Zeitschrift: IABSE reports = Rapports AIPC = IVBH Berichte
Band: 65 (1992)

Rubrik: Eurocode 8: Structures in seismic zones

Nutzungsbedingungen

Die ETH-Bibliothek ist die Anbieterin der digitalisierten Zeitschriften auf E-Periodica. Sie besitzt keine
Urheberrechte an den Zeitschriften und ist nicht verantwortlich fur deren Inhalte. Die Rechte liegen in
der Regel bei den Herausgebern beziehungsweise den externen Rechteinhabern. Das Veroffentlichen
von Bildern in Print- und Online-Publikationen sowie auf Social Media-Kanalen oder Webseiten ist nur
mit vorheriger Genehmigung der Rechteinhaber erlaubt. Mehr erfahren

Conditions d'utilisation

L'ETH Library est le fournisseur des revues numérisées. Elle ne détient aucun droit d'auteur sur les
revues et n'est pas responsable de leur contenu. En regle générale, les droits sont détenus par les
éditeurs ou les détenteurs de droits externes. La reproduction d'images dans des publications
imprimées ou en ligne ainsi que sur des canaux de médias sociaux ou des sites web n'est autorisée
gu'avec l'accord préalable des détenteurs des droits. En savoir plus

Terms of use

The ETH Library is the provider of the digitised journals. It does not own any copyrights to the journals
and is not responsible for their content. The rights usually lie with the publishers or the external rights
holders. Publishing images in print and online publications, as well as on social media channels or
websites, is only permitted with the prior consent of the rights holders. Find out more

Download PDF: 24.10.2025

ETH-Bibliothek Zurich, E-Periodica, https://www.e-periodica.ch


https://www.e-periodica.ch/digbib/terms?lang=de
https://www.e-periodica.ch/digbib/terms?lang=fr
https://www.e-periodica.ch/digbib/terms?lang=en

A 291

EC 8: Eurocode Approach to Seismic Design
EC 8: Un Eurocode pour le projet de structures résistant aux séismes

EC 8: Der Eurocode-Ansatz fir die Erdbebenbemessung
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SUMMARY

After a general presentation of the organisation of the Eurocode 8, which will cover all the
common types of civil engineering works, the philosophy of seismic design adopted by EC8
is outlined, with specific reference to reinfarced concrete buildings. The essence lies in endow-
ing the structure with a global ductile behaviour, as a result of a careful dimensioning of the
single elements and of a structural concept such that an element’s ductility is properly
exploited.

RESUME

Aprés une présentation générale de I'organisation de I’Eurocode 8, qui couvre tous les types
courants de constructions, I'approche adoptée par I'Eurocode 8 est décrite en particulier pour
le projet de batiments en béton armé résistant aux seéismes. Le principe essentiel consiste en
la réalisation de structures possédant un comportement global ductile, ce qui ressort d’un
dimensionnement approprié des éléments structuraux, ainsi que d'une conception structurale
d’ensemble qui permet une exploitation diffusée des ductilités individuelles.

ZUSAMMENFASSUNG

Eingangs wird der generelle Aufbau von EC8 vorgestellt, der nach seiner Fertigstellung alle
gangigen Ingenieurbauwerke behandeln wird. Die Philosophie der erdbebensicheren Bemes-
sungen wird am Beispiel von Stahlbetongebauden illustriert. Der Kerngedanke ist, eine globale
Tragwerkszahigkeit zu erreichen, als Resuitat sowohl einer sorgfaltigen Durchgestaltung der
einzelnen Tragelemente als auch eines Gesamtkonzepts, das die Zahigkeit der Einzelelemente
richtig ausnutzt.
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1. INTRODUCTION

The Eurocode N.8 will consist in its final form of a set of six
normative documents, covering the field of the more common engi-
neering works in the following order:

Part 1 - General and Buildings

Part 2 - Bridges

Part 3 - Towers, Masts and Chimneys

Part 4 - Tanks, Silos and Pipelines

Part 5 - Foundations, Retaining Structures and
Geotechnical Aspects

Part 6 (Appendix) - Prefabricated Structures

More specifically, Part 1: General, describes the principles of
seismic design proper to EC8 which are meant to be applicable to
all types of structures. These essentially include: a) the speci-
fication for the seismic case of the two Limit-States of Service-
ability and of Collapse, b) the physical model adopted to describe
the seismic motion, c¢) the adaptation required to convert it into
a design action (most notable the notion of force-reduction factor
(called behaviour factor), d) the admissible methods of analysis
for determining the earthquake effects, e) the combination of the
seismic action with the other permanent and variable actions to be
used for the safety verification.

The remainder of Part 1 is devoted to buildings, and contains one
material-independent chapter which specializes to buildings the
admissible methods of analysis, the combination factors for vari-
able loads and the format of the safety verifications, followed by
seven chapters covering: Concrete Structures, Steel Structures,
Composite Structures, Timber Structures, Masonry Structures, Mixed
Structures, Elements and Appendages.

The last chapter on Strengthening and Repair is presently (June
1992) at the stage of a first draft and its final revision is due
by the end of 1993.

Of the six documents of EC8, only Part 1 (without Strengthening
and Repair) has been published (by the end of 1988) and distrib-
uted within CEE and EFTA countries. The enquiry phase, which
lasted until mid 1991, brought a large amount of comments, which
have been already processed by the competent panel and are in the
course of being introduced in a new draft. Although the form of
presentation will undergo noticeable modifications, the substance
of the document will remain essentially unchanged.

Part 2 (Bridges) and Part 5 (Foundations) have also been already
diffused in a draft stage among CEE and EFTA member countries, so
that by this time a number of engineers of these countries should
have a certain familiarity with then.

All the six Parts of EC8 will be finished by the end of 1993 and
subsequently published as Pre-European Norms (ENV).

Considering the state of progress described in the above, this
presentation will focus on Part 1: Buildings, only. Also, for rea-
sons of space, Reinforced Concrete Buildings only will be treated.
Even with these restrictions, the presentation does not aim at
providing a too much detailed account of the various procedures
and rules, but rather at ensuring a global vision of the approach
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adopted 1in EC8 to fulfill the stated objectives of protection
against the earthquake hazard.

2. SEISMIC ZONATION. MODEL OF SEISMIC MOTION

In order for EC8 to be applicable, national territories must be
subdivided into seismic zones, and for each zone the values of one
intensity parameter characterized by chosen probabilities of ex-
ceedance must be given.

The zonation parameter in EC8 has the dimensions of an accelera-
tion, and is meant to be used as the scaling factor of either a
normalized response spectrum or of a unit peak time history repre-
sentation of the motion.

Therefore this parameter has to be understood as an "effective"
peak ground acceleration, not necessarily coincident with the ac-
tual peak (typical is the case of near field shocks, characterized
by short duration and by few single-frequency pulses, for which
the "effective" PGA is much lower than the actual one, due to the
smaller damaging potential of this excitation, as compared with
that of one of long duration and wide-band spectrum).

In line with the prevailing tendency within modern seismic regula-
tions, EC8 does not present the user immediately with the design
action, but derives this last from an (idealized) physical model
of the phenomenon. This has the advantage of allowing to check the
suitability of the underlying model to the characteristics of the
various regions of applicability of the code, and gives also a
better understanding of, and a greater flexibility in the modifi-
cations required for adapting the model to local situations, and
for transforming it into a design action.

The reference model adopted in EC8 for the definition of one com-
ponent of the earthquake motion is represented by an elastic re-
sponse spectrum. This point-like definition of the motion is ade-
quate for all but the extended-in-plan structures, such as
bridges, pipelines; and unusually large buildings.

In EC8, the motion at a point is described in the most general
terms by three translational and three rotational components, as-
sumed to be independent from each other.

Rotational components are only considered for tall structures,
such as towers and bridge piers: they will be briefly mentioned
later on, together with the model for the spatial motion.

2.1 Normalized elastic response spectrum

The shape of the elastic response spectrum normalized to unit peak
effective acceleration is shown in fig.l1l. The spectrum is meant
for a damping factor of 5% and the ordinates are assumed to have a

probability of exceedance of 0,20+0,30. With the further indica-
tion of an "effective" duration, the definition of the motion in
terms of an elastic response spectrum is entirely equivalent to
one in terms of a pseudo-stationary random process characterized
by a power density spectrum univocally related tc the given re-
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sponse spectrum and, consequently, to the samples of the random
process that can be generated from it.

The use of the equivalent representation in terms of compatible
power density spectrum and of artificially generated accelerograms
is explicitly allowed in ECS8.
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Fig.1l General shape of the normalized elastic response spectrum

The spectrum in fig. 1 is defined by the four parameters: 8,, T,,
T, and k, where f; is the spectral amplification in the constant
acceleration branch, which is limited by the two corner periods T,
and T,. The values of T; and T,, (as well as 3 and k) are left for
decision to each National BAuthority, since they depend on the
range of magnitudes of interest and on the distance from the domi-
nating sources to the site. f; depends on the expected frequency
content and duration of the motion, while for not-too-distant and
moderate-to-large magnitudes the value of k is normally comprised
between 0,9 and 1,0,

The four parameters model of fig.1l is flexible enough to describe
a variety of possible local conditions in the high-to-medium fre-
quency range. For periods longer than about 5 secs the hyperbolic
shape becomes inadequate, since it corresponds to an indefinitely
constant pseudo-velocity spectrum and to a 1linearly increasing
displacement spectrum.

It is stated in EC8 that when long periods are of interest the
spectrum may be modified in that range based on documented assump-
tions. One simple possibility consists in making use of the peak
soil displacement: d, which is also given in the code in the form:

d=ad0

where a is the peak soil acceleration (in percent of gravity) dg a
factor which depends on site soil conditions (for rock or stiff
soil the suggested value is dg = 60 cm).

Assuming a response amplification factor for d (which for stiff
soil is in the order of 1,5), the spectrum could then be modified
by introducing a constant displacement branch, which would start
at the value of the period for which the original and the modified
spectral displacements coincide.

2.2 site - dependent elastic response spectra

Local soil conditions are known to influence the vibration charac-
teristics of the earthquake at the surface. This effect is ac-
counted for in EC8 by modified shapes of the response spectra as a
function of the soil profile.
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Although additions and/or modifications are allowed in order to
meet specific situations, EC8 considers in general three soil pro-
files:

Soil profile A: Rock or stiff soils
Soil profile B: Medium soils

Soil profile C: Loose granular soils or clays with reduced
stiffness

The corresponding response spectra are obtained from the basic
definition for the rock situation with appropriately changed pa-
rameters (Bgp; T;; T, and k) further multiplied by an additional
soil parameter S.

This soil parameter, whose values are suggested in the Commentary
(along with the other shaping parameters), is intended to cover
the influence that the type of so0il may have on the peak ground
acceleration. In fact it has been found that, keeping all other
relevant variables constant, the peak acceleration in large inten-
sity earthquakes tends to be smaller in soft soils due to their
response in the nonlinear range under strong intensity vibrations.
The value suggested for S in soil profile C is 0,8.

In Fig. 2 the normalized elastic site dependent response spectra
for the three soil profiles are depicted in accordance with the
values of the shaping parameters suggested in the Commentary to
the EC8 text.

3
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- } Soil Profile B
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Fig.2 Normalized site dependent response spectra

2.3 Design Spectra

For most of the structures that EC8 is intended to cover the de-
sign is made by deliberately exploiting, to various extents, the
capability of energy dissipation that intervenes after the elastic
threshold of the materials is exceeded.

To this purpose the design forces are reduced with respect to
those obtained considering the response as elastic, of an amount
which depends on the ductility that each particular structure can
offer and the designer is willing to use.

Inelastic response spectra for given ductility factors can be de-
rived rigorously for single d.o.f. oscillators having specific re-
storing force characteristics: this approach is actually retained
in some seismic codes.
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Similarly to other recent codes however, EC8 prefers a simpler
(and perhaps more realistic) approach: the design spectrum is ob-
tained from the elastic one having the selected return period by
dividing its ordinates by a factor accounting for the energy dis-
sipation capacity of the whole structure. In EC8 this factor is
taken as constant for all the periods, except in the range from
T=0 to T=T,. Since it is known that the ductility demand (for the
same strength) increases with decreasing periods in the low peri-
ods range, the solution adopted is to make the reduction factor
decreasing linearly from its actual value at T=T; to the value of
unity for T=0.

The only further modification suggested in EC8 for deriving the
design spectrum from the elastic one is the change of the exponent
for the descending branch. Instead of k=1, it is suggested to as-
sume k=2/3: it is essentially for pragmatical reasons, in order to
avoid too low design forces in the long periods range. Also, a
lower ceiling to the design forces is introduced, equal to (0,20)a
(the factor 0,20 is at the discretion of the National Authori-
ties).

As one example, in fig.3 various design spectra for different val-
ues of the behaviour factors (g) are shown, using the values of
the shaping parameters suggested by the code for a soil type B.

0.4 a = 015
¢ =61%
Soil type B

o
o

1
1 {constant velocity)

Min: 0.20 «

DESIGN SPECTRA
o o
- e

J || ! ! ! L~ ] j
05 10 15 20 25 3.0 35 4.0
PERICD (T}
Fig.3 Design Spectra for different behavicur factors g

2.4 Wave propagation effects

When the propagating nature of the seismic disturbances is taken
into account, the definition of the motion at points lying on the
soil surface should consider two additional aspects:

- the presence of rotational components about the horizontal and
vertical axis;

- the variability of the motion from point to point.

Quantification of both effects requires knowledge of the relative
contributions of the different types of body (P,S) and surface
(R,L) waves to the total motion, together with their respective
frequency-dependent and dissipative characteristics.

This decomposition, which varies with the distance from the
source, is hardly feasible in practical situations, so that re-
course to highly simplified conservative models is unavoidable.

For the rotational effects, a simple kinematic model where the en-
tire motion is attributed to a single type of wave, gives for the
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angular acceleration response and power density spectra the ex-
pressions:

R} (T) = v; Ri(T)/(c T) i=x,vy, z

s? (w) = 8; S;(w) w?/c

where v;, d; are factors, c is the wave velocity, and R;(T) and S;
are the corresponding spectra for the translational components.
The previous expressions are given in EC8 Part2, with the indica-
tion that their use is only warranted for special soil conditions
(low values of c), to be specified by National Authorities.

The spatial variability is more difficult to model realistically,
since the main contribution to it usually not provided by the
phase lag but from the complex phenomena arising from the presence
of geological inhomogeneities and discontinuities.

EC8 Part 2 gives in the Appendix a simple stochastic model based
on wave propagation/attenuation, according to which the power den-
sity functions at stations a and b situated at a distance d are:

Sho (@) = 1,1, S22 (@) P,q =X, ¥, 2

Sg‘;‘l(w) = r,exp(—iwd / ¢c)Si; (©)

where r; measures the energy dissipation between a and b due to
radiation and frictional effects, for the ith direction of motion.
It is stated in EC8 that a model of this type should only be
needed for cases of geological discontinuities or marked topog-
raphical features.

3. THE SAFETY FORMAT OF EC8

It is well recognized that designing for earthquake actions is
more challenging than for other types of loadings, one of the ma-
jor reasons being the wider amount of uncertainties presiding over
almost all steps of the analysis. This fact makes the reliability
conferred to a structure through the design process sensitive to
possible inadequacies in the assumptions and in the procedures all
along the process; it is therefore important to point out at least
the more significant of the design steps to which a certain con-
tribution to the overall reliability is allocated and to discuss
their relative importance.

The ensemble of the measures taken to achieve the required per-
formance is termed the "Safety Format" of a Code: the one proper
to EC8 is now outlined in schematic sequential form.

1) The selection of the acceptable annual probabilities of exceed-
ance (i.e. of their average return periods) of the seismic events
to be considered for the design, with respect to the two L.S.'s of
damage and of collapse.
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This is obviously a major factor for the quantification of the
global safety (for brevity we will concentrate in the following on
the L.S. of collapse).

It might be worth recalling that the definition of the RP of the
seismic event for the collapse L.S. is only one component contrib-
uting to the RP of the collapse event itself, the difference being
due to the compounding of all the further uncertainties. These un-
certainties are such that given the design event there is still a
not negligible (and accepted) probability that a code-designed
structure may actually collapse.

2) The selection of the value of the behaviour factor q.

The importance of this step becomes obvious if one considers that
the value of g may range from 1 to 5 or more, and that it combines
directly with the elastic spectrum of step 1 to yield the design
action.

After the combination, an error of, say, +50% in the value of q is
indistinguishable from a variation of +50% of the elastic spectrum
and consequently in a substantial variation of its RP. This
amounts to say that the choice of g is exactly as critical as se-
lection of the RP of the design seismic event.

Considering for example the case of R.C. buildings, the g values
are given in EC8 as functions of the following factors:
- structural typology (there are three structural types)};

- degree of reqularity (there are two regularity types);
- level of structural ductility(there are three ductility levels).

There are in total 3x2x3=18 possible combinations of the above
factors in EC8 Partl, and a corresponding number of g values, not
all of them different. The values are supposed to be calibrated to
give the same amount of protection to the population of buildings
falling in the various combinations.

The most difficult and still open problem here lies in a rational
quantitative definition of structural reqularity. The common un-
derstanding of this attribute is the ability of a building to vi-
brate inelastically with a ductility demand spread almost uni-
formly among the chosen dissipative elements, and with a vibra-
tional shape not departing substantially from the elastic one,
and also predictable by using simplified models and methods.

Until now, it has not been possible to relate with sufficient ra-
tional support the features of the response described above to the
morphological and mechanical (i.e., strength, stiffness and mass
distribution) characteristics of the structure.

The rules presently contained in EC8 are under revision: the per-
ception is that if the structure is analyzed dynamically and with
a full three-dimensional model (which is now affordable by profes-
sionals involved in seismic design) the essence of the response is
captured, and only few additional penalties should be provided to
account for post-elastic behaviour, mainly in the cases of pro-
nounced vertical discontinuities in strength and for very abnormal
distributions of the resisting elements in plan.

Research is going on to devise synthetic indicators for these two
situations and to arrive at quantitative relations between them
and the values of (.
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Structural ductility is obviously the major factor influencing the
value of g. This qua. "vy comes as the result of a combination of a
number of factors: the presence in the structure of inherently
ductile structural elements, the arrangement of these elements in
a way that their dissipative capacity can actually be exploited
during the dynamic response, the proportioning of the non-dissipa-
tive elements such that they remain essentially undamaged, to per-
mit the dissipative ones to perform as expected.

Table I: Basic behaviour factors g for T>T,

Structural Ductility Regularity class
system Class
Rh Rm
L 2.0 1.5
Frame M 3.0 2.5
H 5.0 4.0
L 2.0 1.5
Coupled M 3.0 2.5
RaCs e e e R e e e e e e
H 4.5 4.0
WAllE e e e e e e R e S e S i e
L 1.5 1.0
Uncoupled M 2.5 2.0
H 3.5 3.0
L 1.5 1.0
Core structures M 2.0 1.5
H 2.5 2.0
Hframe >65% as per frame systems
DAL = s i e e et e e e
Hwalls >65% as per wall systems
Regular structures L 1.0
behaving eSSenbial= =it s o i o o e o e
ly like inverted M 1.3
PERAMLE == e e S e e e e
H 1.7

- T T — — ———— G T T e e o SED S D D S S S S R S S S T SN D S S G —— - — -

In a building of given geometrical-structural layout the global
ductility can be enhanced by jointly increasing the dissipative
capacity of ductile elements ("detailing for ductility") and en-
suring that the ductility demand concentrates in the maximum pos-
sible number of ductile elements only ("capacity design").

EC8 offers the possibility of opting for three different levels of
global ductility, called ductility classes (DC), with g factor
values calibrated accordingly.
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The values of g presently considered in EC8 for concrete struc-
tures are given in Table I.

3) Structural model and methods of analysis.

In the codes of the past, the design seismic action was introduced
directly as a system of external forces to be applied to the whole
building, and with the limited computing resources available until
recently, engineers had frequently to resort to more or less in-
genuous and accurate "dissections" of the structure into separate
vertical resisting frames and/or walls; the effect of these prac-
tices on the reliability of the final design was essentially de-
pendent on the skill and the conservatism proper to the engineer.
In EC8 the adoption of a complete model for the whole structure is
taken for granted: what type of model and associated analysis de-
pends exclusively from the characteristics of regularity of the
structure.

For regular buildings, use can be made of planar models (that is,
all the vertical resisting elements in one direction squeezed in a
plane), one for each principal direction.

Torsional effects due to unintentional eccentricities between the
centres of gravity and stiffness are accounted for in a simplified
way by amplifying the action effects found from the planar model
by the factor:

X
z=1+0,6 —
L

where L is the dimension in plan of the building, and x is the
distance of the element (frame or wall) under consideration from
the centre of symmetry, both measured perpendicularly to the di-
rection of the seismic action.

For reqular buildings a static analysis is permitted (denominated
in EC8 as "simplified dynamic analysis"™ in that corresponds to a
first mode response spectrum approach, with a linear modal shape
and all the mass of the building attributed to this mode); with
the limitation, however, that the fundamental period does not ex-
ceed the value of: 2T,, where T, marks the end of the horizontal
plateau of the spectrum.

Non regular buildings have to be analyzed on the basis of a three-
dimensional model, using dynamic multi-mode response spectrum
analysis. This latter analysis is also required for regular build-
ings whose period is longer than: 2T,.

4) Combination of seismic action with other actions.

A proper accounting of the presence of the various types of ac-
tions during the design seismic event is of obviocus relevance
within the reliability format.

In the seismic case the problem of load combination is two-fold,
since gravitational loads present in a building contribute to the
horizontal inertia forces, in addition to acting vertically on the
structural elements, but the probabilities of the total loads pos-
sibly present at all floors and the local loads in single elements
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are clearly different. Therefore, different values of the combina-
tion factors are to be used for the two purposes.

In EC8, the combination of actions to be considered when checking
the elements for the U.L.S. takes the following form:

+ 91 E+ G+ P + I ¥y; Qi

which is generally consistent with the fundamental expression
given in ECl1 - Basis of Design, in the sense that all ¥y factors
are taken as unity, and the variable actions are assumed at their
quasi-permanent value.

G and P indicate the permanent loads at their characteristic val-
ues and the prestressing forces at their long-term values respec-
tively, while the factor vy;, also called "importance factor" has
the effect of varying the intensity and hence the return period of
the seismic event according to the importance category to which
the building belongs.

At this moment EC8 is proposing four categories, with suggested 7v;
values ranging from 0,8 to 1,4.

The values of the yY,; have to be taken from the standardized data
of ECl. For the determination of E, however, the variable 1loads
Q;x must be affected by factors accounting for the probability of
their not being present over the entire structure at the occur-
rence of the design event, as well as of the probability of their
presence with values smaller than their characteristic values. The
reduced factors are given in EC8 in the following form:

Yei = ¢ ¥ai

with proposed wvalues of ¢ for multistorey buildings and various
categories of loads ranging from to 0,5 to 1.

Having regard to the steps of the design process following the de-
termination of the action effects as given by the formal expres-
sion above, it is appropriate to anticipate from now that these
effects will be assumed directly for the design of only some, not
of all, the structural elements. The design of the remaining ele-
ments will not be based on the results of the analysis, but on the
capacity of the elements already dimensioned. This procedure is
outlined in the following paragraph.

5) Capacity design procedures.

Seismic design according to EC8 being based on the possibility of
dissipating energy, in different amounts, through inelastic behav-
iour, specific provisions are incorporated to enforce this behav-
iour: these go under the general name of "capacity design" (CD)
procedures.

The concept has been developed in New Zealand codes since almost
20 years now, and it is increasingly adopted in the revised codes
of all the major seismic countries in the world.

It consists in choosing the desired post-elastic mechanism of the
structure (i.e. the most reliably dissipative one) and then in
providing all elements and mechanisms for which inelasticity is
not expected with greater strength than required to resist the
likely maximum attainable by the yielding elements.
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The desired mechanisms are: the formation of plastic hinges at all
beam extremities and at the bases of the columns (beams sidesway
mechanism) for framed structures, and the formation of plastic
hinges at the bases of the walls and yielding in all coupling
beams in wall structures.

Unwanted mechanisms are: hinging at the extremities of the columns
(with few well defined exceptions), inelastic shear deformations
in beams, columns and walls, inelastic behaviour due to cracking
and loss of bond in beam-column joints, inelastic behaviour of
foundation structures and foundation soil.

As an example, the application of the CD procedure to the design
of an interior column under bending, axial force and shear for the
higher ductility class will be illustrated.

- The bending moments (with the corresponding axial forces) ob-
tained from the analysis under the seismic locad combination are
denoted by Mg.; and M'g.,, see fig.4

Ms, /‘\
M.Rbi
; *;) Fig.4 Application of capacity
M desiqgn procedure at a beam
Ro column joint
N Mse

- The ultimate bending moments developed by the end sections of
the beams framing into the node are indicated with Mg,; and M'g,.
These moments are evaluated considering the actual amount of rein-
forcement present but using the usual factors for the strengths of
concrete and steel .

- From the equilibrium of the node under the assumption of full
reversal of the moments in the beams the following ratio is con-
structed (see fig.4): (the opposite signs should also be consid-
ered and the maximum value of on, in the two cases should be as-
sumed)

_Yra{ Mgy |+|{‘4'sz D
(| Mge |+|Mg, D

The factor fvg4, equal to 1,35 for the ductility class "H", is
meant to recoup for the strength factor yg=1,15 used in evaluating
the beam strengths, and also to account for both the variability
of the yield strength of steel and a certain amount of strain
hardening occurring during the plastic rotations at beams ends.

cD

- The factor agp (agp £ gq) is then applied to the moments Mgo; and
Mgc»> to obtain their respective design values.

- The CD criterion is finally used sequentially to evaluate the
design shear forces in the columns, i.e.:
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M: + M.
Vie = Y pa——¢ 7 =
C

where Mg, and Aﬁk are the resisting moments of the column upper

and lower sections evaluated with the same criteria indicated for
the beans.

Capacity design principles apply in an analogous fashion to the
other cases mentioned before: it is seen that their implementation
is relatively easy both conceptually and practically.

A note is in order, however, concerning the calibration of the CD
factors. EC8, like all the other EC's, adopts a Level I, partial
safety factors format and all the factors affecting the material

parameters (Y,) have been calibrated in the past under the assump-
tion that a uniform lower-than-average distribution of strengths
would represent the most unfavourable case.

on the contrary, given the objectives of ductile seismic design,
the scatter towards higher-than-average values of the strength in
some elements may lead to dangerous situations, because undesired
mechanisms may be activated in other parts of the structure. The
variability of the material properties must therefore be con-
trolled in the ranges of both the lower and the upper fractiles.

The problem of a correct calibration of CD factors is not irrele-
vant, since a fully deterministic approach might lead to overcon-
servative and uneconomical results. On the other hand, a system
reliability approach to calibration has not been attempted so far
in large scale because of its onerosity, and it would be scarcely
compatible with a Level I safety format.

Considering the importance of the CD procedures in the overall
process of seismic design, the lack of a rigorous support for the
values of the factors presently adopted is a lacuna worth some ef-
forts for its elimination.

6) Dimensioning and detailing.

A few highlights only on these aspects will be presented, mainly
for the sake of completing the review of the safety format of ECS8.
Once the design action effects are obtained, the design of the
different elements involves essentially the satisfaction of two
requisites: strength and ductility.

Strength

Design for bending and bending with axial force for beams, columns
and walls is made at the ULS using the same procedures and mate-
rial factors given in EC2 independently of the type of action.

In principle, for combinations which include one accidental ac-

tion, the optimal (from a probabilistic viewpoint) values of the ¥,
factors should be close to unity, although this fact is not ex-
plicit mentioned in ECl: Basis of Design. The use of the ordinary
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set of Y, values is justified, however, in EC8 with the argument

that the reasons for taking the Y,'s close to unity are counterbal-
anced by the fact that material properties suffer a certain amount
of deterioration due to repeated cyclic imposed deformations.

Design for shear in linear elements is also carried out as in EC2,
except that for beams the contribution of concrete is taken as
zero in the zones of potential hinge formation.

For walls, different expressions are used to evaluate the amount
of horizontal and vertical reinforcement necessary to avoid web
diagonal tension failure, depending on the value of the shear ra-
tio: My/V4.l,, where My and V4 are the design values of M and V at
the base of the wall, and 1, is the width of the wall.

Ductility

High local Qductility in the critical regions of the elements is
the prerequisite for achieving the stipulated amount of global
dissipation from the structure.

EC8 defines curvature ductility as the ratio of the curvature at
85% of the peak moment on the descending branch over the curvature
at yield of the tensile reinforcement (Conventional Curvature Duc-
tility Factor: CCDF).

In the case of beams, adequate amount of CCDF is assumed to be
achieved through proper detailing, while for columns and walls the
required values of the CCDF are specified, and expressions for the
amount of longitudinal and confining reinforcement needed to com-
ply with the values are given.

The ductility provisions for beams are similar to those already
well experimented in other codes, and are graded according to the
chosen ductility level. For example for the higher DL, confining
hoops must be provided in each portion of the beam close to a col-
umn, for a length not shorter than twice the depth, with a spacing
taken as the minimum of: 1/4 of the depth, 24 times the hoop bars
diameter, or 150 mm, and also not greater than 6 times the diame-
ter of the 1longitudinal bars, this last provision intended to
avoid the buckling of the bars.

For longitudinal reinforcement, prescriptions are given concerning
the total geometrical percentage, which must not be less than: 1/2
foem/fyx (foem = average tensile strength of concrete; f,,= charac-
terlstlc yield strength of steel) to avoid fragility, nor greater
than 1/6 f ,/f,, to avoid congestion.
Additionally, a minimum of 2 bars of 14 mm diameter must run con-
tinuously at both sides, but at the top side the running rein-
forcement must not be less than 1/4 of the maximum, while at the
bottom side in the end sections the reinforcement cannot be less
than half of the top one.
All the provisions above aim at covering possible deviations of
the actual bending moment distributions with respect to those
given by the analysis.

As already mentioned, columns are explicitly requested to possess
specified amounts of CCDF, as a safety measure additional to the
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use of CD procedures, which by themselves are expected to reduce
the ductility demand almost to zero.
The required values are 15,6 and 3 for the three ductility levels.

Calculations to check the above limits are not mandatory, deemed-
to-satisfy rules are given for the necessary amount of confining
hoops to be provided in the potential plastic hinge lengths. Pre-
scriptions analogous to those for beams regarding the spacing and
the pattern of the hoops are also given.

For walls an adequate ductility at the base represents their only
line of defense (for coupled walls is less so due to the dissipa-
tion in the coupling beams), a fact which justifies a more ana-
lytical attention to the problem: the requested CCDF for DL "H"
are: 1,2 ¢g? and 1,092 for single and coupled walls, respectively,
g being the behaviour factor used in determining the design ac-
tions.

If a direct method is not used, the requirement on ductility can
be assumed to be satisfied if a confining reinforcement is pro-
vided in accordance with an analytical expression of essentially
empirical origin.

4. CONCLUSIONS

An outline presentation of EC8 for buildings has been given using
as leit-motiv the sequence of steps where the most significant
contributions to the overall reliability are allocated.

Six steps have been identified and comments and remarks on their
present state and development needs have been summarily given.

1) The safety format of EC8 starts with the selection of the re-
turn period for the design seismic event. This event is described
in terms of a single intensity parameter: the effective peak
ground acceleration. From this step on, the purpose of the code is
to ensure that, given the occurrence of the design event, code-de-
signed buildings have a negligible residual probability of exceed-
ing the ultimate limit state of near-collapse.

2) The design seismic forces are reduced with respect to those
that would be induced if the structure were to respond elasti-
cally. This crucial step is accomplished via a reduction factor
(q) which is a function of three characteristics of the structure:
a) structural typoleogy, b) geometrical-mechanical arrangement of
the resisting elements (regularity), c)local/global ductility. The
dependence of q on b) is still unsatisfactorily understood, while
for ¢) efficient procedures exist to enhance ductility locally and
to enforce a global dissipative behaviour.

3) The use of realistic mechanical models of the whole building is
indispensable for a reliable evaluation of the effects induced by
the seismic motion acting at the base. For buildings not provided
with structural and inertial symmetry, a dynamic analysis on a
full 3D model is contemplated by EC8. This somewhat onerous re-
quirement is deemed as necessary and sufficient to capture the
bulk of the effects of the non-symmetry on the response. The ef-
fects obtained with elastic models are in any case adjusted to ac-
count for post-elastic behaviour.
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4) In seismic design it is necessary to distinguish between the
variable loads to be considered as present in the building at the
occurrence of the earthquake (which contribute to the inertia
forces activated by the seismic excitation), and those which may
act locally on any single element. This fact calls for two sets of
load combination factors, one for the safety verifications of the
elements, the second one for the analysis of the seismic effects.
For buildings of usual destination the quantification of the two
sets does not pose great difficulties, while for buildings having
occupancies of mixed and less common types a rigorous approach is
still missing.

5) Capacity design procedures are undoubtedly the single most in-
fluential step for controlling reliability in seismic design. They
are able to cover uncertainties stemming from as diverse sources
as the randomness of the input, the inaccuracy of the mechanical
model, the simplifications in the methods of analysis, and the
variability in the mechanical properties. Their aim is to ensure
that the structure cannot but behave according to a preselected
post-yielding mechanism, and this is done at present by using con-
servatively estimated upper values of the strengths that may be
developed by the yielding elements. Economy and consistency in the
reliability treatment will benefit from a future extensive cali-
bration of these procedures.

6) The behaviour of R.C. elements under large reversed deforma-
tions is today known and analytically predictable to a satisfac-
tory extent. This knowledge is translated into rules for the di-
mensioning and detailing of the elements which yield with adequate
accuracy the desired amount of dissipative capacity. This aspect
of seismic design is therefore arrived at his stage of maturity.
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