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Overview of the presentation

» (Climatic and Seismic Actions in the Eurocodes
= Reference Basis of Design

= General principles for the assessment of climatic
actions. Examples for the snow load maps.

= (Climate change influences.

= General principles for the assessment of seismic
actions. Open points.
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Links between the Eurocodes

Structural Safety,
EN1999 Serviceability and Durability

[ EN1991 ] ---------------- Actions on Structures
|

EN1992 EN1993 EN 1994
EN1995 EN1996 EN 1999

——————— Design & Detailing

EN1997 EN1998 |------- Geotechnical & seismic Design

Eurocode standards recognise the responsibility of regulatory authorities
in each Member State and have safeguarded their right to determine

values related to regulatory safety matters at national level where
these continue to vary from State to State.
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National Annex - NDPs ECs Foreword

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

— values and/or classes where alternatives are given in the Eurocode,
— values to be used where a symbol only is given in the Eurocode,

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

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

It may also contain:

— decisions on the application of informative annexes,

— references to non-contradictory complementary information to assist the
user to apply the Eurocode.
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Distribution of NDPs in the ECs

Safety
(Effects of actions)

*ﬁmat/c Actions

EN 1992;176

Seismic Actions

EN 1998; 103

EN 1997, 42

EN 1999; 58( EN 1990; 54

EN 1996; 31
EN 1995; 21

EN 1994; 42

EN 1993; 236
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Basic requirements EN 1990

2.1(1)P A structure shall be designed and executed in such a way
that it will, during its intended life, with appropriate degrees of
reliability and in an economical way:

— sustain all actions and influences likely to occur during
execution and use, and

— meet the specified serviceability requirements for a structure
or a structural element.

2.1(2)P A structure shall be designed to have adequate :
— structural resistance,
— serviceability, and
— durability.

\\ULSI’ + IISLSII

2.1(3)P Safety in case of fire

2.1(4)P Robustness
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Design Situations

1.5.2.2 design situations

sets of physical conditions representing the real conditions occurring
during a certain time interval for which the design will demonstrate
that relevant limit states are not exceeded

3.1(3)P Limit states shall be related to design situations

3.1(4) Design situations should be classified as persistent,
transient or accidental (seismic)
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Design Situations

1.5.2.3 Transient design situation

design situation that is relevant during a period
much shorter than the design working life of the
structure and which has a high probability of
occurrence.

NOTE A transient design situation refers to temporary conditions
of the structure, of use, or exposure, e.qg. during construction or
repair.
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Design Situations

1.5.2.4 persistent design situation

design situation that is relevant during a
period of the same order as the design
working life of the structure.

NOTE Generally it refers to conditions of normal use.
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Design Situations

1.5.2.5 accidental design situation

design situation involving exceptional
conditions of the structure or its
exposure, including fire, explosion,
impact or local failure
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Design Situations

1.5.2.7 seismic design situation
design situation involving exceptional conditions of the structure

when subjected to a seismic event

e i s et =

)
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Actions, ULS Design situations

Design Situations

Transient Seismic

i Persistent i
i Accidental i
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ULS Persistent Transient Design
Situations

)3 ?{;,;-Gk,j"_l_”};PP”_I_"}’{{}+" Z}/Q,i%m Eqg. (6.10)
j=l =

or, alternatively for STR and GEO limit states, the less favourable
of the two following expressions:

| E,] YG, Gk, ;" ypP+" }’Q*IWG~+1'IZI?Q,EW{]~ Eq. (6.10a)
J= =

2. §_jTG.__,r'GJc.__j"‘""?FF""’"?Q'""" Z,‘ﬂ’g,f?-’ﬁ::~ Eq. (6.10b)
izl i>]
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ULS Accidental Design Situations

2. {_’;klj"+1'p"| "{J,!fu Or W1.|1 H Z!ff
1= i>]

ULS Seismic Design Situations

2 G.q.;'"+'1p"+” ZWE
1]

iz
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SLS Design Situations

Characteristic Combination

E {}'kqj m g n F Hr_|_1l Zw
= i>1
Frequent Combination

> Gy "+"P" ";gfl" ! Z!ﬁ’
j=1 i=]

Quasi Permanent Combination

z Gk,.;' L] lI lI‘P i _I L1} sz
= i
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Reliability Differentiation (Persistent)

EN 1990 Annex B

Table B2 - Recommended minimum values for reliability index £ (ultimate limit

states)
Reliability Class Minimum values for §
1 year reference period 50 vears reference period
RC3 5.2 4,3
RC2 4.7 (38)
RC1 4.2 3.3

NOTE A design using EN 1990 with the partial factors given in annex
Al and EN 1991 to EN 1999 is considered generally to lead to a
structure with a B value greater than 3,8 for a 50 year reference
period.
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MAX 2M TEMPERATURE

Operational model (edited 07 February 2011)
Highest values

valid: 08 February 2011

Units: Degrees Celsius
<25

I >-25 <=-20
0 >-20 <=-15
W >-15<=-10
M>-10<-38
M>8<6
M>6<=—4
M>4<=2
W20
00 <=2

152 <=t

% special regulation

Alpine Region W i n d

Central East
[T ] Central West
I Greece
[ 'berian Peninsula
Iceland
Mediterranean Region
I Norway
[ Sweden, Finland
I UK, Eire

Temperature
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Characteristic values of climatic
actions

EN 19900 Note 2 to 4.1.2(7)P

The characteristic value of climatic actions is based upon the
probability of 0,02 of its time-varying part being
exceeded for a reference period of one year. This is
equivalent to a mean return period of 50 years for the
time-varying part. However in some cases the character of the
action and/or the selected design situation makes another
fractile and/or return period more appropriate.

Qk - Q50yrs
Design Working Life # Return Period
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Other Representative Values of
variable (climatic) actions

v Q. Combination value
v, Q, Frequent value
V> Q. Quasi Permanent value
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The European Ground Snow Load Map

Many clauses of EN 1991-1-3 are based on the results of a
research work, carried out between 1996 and 1999, under a
contract specific to this Eurocode, to DGIII/D3 of the European
Commission.

They were identified four main research items:

Q study of the European ground snow loads map

Q investigation and treatment of exceptional snow loads

Q study of conversion factors from ground to roof loads

Q definition of ULS and SLS combination factors for snow loads.
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The European Ground Snow Load ap

Needs for harmonization — Development of European ground snow
load map

A Inconsistencies at borders between existing national maps;

Q Different procedures for measuring snow load (mainly ground
snow data): snow depths + density conversion, water
equivalent measures, direct load measures;

Q Different approaches for statistical data analysis (Gumbel,

Weibull, Log-normal distributions). n

The research developed a consistent approach
Produced regional maps (Annex C of EN 1991-1-3)

d Snow load with Altitude relationship
1 Zone numbers & altitude functions

d Geographical boundaries
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The European Ground Snow Load ap

For maps in Annex C of EN 1991-1-3 the following common
approach has been followed:

Q Statistical analysis of yearly maxima, using the Gumbel Type I
CDF (best fitting in the majority of data points);

LSM for the calculation of the best fitting regression curve;

Both zero and non zero values have been analysed according to
the "mixed distribution approach” ;

U O
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I Alpine Region
Central East

[ ] Central West

[ Greece
[ Iberian Peninsula

Iceland
[ Mediterranean Region

[ Norway
[ sSweden, Finland

I UK, Eire

Q Regionalization of CEN area
(18 countries 1997) into 10
climatic regions;

=« 0 Smoothing of maps

across borderlines
between neighbouring
climatic regions (buffer
zones 100 km).
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The European Ground Snow Load Map
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The European Ground Snow Load Map
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In some regions, particularly southern Europe, isolated very heavy
snow falls have been observed resulting in snow loads which are
significantly larger than those that normally occur. Including these
snowfalls with the more regular snow events for the lengths of
records available may significantly disturb the statistical processing

of more regular snowfalls.

5.00

4.00 -

3.00

2.00 -

1.00 + - -

Reduced variable Y

-2.00

ELAE

Snow load on the ground kN/m2
[ 110 ] 2 U

27-28 October 2015, Zagreb

Eem meswEmE

-runw

R el ]

Gumbel probability paper: Pistoia
(IT)

N° of recorded years = 51
N° of no snowy winters = 26

s, = Max. snow Load = 1.30
kN/m?2

50yrs load incl. Max Load = 1.00
kN/m?2

s, = 50yrs load excluded Max Load
= 0.79 kKN/m?

kK =s.,./s, = 1,65
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The European Ground Snow Load Map
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Location of weather stations (159) where exceptional ground
snow loads were detected (1996-1999)
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The European Ground Snhow Load Map
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The European Ground Snow Load Map
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The European Ground Snhow Load Map

Alpine Region — Snow load at sea level
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The European Ground Snow Load ap

=

Map for Meditérranean region
Annex C EN 1991-1-3
(geographical boundaries)

Italian National Anhnex
(administrative boundaries)
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The European Ground Snhow Load Map
Italian ground Snow load Map:
-4 different zones (3 Med. + 1 Alpine)
-Administrative boundaries (110 provinces)
-4 Altitude correlation functions

12.00 Example of calculation

oo of ground snow load
o ——Zone 1 alp / at a glven /Ocatlon.'
£ ——Zone 1 med
Z 8.00
~ Zone 2
-cgs Zone 3 InpUtS.'
2 *7 - zone n. 3
. - altitude = 600m
5 a.s.l.

2.00 |

7 R
0.00 1 , ‘ ‘ ‘ ‘ 5
0 200 400 600 800 1000 1200 1400 S, = 1,30 kN/m
Altitude [m]
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The European Ground Snow Load Map

Contours
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The European Ground Snow Load ap

)« The digital map is applicable also for direct

w== |  probability assessments of structures:
B S a) characteristic value of the snow

AR load on the ground (s,) (based on
Nadmorska vyska ;245 [m.n.m]

1961-2009 obs.)

Cela CR || smazat |

Charakteristickd hodnota zatiZeni snéhem na
zemi

b) statistical characteristics for the
distribution of annual maximum of
snow load on the ground:

zatiZeni sy

Statisticke parametry r
stredni hodnota p

smérodatna odchylka o |0.

variaéni koeficient V. | 1066 : - mean Value IJ,
S - standard deviation o,
|Histogramdennichhodnot| - COeffICIent Of Va riation V,
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The European Ground Snow Load ap

Central West: Snow Load at Sea Level
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The European Ground Snow Load ap
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The European Ground Snow Load ap

Maps given in National Annexes are determined without taking into
account "exceptional falls”

How to determine design values for accidental ground snow loads?

For locations where exceptional loads may occur (National
Annex), the ground snow load may be treated as accidental
action with the value:

Sad = Cesi Sk
Where:
C.. (set by the National Annex) - recommended value = 2,0
S, = characteristic ground snow load at the site considered
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Climatic Actions Maps & Climate Change

"¢ Northern Europe
Ire rise exceeds global average
snow, lake and river ice cover

Mountain Areas
Temperature rise exceeds European average
Decrease in glacier extent and volume
Decrease in mountain permafrost areas

_ ;. Increasing risk of soil erosion
North Westemn Eurcpe

Increase in winter precipitation MRV)“ ;—! £

Increase in river flow : L ntral nnd tern Eurnpé\

Decrease in energy demand for heating — B RO ;tem,pgrature
Increasing risk of river and coastal flooding mn’tq,‘precqiiﬁhon L"“z Z.J

Mediterranean region
Temperature rise exceeds European average
Increasing risk of desertification
Increasing water demand for agriculture
Increasing risk of forest fire
Increase in mortality from heat waves ' - ==

Which effects on climatic
actions for structural design?
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Climatic Actions Maps & Climate Change

Climate change - Vulnerability of buildings in Norway (SINTEF 2013)

Endring snolast 1981-2010 Endring snelast HADA2 Endring snelast HADB2
i forhold til 1961-1990 .. & i forhold til 1961-1990 i forhold til 1961-1990
ok 7 X a5
f‘“-zf i B -

redusert snalast (< -10%)

liten endring (-10% til +10%)

redusert snelast (< -10%)
liten endring (-10% til +10%)
okt snolast (> 10%)

redusert snelast (< -10%)
liten endring (-10% til +10%)

okt snolast (> 10%) okt snalast (> 10%)

Registered Data Prediction: scenario HADAZ2 Prediction: scenario HADB2

% variation of 50-yrs ground snow load in the periods:
1961-1990 / 1981-2010 + predictions according IPCC scenarios
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Climatic Actions Maps & Climate Change

Climate change - Vulnerability of buildings in Norway (SINTEF 2013)

Anbefalte endringer i snglast
for kommuner i Norge .

Estimate of ground snow load variation
(resulting from 3 IPCC scenarios) in the
period 2071-2100 compared to the
current Norwegian Annex to EN 1991-1-3

Reduksjon kan vurderes pa sikt
- Uendret ogsa pa lang sikt
- Vurder lasteke allerede na

ELABORATION OF MAPS FOR CLIMATIC AND SEISMIC ACTIONS
FOR STRUCTURAL DESIGN IN THE BALKAN REGION

27-28 October 2015, Zagreb




European |
Commission

Climatic Actions Maps & Climate Change

Interaction of
Extreme
Weather Events
(EWE)

M515 Next Generation of ECs: Climate Change Objectives

Climate change This will provide increased resilience of long-life infrastructure assets

consideration embraced to potential climatic changes. It is very cost effective to address such

within Eurocodes risks at the design stage rather than through later retrofitting. Such
an approach also reduces user disruption and environmental
impacts.

e Report on the impact of climate change on climatic actions in relation to
structural design issues.

e Modified or additional clauses for EN 1991-1-3, -1-4, -1-5 and EN 1991-1-9
(Atmospheric Icing) (and possibly other Eurocode Parts).

e Background document(s)
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Design values of seismic actions

EN 1990 4.1.2(9) For seismic actions the design value Ag,
should be assessed from the characteristic value Ag, or
specified for individual projects.

NOTE See also EN 1998.

Acq = 71 Agx
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Design values of seismic actions

EN 1998-1

2.1(1)P Structures in seismic regions shall be designed and
constructed in such a way that the following requirements are met,
each with an adequate degree of reliability.

— No-collapse requirement.
The design seismic action is expressed in terms of:

a) the reference seismic action associated with a reference
probability of exceedance, P nycr, in 50 years or a reference
return period, T \cr , and

b) the importance factor y; (.....) to take into account reliability
differentiation.

— No-damage requirement...
Ppor, in 10 years or a reference return period, T p 5
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Design values of seismic actions

EN 1998-1

NOTE 1 The values to be ascribed to Py or to Tycgr for use in a
country may be found in its National Annex of this document.
The recommended values are Pyncg = 10% (50 yrs ref. period)
and Tyer = 475

years.

NOTE 3 The values to be ascribed to Pp g Or to Tp g for usein a
country may be found in its National Annex of this document. The

recommended values are Py g =10% (10 yrs ref. period) and Tp g
= 95 years.
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Design values of seismic actions

EN 1998-1

2.1(2)P Target reliabilities for the no-collapse requirement
and for the damage limitation requirement are established
by the National Authorities for different types of buildings or
civil engineering works on the basis of the consequence of
failure.

2.1(3)P Reliability differentiation is implemented by
classifying structures into different importance classes. An
importance factory; is assigned to each importance class.
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Importance factor y,

Reliability Differentiation

EN 1998-1

European
Commission

The value of the importance factor y; multiplying the reference
seismic action (PGA) to achieve the same probability of exceedance in
T, years as in the Ty years for which the reference seismic action is

defined, may be computed as y; ~ (T (g /T ) ~1/k,

Importance Importance factor ¥,
class Buildings (recommended value)
| Buildings of minor importance for public safety, e.g. 0.8
agricultural buildings, etc. !
I Crdinary buildings. not belonging in the other 10
calegories. '
Buildings whose seismic resistance is of importance in
I view of the consequences associated with a collapse, 1,2
e.g. schools, assembly halls, cultural institutions etc.
250 Buildings whose integrity during earthquakes is of vital
' v importance for civil protection, e.g. hospitals, fire 1.4
stations, power plants, elc.
2,00
1 50 --------- i :.:..—-—'-"‘
"""""""""""""" P S
jo0 b— | . ___,.g..?'-—" -7 1 ===rek=25
‘,‘;.f“; ! —— k =3 (EN1998-1)
7" - -lk=4

Return Period

500 750 1.000 1250 1500 1750 2.000
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Design values of seismic actions

3.2.1 Seismic zones EN 1998-1

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

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

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

1. Specification of the models for the seismic sources
responsible for the seismic hazard

2. Specification of the ground motion models (attenuation
relationships)

3. Calculation of the reference parameter (PGA) for the
given probability of exceedance
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Maps for Seismic Actions

1. Specification of the models for the seismic sources
responsible for the seismic hazard

Source : [TAS308 Events in AS: 123, Complete : 52
- T

hr,]ml -1‘0.000 0.000 10.000 20.000 30.000 40.000 10 = . e 45 = ‘ -
|Legend b & Ccum.FMD : Al &
| Fauit sox N QO Non-Cum. FMD ]

| | mmmaby, =088  =3.02

| 70.000 W\ pm pm

| Background Z . ::;f\' ——b=1,a=42

a 107 Fooy Weighted Mean FMD E

| Area Sources T

=

:Arn Sources siiico

= 000

Latitude

50.000 50.000

Number of events 1/[year]

40.000 B2 140.000

-20.0 -10.000 0.000 10.000 20.000 30.000 40.000 4 :Aagniteude ! 8 noz L(;:l:git:l;e e
Seismogenic sources e Statistical description of the seismic

hazard for a given location based on
earthquake catalogues
e Gutenberg-Richter relationship
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Maps for Seismic Actions

2. Specification of the ground motion models (attenuation
relationships)

The attenuation relationships provide the value of a ground
motion parameter (peak ground acceleration, spectral ordinates...) at
a certain Distance (R) from an earthquake of a given magnitude (M)

Empirically determined equations

Attenuation relationships

e.g. Ambraseys (1996) for 2 |
. . . . . 1.0 I 1
intraplate seismicity in Europe % ~ Eemsi=
_— : _ g8 Cr——— ™ “S\_‘ —
Statistical estimate of PGA, given £ TSN
H . 150'1 h;"\ . :‘\
the occurrence of a seismic event g ; S~
; = - < 3 m g W
with a specific magnitude (M) and R an SIS
. . - 5 2T - - + - - ‘\\ \" e \
at a given distance (R) from the site g | o teozeyeszzey \}l\

being considered

L) g O
L L
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FOR STRUCTURAL DESIGN IN THE BALKAN REGION . P
1 2 3 4 567810 23 4 5678100 2
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3. Calculation of the reference parameter (PGA) for the
given probability of exceedance

Assumptions:

- Each seismic event can take place at any time

- Any seismic event is independent of the occurrence of all others

- Recurrence frequency of seismic events in a given time interval
Td is given by ATd, being A=1/Tr the mean recurrence frequency
of the seismic event assumed to be constant

- Events follow a Poisson process

By numerical integration it is possible to evaluate the seismic
hazard, in terms of probability of exceedance of a PGA, for
each site and for a given time interval.

Hazard curves
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Maps for Seismic Actions
-
3. Calculation of the reference parameter (PGA) for the
- - -
given probability of exceedance
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Seismic zonation
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The Italian example Hazard curves are not
homothetic, they
—ore change with the return
———LCastelnuovo dihﬁarfagna_na per|od
Sant'Angele dei lombardi
Messina
Avezzano
09 o0ew00 Seismic zonation based
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The Italian approach
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From seismic zones to the definition of
local seismic hazard

Italian territory divided in 10'571 grid
points (grid span 5 km)

For each grid point derived hazard curves
for different probability of exceedance

Istitute Nazionale di Geofisica e VYulcanclogia
Valori di afg) per diverse frequenze annuali di superamento

(Coordinate del punto lat: 43.6954, lon: 10.4474, I0: Z0269)
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Maps for Seismic Actions NAs

Open points:

e Inconsistencies at borders European Seismic Hazard Map
between neighbouring F
countries

e Different presentation of
seismic maps

e Harmonization of procedures
and/or parameter values is
highly desirable

[P o — g 'w' ﬁ"i
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Future evolution of EN 1998-1 (M515)

The main benefit of this action is to update the way in which the seismic
zonation is presented, taking profit of the more recent research in this
field and aligning EN1998 with the way in which seismic zonation is
presented in other national and international seismic codes.

To this effect profit shall be taken from recent European research

projects, namely the project SHARE, which provided consistent
methodologies and tools to support the establishment of a

European seismic zonation.

Redrafting of Section 3 (Ground conditions and Seismic action) of
EN 1998-1.

The redrafting shall provide the advancement towards a harmonized
seismic zonation but still enabling the Member States, if required, to
establish its own safety levels at different performance levels and for
different types of structures (importance classes).
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