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EN1998-1: General
rules, seismic actions
and rules for buildings

EN1998-1 to be applied Iin
combination with other
Eurocodes

EUROPEAN STANDARD EN 1998-1
NORME EUROPEENNE
EUROPAISCHE NORM December 2004

105 91 120 25 Supersedes ENY 1996-1-1-1994, ENV 1998-1-7 15994,
ENY 1998-1-3:1980

English version

Eurocode 8: Design of structures for earthquake resistance -
Part 1: General rules, seismic actions and rules for buildings

Eurceode B. Caleul des sluclures pour lew (ésislance aux Eurccode 8. Auslegung von Bauwerken gegen Erdbeben -
séizmas - Parlia 1" R&gles généralas, aclions sismiques at Teail 1" Grundlagen, Frdbabensinwirkungen und Regeln fir
regles pour les balimenls Hochbeulen

Ttz Europesn Slandard was approved by CEM on 23 Aprd 2004

CEMN members are bound o comply wilh Ihe CEMCENELEC Internal Heguiabons which shpulsle he condibons o grang tes European
Standard the stabus of a national standard without any ateration. Up-to-date lists and bibhographical reforences conceming such national
slandards may be cblaned on sppiicalion Lo e Cenlral Secrelanal or Lo any CEN member.

Ttes Eurcpean Slandard exasls in hree olhosl versions (Engish, French, Germen). A version in eny olher languege made by ranslabon
under the responsibility of @ CEN mamber indo its own language and notified to the Cenlral Secretarial has the same status as the official
VEISIONS.

CEM members are the nabonal slandaids bodes of Austna, Belgum, Cyprus, Ceech Republc, Denmark, Estoria, Finfand, France,
Germany, Gresce, Hungary, kesland, Ineland, taly, Labia, Lithuania, Luxembourg, Malla, Netherlands, Nonway, Poland, Partugal, Slovakia,
Soveris, Span, Sweden, Swilzerland end Uniled Kingdom

BURGCPEAN COMMITTEE FOR ETAMNDARDEATION
COM EURCEEEN DE NOBMALISATION
EURCPAISCHES KOMITEE FUR HORMUNG

Management Centre: rue de Stassarl, 36 B-1050 Brusscls

@2004 CEN Al nghts of explaitation in amy form and by any means reserved Raf No. EN 1958-1:2004' E
worldwide for CEN nalional Members.
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EN1998-1: General rules, seismic actions and rules
for buildings
e General

 Performance requirements and compliance criteria
« Ground conditions and seismic action

 Design of buildings

 Specific rules for:

Concrete buildings
Steel buildings
Composite Steel-Concrete buildings
Timber buildings
Masonry buildings
« Base isolation
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Objectives

In the event of earthquakes:

Human lives are protected
Damage is limited

Structures important for civil protection
remain operational

Special structures — Nuclear Power Plants, Offshore
structures, Large Dams — outside the scope of EN 1998
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Fundamental requirements

No-collapse requirement:

Withstand the design seismic action without
ocal or global collapse

Retain structural integrity and residual load
pearing capacity after the event

For ordinary structures this requirement should be met for a

reference seismic action with 10 % probability of ;
exceedance in 50 years (recommended value) i.e. with 475

years Return Period
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Fundamental requirements

Damage limitation requirement:
Withstand a more frequent seismic action
without damage
Avoid limitations of use with high costs

For ordinary structures this requirement should be met for a
seismic action with 10 % probability of exceedance in 10
years (recommended value) i.e. with 95 years Return Perlod
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Reliability differentiation

Target reliability of requirement depending on
consequences of failure

Classify the structures into importance
classes

Assign a higher or lower return period to
the design seismic action

In operational terms multiply the reference seismic action by
the importance factor y|
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Importance classes for buildings
EN 1998-1:2004 (E)

Table 4.3 Importance classes for buildings

Importance | Buildings

class

| Buildings of minor importance for public safety, e.g. agricultural
buildings, etc.

I1 Ordinary buildings, not belonging in the other categories.

111 Buildings whose seismic resistance is of importance in view of the
consequences associated with a collapse, ¢.g. schools, assembly halls,
cultural institutions etc.

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

NOTE Importance classes I, II and III or IV correspond roughly to consequences classes CCl1,
CC2 and CC3, respectively, defined in EN 1990:2002, Annex B.

Importance factors for buildings (recommended values):
y1=0,8;1,0;1,2and 1,4

Workshop - 27-29 November 2006, Varese, Italy
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Fundamental requirements

Compliance criteria (design verifications):

Ultimate limit state
Resistance and Energy dissipation capacity

Ductility classes and Behaviour factor values
Overturning and sliding stability check
Resistance of foundation elements and soill
Second order effects
Non detrimental effect of non structural elementsg

Simplified checks for low seismicity cases (ag < 0,08 g) :
No application of EN 1998 for very low seismicity cases (ag < 0,04 g)
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Fundamental requirements

Compliance criteria (design verifications):

Damage limitation state

Deformation limits (Maximum interstorey drift
due to the “frequent” earthquake):

* 0,5 9% for brittle non structural elements attached to the structure
* 0,75 % for ductile non structural elements attached to the structure

* 1,0 % for non structural elements not interfering with the structure

Sufficient stiffness of the structure for the
operationality of vital services and equipment

DLS may control the design in many cases
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Fundamental requirements
Compliance criteria (design verifications):

Specific measures

Simple and regular forms (plan and elevation)

Control the hierarchy of resistances and
sequence of fallure modes (capacity design)

Avoid brittle failures

Control the behaviour of critical regions (detailing)é

Use adequate structural model (soil deformability
and non strutural elements if appropriate) '

In zones of high seismicity formal Quality Plan for Design,
Construction and Use is recommended
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Ground conditions

Five ground types:
A - Rock
B - Very dense sand or gravel or very stiff clay
C - Dense sand or gravel or stiff clay

D - Loose to medium cohesionless soill or soft
to firm cohesive soill

E - Surface alluvium layer C or D, 5to 20 m
thick, over a much stiffer material

2 special ground types Si1 and Sz requiring special studies

Ground conditions defined by shear wave velocities in the top 30
m and also by indicative values for Nspt and cy :
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Ground | Description of stratigraphic profile Parameters
type
Vs3o (M/s) | Nspr cu (kPa)
ro u n (blows/30cm)
A Rock or other rock-like geological > 800 _ _

C O n d | tl O n S formation, including at most 5 m of

weaker material at the surface.

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

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

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

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

S; Deposits consisting, or containing a <100 10 - 20
layer at least 10 m thick, of soft
clays/silts with a high plasticity index
(P1 > 40) and high water content

(indicative)

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

Workshop - 27-29 November 2006, Varese, Italy
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Seismic zonation

Competence of National Authorities

Described by agr (reference peak ground
acceleration on type A ground)

Corresponds to the reference return period Tncr

Modified by the Importance Factor y, to
become the design ground acceleration (on

type A ground) ag = agr .71

Obijective for the future updating of EN1998-1.
European zonation map with spectral values for different
hazard levels (e.g. 100, 500 and 2.500 years)
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Basic representation of the seismic action

Elastic response spectrum
Common shape for the ULS and DLS verifications

2 orthogonal independent horizontal components

Vertical spectrum shape different from the
horizontal spectrum (common for all ground types)

Possible use of more than one spectral shape (to
model different seismo-genetic mechanisms)

Account of topographical effects (EN 1998-5) and spatial
variation of motion (EN1998-2) required in some special cases
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Definition of the horizo
(four b

ntal elastic response spectrum
ranches)

0<T<Ts Se(T)=ay.S. (1+T/Ts. (n.2,5-1))
Te<T<Tc Se(T)=ay.S.7.25
--CS--STD Se(--):ag.s.ﬂ.2,5 (TC/T)
To<T<4s Se(TY=ay.S.7n.25(Tc. Tp/T?2)
Se(T) elastic response spectrum
g design ground acceleration on type A ground
Te Tc Tp  corner periods in the spectrum (NDPs)
S soil factor (NDP)
n damping correction factor (n = 1 for 5% damping)

Additional information for T > 4 s in Informative Annex
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Normalised elastic response spectrum (standard shape)
Control variables SJa,

S, Tg, Tc, To (NDPSs)
17 (= 0,55) damping
correction for -5 %

2,551 [

Fixed variables

* Constant acceleration, :
velocity & displacement > |
spectral branches

e acceleration spectral
amplification: 2,5

Different spectral shape for vertical spectrum (spectral

amplification: 3,0)
. Workshop -27-29 November 2006, Verese, faly |
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Elastic response spectrum

Two types of (recommended) spectral shapes

Depending on the characteristics of the most
significant earthquake contributing to the local
hazard:

Type 1 - High and moderate seismicity regions
(Ms>5,5)

Type 2 - Low seismicity regions (Ms< 5,5);
near field earthquakes

Optional account of deep geology effects (NDP) for the definition
of the seismic action
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Recommended elastic response spectra

SJ/a,.S
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Design spectrum for elastic response analysis
(derived from the elastic spectrum)

0<T<Ts Sa(T)=ay.S.(2/3+T/Ts . (2,5/q -2/3))
TB<T<Tc Sd(T)=ay.S.25/q
Tc<T<LTp Sa(T)=ay.S.25/q.(Tc/T)
> . ag
Tb<T<4s S4(T)=ay.S.25/q.(Tc.Tp/T?2)

> . aq
Sda(T) design spectrum
g behaviour factor
B lower bound factor (NDP recommended value: 0,2)

Specific rules for vertical action:
avg=09.a40ray=045.ay; S=1,0; q<1,5
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Alternative representations of the seismic action

Time history representation (essentially for NL analysis
purposes)

Three simultaneously acting accelerograms
o Artificial accelerograms
Match the elastic response spectrum for 5% damping

Duration compatible with Magnitude (Ts> 10 s)
Minimum number of accelerograms: 3

« Recorded or simulated accelerograms
Scaled to ag . S

Match the elastic response spectrum for 5% damping




