exceeding the following: 

moment resisting fralTIeS, or fraIlles with eccentric bracings qo 5; (a) 

(b) 

(2) 

franles with concentric bracings: qo taken fronl Fig. 7.1. 

6.1(3) applies. 

(3) If trussed tubes are used in the nlajor diagonals of the tower, the basic value of 
the behaviour factor should be lilnited to 2. 

7.3 Materials 

(l)P Structural steel shall conforITI to the European Standards referred to in EN 1993-
1-1 :2004, 1.2.2 and EN 1993-3-1. 

(2)P 6.2.1(2)P applies. 

(3)P 6.2.1(3)P applies. 

(4) The requirements in EN 1998-1 :2004, 6.2 apply. 

(5) The thickness of cold-fornled ll1ell1bers for towers should be at least 3 111111. 

NOTE: Steel towers are sometimes to be in service without maintenance for 30 years to 40 
years or even longer. Weathering steel may then be used, unless protection corrosion is 
applied, sllch as hot dip galvanising. 

7.4 Design of towers with concentric bracings 

(1) Figure 7.1 shows the values of qo to be used ill the design of typical 
configurations of steel towers with concentric bracings for dissipative behaviour. 

(2) In the ffaITIes in Figure 7.1 (a) to (e) and (h), both the tensioll and conlpression 
diagonals shall be takell into account in an elastic analysis of the structure for the 
seismic action. 

(3) The franles in Figure 7.1 (a) to (c) belong to K types of bracings and are not 
allowed for dissipative behaviour. The value of q for this type of fi-anles is lilTIited to 
1,5. 

(4) The frames in Figure 7.1(d) and (h) tnay be considered sitlli\ar to V-braced 
fraITIes with diagonals intersecting on a continuous horizontal lTIenlber. Design for 
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dissipative behaviour should be in accordance with the rules given in EN 1998-1 :2004, 
6.7 pertaining to fran1es with V bracings. 

(5) For the frame in Figure 7.I(e) design for dissipative behaviour should be in 
accordance with the rules in EN 1998-1 :2004, 6.7 pertaining to fralnes with diagonal 
bracings in which the diagonals are not positioned as X diagonal bracings. 

(6) The X-braced fran1es in Figure 7.1 (f) and (g) lnay be considered as fran1es with 
X diagonal bracings. In design for dissipative behaviour only the tension diagonals 
should be taken into account in an elastic analysis of the structure for the seismic action. 
Such design should be in accordance with the rules given in EN 1998-1 :2004, 6.7 
pertaining to fratTIes with X diagonal bracings. 

(7) If the value of the basic behaviour factor used in the design is greater than or 
equal to fully triangulated horizontal bracings, such as those in Figure should 
be provided. 

7.5 Special rules for the design of electrical transmission towers 

(1) The design should take into account the adverse on the tower of the 
cables between adjacent towers. 

(2) The requiren1ent in (1) may be satisfied if the seismic action effects in the tower 
structure are ca1culated by a simple addition of the fonowing (SRSS or sin1ilar 
con1bination rules should not be used): 

- The seisn1ic action effects due to the forces exerted on the to\ver by the cables, 
assuming that the tower moves statically with respect to the adjacent ones in the 
n10st adverse direction. The assumed relative displacen1ent should be equal to twice 
the design ground displacen1ent specified in EN 1998-1 :2004, 3.2.2.4. A set of all 
physically possible relative displacen1ents between towers should be analysed, 
under the assun1ption that to\vers are fixed at their base; 

The seis111ic action due to the inertia loads fron1 a dynamic analysis in 
accordance with 4.2.1(2). In the three towers model, a linliting assumption lTIay be 
n1ade for the two adjacent towers, if these are tangent towers. In this case, inertia 
loads n1ay be calculated assu111ing the adjacent tower is elastically supported at the 
cable elevation along the direction of the cables. 

7.6 Damage limitation state 

(1) Lin1its on the displacen1ents, calculated in accordance \vith 4.9(3), should be 
specified for the particular project for the da111age lin1itation state, depending on the 
function of the tovver. 
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--... -. . .... -.... .--

------------------------------ ---------------------------

--.-. ..-

(c)qo= 1,5 

(e) qo = 3 (h) qo = 2 

Figure 7.1: Basic values of the behaviour factor for configurations of steel frames 
with concentric bracings. 

. ...... .•...••.... . ••.... 
. ,.... .......... . .,.. .. 

~ 
Figure 7.2: Examples of fully triangulated horizontal bracings, to be used in towers 

with qo ~ 3,5. 
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7.7 Other special design rules 

(1) "Telescope joints" nlay only be used in tubular steel towers, if they are 
experimentally qualified. 

(2) Anchorage to the foundation should be provided at the base of the colunlns for 
the tension force which is the larger of the following two values, if they are tensile: 

(a) the force calculated in accordance with 4.2.1(2); 

(b) the force calculated froln the analysis for the seismic design situation, using a value 
of the behaviour factor not greater than q 2. 

(3) Joints in towers should be designed and detailed to meet the relevant 
requirenlents in EN 1998-1 :2004, Section 6 for joints in stlllctural systems of similar 
type and configuration, designed for the sanle basic value of the behaviour factor, qo, as 
the tower. 
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8 SPECIAL RULES FOR GUYED MASTS 

8.1 Scope 

(l)P This section refers to steel masts. 

(2)P Steel masts designed according to this Eurocode shall confOlll1 to the relevant 
parts of EN 1993, including EN 1993-1 1 and EN 1993-3-1, and to the additional rules 
specified in this Section. 

8.2 Special analysis and design requirements 

(1) Design for dissipative behaviour is not allowed in guyed masts. They should be 
designed for low dissipative behaviour with q 1,5. 

(2)P The stress in the guy cables due to the design seisn1ic action shall be lower 
than the preload stress of the cable. 

(3) The elastic restraint provided by the guy cables to the 111ast should be taken into 
account as follows: 

in relatively short masts (up to 30 or 40n1) the guy cables may be considered to act 
as simple tension ties, with stiffness that remains constant as the nlast bends; 

in taller towers the sag of the guy cables is large and should be accounted for 
through a cable stiffness that depends on defornlations in accordance with 4.2.3(2) 
and (3). 

(4) The sagging of guy cables due to the ice load considered in the seisn1ic design 
situation should be taken into account 

(5) For both sagging and straight cables, the horizontal conlponent of the guy cable 
stiffness should be taken equal to: 

(8.1 ) 

in which 

Ac is the cross-section area of the guy cable, 

Ecq is the effective modulus of elasticity of the guy cable (accounting for the sag 
according to 4.2.3(3) and 4.2.3(4), if required in accordance with (3), (4)), 

t is the length of the cable, 

a is the angle of the guy cable with respect to the horizontal. 

(6) If both the sag and the lllass of the guy cable are significant, the possibility of 
impUlsive loading on the 111ast frOlll the cable in the seismic design situation should be 
taken into account. 

8.3 Materials 

(l)P 7.3(l)P appljes. 

(2)P 6.2.1(2)P applies. 
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(3)P 6.2.1 (3)P appJies. 

(4) The requirements in EN 1998-1 :2004, 6.2 apply. 

8.4 Damage limitation state 

(l) 5.5(2) applies. 

(2) A ll1nit on the relative displacements between horizontal stiffening elements, 
C01l1puted in accordance with 4.9(3), should be specified for the particular project for 
the danlage linlitation state, depending on the mast function. 
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ANNEX A (Informative) 
LINEAR DVNAl\IIC ANALYSIS ACC()UNTING F()R ROTA TIONAL 

COMPONENTS OF THE GROUND MOTION 

(1) When the rotational cOlllponents of the ground n10tiol1 during the earthquake are 
taken into account, the seisnlic action n1ay be represented by three elastic response 
spectra for the translational conlponents and three elastic response spectra for the 
rotational cOlllponents. 

(2) The elastic response spectra for the two horizontal translational C0111pOnents (x 
and y axes) and for the vertical cOlllponent (z axis) are those given in EN 1998-1 :2004, 
3.2.2.2 and 3.2.2.3. 

(3) The rotation response spectrum is defined in an analogous way to the response 
spectrum of the translational components, by considering the peak response to the 
rotational l11otion of a rotational single-degree-of- freedon1 oscillator, with natural 
period T and critical danlping ratio ;. 

(4) R8 denotes the ratio between the nlaxinlum 1110lnent in the oscillator spring and 
the rotational 1110lnent of inertia about its axis of rotation. The diagran1 of R(j versus the 
natural period T, for given values of ~, is the rotation response spectl1ll11. 

(5) When results of a specific investigation or of \vell-docUlllented field 
measurements are not available, the rotational response spectra may be deternlined as: 

(A.I) 

(A.2) 

e Rz (T ) = 2,OnSe (T ) / vsT (A.3) 

where: 

Rex, ROy, ROz are the rotation response spectra around the x, y and z axes, in rad/s2
; 

SeCT) is the elastic response spectra for the horizontal cOlnponents at the site, in n1/s2; 

T is the period in seconds. 

Vs is the average S-wave velocity, in mis, of the top 30 m of the ground profile .. 
The value cOlTesponding to low anlplitude vibrations, i.e., to shear deforn1ations 
of the order of 10-6

, ll1ay be used. 

(6) The quantity Vs is directly evaluated by field n1easurenlents, or through the 
laboratory measurelnent of the shear modulus of elasticity G, at low strain, and the soil 
density p, and inverting expression (3.1) in EN 1998-5:2004, 3.2(1): 

Vs =)G/p 

(7) In those cases where Vs is not evaluated by experil11ental 111eaSlirenlents 
according to (6), the value fronl Table A.I nlay be used, representative of the ground 
type of the site: 

37 



EN 1998-6:2005 (E) 

Table A.I: Default f h 't f th f t dard ground types va ues 0 s ear ,,,ave ve OCI cy or e lve s an 

Ground type Shear wave velocity Vs nl/sec 

A 800 

B 580 

C 270 

0 150 

(8) When a translational ground acceleration x (t) is considered along horizontal 

direction x together with a rotation acceleration e(t) in the vertical plane x-z, then, if 

the inertia nlatrix is [A1], the stiffness matrix is [KJ, and the damping Inatrix is [C], the 
equations of 1110tion for the resulting nlldti-degree-of-freedom systenl are given by: 

where: 

f .. t 
t If j 

{ zi } 

{u} 

{m} 

x (I) 

[ J\il] -( ii} + [ C] {zi} + [KJ {u } = - ( {m} x + {m h } e) (AA) 

is the vector cOlnpnsmg the accelerations of the degrees of freedom of the 
structure relative to the base; 

is the vector c0111prising the velocities of the degrees of freedonl of the structure; 

is the vector c01nprising the displacements of the degrees of freedom relative to 
the base; 

is the vector c0111prising the translational masses in the horizontal direction of 
the translational excitation. This vector coincides with the main diagonal of the 
111ass 111atrix [Ad], if the vector {u} includes only the translational displacelnents 
i11 the horizontal direction of the excitation; 

is the translational ground acceleration, represented by Sc; 

e(t) is the rotational acceleration of the base, represented by Re. 

(9) To account for the ternl {m}, the participation factor in the modal analysis of 
nlode k is: 

a kll = -----"--'---'--
{<l>T}[M] {<l>} 

(A.S) 

while, for the ternl {nl h} e , the participation factor is: 

(A.6) 

where: 

{ (jJ} is the k-th 1110dal vector 

{ (/J h} is the vector of the products of the Inodal amplitude (/Yj, at the i-th degree-of
freedonl, and its elevation hi . 
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(10) The effects of the two forcing functions should normally be superimposed in the 
tin1e domain. They are generally not in phase, and accordingly the eflects of the 
rotational ground excitation may be combined with those of the translational excitation 
via the SRSS (square root of the sum of the squares) rule. 
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ANNEX B (Informative) 
MODAL DAMPING IN MODAL RESPONSE SPECTRUM ANALYSIS 

(1) When the design response spectrum is applied, the value of the behaviour factor 
q incorporates energy dissipation in the elastic range of structural response, energy 
dissipation due to soil structure interaction, and energy dissipation due to the hysteretic 
behaviour of the structure. When the elastic spectrum is used in the analysis, the 
danlping ratio (relative to the critical danlping) needs to be explicitly defined. When a 
modal analysis is performed, the danlping factors need be defined for each nl0de of 
vibration. If a nl0de involves essentially a single structural ll1aterial, the damping ratio 
should conform to the dissipation properties of the lnaterial and should be consistent 
with the anlplitude of defOlmation. 

(2) For the nl0st common structural nlaterials, the danlping values given in EN 
1998-2:200S, 4.1.3 nlay be used 

(3) If non-structural elements are considered to contribute to energy dissipation, 
higher values of danlping nlay be aSSl1l11ed. Due to the dependency on the anlplitude of 
defornlation, in general lower bound values of the ratios are suitable for the danlage 
li111itation seis111ic action, while upper bound values of the ratios are suitable for the 
design seis111ic action. These bounds nlay be taken as: 

for ceraIllic cladding: 0,0 lS-O,OS~ 

for brickwork liner: 0,03-0,10; 

for steel liner: 0,01-0,04; 

for fibre reinforced polynler liner: 0,0IS-0,03. 

(3) Representative ranges of the damping ratio for the dashpots nlodelling energy 
dissipation in the soil, are: 

for the horizontal degree offreedol1l (swaying soil compliance): 0,10-0,20 

for the rotational degree of freedonl (rocking soil conlpliance): 0,07-0, IS 

for the vertical degree of freedOln (vertical soil cOlnpliance): O,IS- 0,20 

(4) Low danlping ratios should be assigned to the dashpots of foundations on a 
shallow soil deposit underlain by bedrock or ground of silnilar stiffness. 

(S) In general, for the type of structures addressed by this Eurocode, any mode of 
vibration involves the defof111ation of nlore than one InateriaL In this case, for each 
1110de, an average modal damping based on the elastic defonnation energy stored in that 
1110de is appropriate. 

(7) The fonl1ulation leads to 

where: 

{. = {¢}T[K]{¢} 
. J {¢ } T [1( ] {¢ } 

( j is the equivalent Inodal datnping ratio of the j-th lTIode; 

[K] is the stiffness lTIatrix; 
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[K] is the modified stiffness matrix, with tenns equal to the product of the 
corresponding tenn of the stiffness matrix [K], multiplied by the dan1ping ratio 
appropriate for that element, and 

{ ¢} is the j-th modal vector. 

(8) Other techniques may also be used, if more detailed data on the dan1ping 
characteristics of structural subsystems are available. 

-
(9) It is recommended that the value of (j does not exceed 0,15, unless justified by 

experimental evidence. 
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ANNEX C (Informative) 
SOIL-STRUCTURE INTERAC'IION 

(1) This annex contains infor111ation supplenlentary to that of Infol111ative Annex D 
of EN 1998-5:2004. 

(2) The design earthquake n10tion is defined at the ground surface in free-field 
conditions, i.e. where it is not affected by the inertial forces due to the presence of 
structure. When the structure is founded on soil deposits or soft ground, the resulting 
motion at the base of the structure will differ frOln that at the sanle elevation in the 
free-field, due to the soil deformability. For tall structures, the rocking conlpliance of 
the soil n1ay be illlportant and Inay significantly increase the second order effects. 

(3) The 1110delling methods of soil-structure interaction should take into account: 

(a) the extent of elnbednlent, 

(b) the depth to the possible bedrock, 

( c) the layering of the soi 1 strata, 

(d) the variabil1ty of the soil nloduli in any single stratun1, and 

(e) the strain-dependence of soil properties (shear 1110dulus and danlping). 

(4) assUlnption of horizontal layering may generally be considered to apply. 

(5) Unless the soil investigation suggests a suitable range of variability for the 
dynanlic soil moduli, an upper bound of the soil stiffness lllay be obtained by 
n1ultiplying the entire set of the best estilllates of the nl0duli by 2, and a lower bound by 
nlultiplying the entire set by 0,5. 

(6) Being strain-dependent, dalnping and shear 1110duli for each soil layer should be 
consistent with the effective shear strain intensity expected during seisnlic action 
considered. An equivalent linear nlethod is acceptable. In this case the analysis should 
be perfonned iteratively. In each iteration the analysis is linear, but the soil properties 
are adjusted fron1 iteration to iteration until the calculated strains are conlpatible with 
the soil properties used in the analysis. The iterative procedure may be perfonned for 
the free-field soil deposit, disregarding the presence of the structure. 

(7) The effective shear strain amplitudes in anyone layer, to be used to evaluate the 
dynatnic nloduli and datnping in equivalent linear 111ethods, 11lay be taken as 

Yell = 0,65 ~nax,t 

where ~11ax.t is the 111axi111um value of the 
field during the seislnic action considered. 

(C.l) 

defonl1ation in the soil layer in the free-

(8) If the finite elelnents 1110delling nlethod for is used for the soil, the criteria for 
detern1ining the location of the bottom boundary and the side boundary of the region 
Illodel1ed should be justified. In genera], the forcing functions to sinluJate the 
earthquake motion are applied at these boundaries. In such cases, it is required to 

an excitation systenl acting at boundaries such that the response motion of the 
solI n1edia at the surface field is identical to the ground 1110tion due to the seislnic 
action considered. The procedures and theories for generation of such excitation systelll 
should be presented. 
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(9) If the half-space (lumped parmneters) modelling method is used, the paran1eters 
used in the analysis for the soil deformability should account for the layering. The 
variability of soil moduli, and strain-dependent properties should also be taken into 
account. 

(10) Any other lTIodelling methods used for soil-structure interaction analysis should 
be clearly explained. 

(11) The decision not to take into account soil-structure interaction in the analysis 
should be justified. 
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ANNEX D (Informative) 
NUMBER OF DEGREES OF FREEDOM AND OF MODES OF VIBRATION 

(1) A dynan1ic analysis (e.g. response spectrum or tilne-history method) is used 
when the use of the lateral force lnethod is not considered justified. 

(2) The analysis should: 

take into account the rocking and translation response of the foundation; 

include a sufficient nunlber of nlasses and of freedon1, to deternline the 
response of any structural elelnent and plant equipnlent; 

include a sufficient number of modes to ensure participation of all significant 
modes; 

provide the Inaxinlun1 re1ative displacelnent between supports of equipn1ent or 
machinery (for a chimney, the interaction between internal and external tubes); 

take into account significant effects, such as piping interactions, externally applied 
structural restraints, hydrodynalnic loads (both n1ass and stiffness effects) and 
possible nonlinear behaviour; 

provide "floor response spectra", when the structure supports inlportant light 
equipn1ent or appendices. 

(3) The effective Inodalnlass, M, in lllode i, mentioned in 4.3.3.2(2), is defined as: 

{¢} T[A1] {i} ¢} T[A1] {¢} (D.!) 

where: 

{ ¢} is the ;-th modal vector; 

{i} is a colu111n vector, with telIDS equal to I or 0, which represents the displacen1ent 
induced in the associated degree of fi-eedon1 when its base is subjected to a unit 
displacement in the direction of the seisn1ic action cOlnponent considered. 

(4) The criterion indicated in 4.3.3.2(2) does not ensure the adequacy of the nlass 
discretisation if light equiplnent or a structural appendix is concerned. In that case the 
above condition n1ight be fulfilled, but the lllathell1atical model of the structure could be 
inadequate to describe the response of the equipment or appendix. When the analysis of 
the equiplnent or appendix is necessary, a "floor response spectrum", applicable for the 
floor elevation where the equipn1ent/appendix is supported, should be developed. This 
approach is also recolnlnended when a portion of the structure needs to be analysed 
independently, for instance, an internal nlasonry flue of a chinlney, supported on 
individual brackets of the structural shell. 
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(1) A n1asonry chimney is a chin1ney constructed of 111aso11ry units and 11101'tar, 
hereinafter to as l11aso11ry.Masonry chin1neys should be constructed, anchored, 
supported and reinforced as required in this Annex. 

E.2 Footings and foundations 

(l) Foundations for l11aso11ry chimneys should be constructed of concrete or solid 
n1asonry at least 300 111111 thick and should extend at least 150 n1nl beyond the face of 
the chimney or support wall on all sides. Footings should be founded on natural 
undisturbed ground or engineered fill below frost depth. In areas not subjected to 
freezing, footings should be at least 300 111m below the ground surface. 

E.3 Behaviour factor 

(1) The behaviour factor q should be taken as equal to corresponding to low 
dissipative behaviour. 

E.4 Minimum vertical reinforcement 

(1 ) For chinlneys \vith a horizontal dinlension up to I nl, a total of four 12 111111 
diameter continuous vertical bars anchored in the foundation should be placed in 
concrete between leaves of solid masonry or placed and grouted within the cells of 
hollow 111aso11ry units. Grout should be prevented fronl bonding with the flue liner, to 
avoid restricting its thermal expansion. For chil11neys with a horizontal dinlension 
greater than I nl, two additional 12 111m diameter continuous vertical bars should be 
provided for each additionallnetre in horizontal dinlension or fraction thereof. 

E.S Minimum horizontal reinforcement 

(1) Vertical reinforcelllent should be enclosed within 6n1111 diameter ties, or other 
reinforcenlent of equivalent cross-sectional area, at a spacing of not n10re than 400 n1m. 

E.6 Minimum seismic anchorage 

(1) A l11asonry chimney passing through the floors and roof of a building should be 
anchored at each level of floor or roof which is more than 2 m above the ground, except 
where constructed completely within the exterior walls. Two 5 mm by 25 n1n1 steel 
straps should be embedded into the chimney over a l11inimUlll length of 300 111n1. Straps 
should be anchored by hooks arou11d the outer bars, and should extend by 150 n1m 
beyond the bent at the hook. Each strap should be fastened to a ll1inin1ull1 of four floor 
joists with two 12 n1111 bolts. 

E.7 Cantilevering 

(1) A masonry chin1ney should not project as a corbel frOID a wall or foundation by 
more than half of the chil11ney wall thickness. A IDasonry chimney should not project as 
a corbel from a wall or foundation that is less than 300 111111 in thickness unless it 
projects equally 011 each side of the wall. As an exception, at the second storey of two
storey buildings, corbelling of chin1neys outside the exterior walls n1ay be equal to the 
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wall thickness. The projection of a single course should not exceed one-half of the 
height of the masonry unit, or one-third of its bed depth, whichever is less. 

E.8 Changes in dimension 

(1) The chin1ney wall or chimney flue liner should not change in or shape 
within 150 n1m above or below the level where the chimney passes through a floor or a 
roof, or their conlponents. 

E.9 Offsets 

(I) Where a masonry chimney is constructed with a fireclay flue 1iner surrounded 
by one leaf of n1asonry, the n1axiluum offset should be such that the centreline of the 
flue above the offset does not extend beyond the centre of the chimney wall below the 
offset. Where the chimney offset is supported by masonry below the offset in a n1anner 
for which the chinlney has been designed, the nlaximu1l1 offset limitations do not apply. 

E.10 Additional vertical loads 

(1) Chiluneys should not support vertical loads in addition to their own weight 
unless they are designed for thenl. Masonry chiluneys luay be constructed as part of the 
nlasonry wal1s or concrete walls of the building. 

E.11 Wall thickness 

(1) Masonry chiIuney walls should be constructed of solid masonry units, or hollow 
nlasonry units grouted solid with not less than 100 mm nominal thickness. 
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(1) The design of structures for electrical power translnission and distribution, and 
of substation wire supports is typically controlled by wind loads, often con1bined with 
ice loads or by unbalanced longitudinal wire loads. The seisn1ic design situation 
generally does not control their design, except when it includes high ice loads. 
Earthquake perfonllance of these structures has delnonstrated that seisnlic loads can be 
resisted based on traditional electrical transn1ission, substation and distribution wire 
support structure loading. Heavy equipn1ent, such as transfonners in distribution 
structures, n1ay result in significant SeiS111ic loadings and distress. 

(2) Earthquake datnage to electrical transmission, substation wire support or 
distribution structures is often due to large displacements of the foundations due to 
landslides, ground failure or liquefaction. Such occurrences normally lead to local 
structural failure or damage, without complete loss of the integrity and the function of 
the structure. 

(3) The fundamental frequency of these types of structure typically ranges fron1 0.5 
Hz to 6 Hz. Single-pole types of structure have fundamental mode frequencies in the 0.5 
Hz to 1.5 Hz range. H-frame structures have fundamental n10de frequencies in the 1 Hz 
to 3 ranges, with the lower frequencies in the direction non11a] to the plane of the 
structure and the higher ones in-plane. Four-legged lattice structures have fundamental 
1110de frequencies in the 2 Hz to 6 Hz range. Lattice tangent structures typically have 
lower frequencies in this range; angle and dead end structures have higher frequencies 
in the range. These frequency ranges can be used to detenlline whether earthquake 
loading is likely to control the structural design of the tower. If it is, then a nlore 
detailed evaluation of the struclure vibration frequencies and nl0de shapes should be 
perfonned. 
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