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More: effect/ ve pre ven tlon Stra fegies
would. save-not only tens or-billions
or da//ars but sa ve.tens or thausands

[of 4/1/65 Funa’s currently spent 0/7
//7 ferventionmand re//ef could be.

- devoted to enhancing eqwtab/e and
sustainablerde veloprient insteady -

wihich would' Turtherr@duce the /73/(
for War ana’ dlsaster .

- Kofi Annan,l,999




BU//a’/ng a ‘culture af pre Ven 170/7 /S
nafeasy While’ The AN
() ha Ve to.be pa/d //7 {he

_ ‘ leina

' _Marea Ver, the

' benef/ts are not Eng/b/e the y are
| _the o’/sasters that d/d P e n’ il
._happen

_ Kofi Annan, 1999




The reallstlc modellmg of ground

mot|on can now be done 16)Y maklng

‘use of global observations-from. - -

j ~ digital networks, application of .
“modern theories for the forward and: HER
th_e inverse problems, and by use of

W|deJy avallable computers A




S We o[ have to for R
earthquakes to oceur in likely: feeal
| regions and then to measure '
ground motion with an extremely

~dense set of recordlng
' mstruments




Wlth the avallable geologlcal

“"‘geophysmal selsmologlcal and"

- seismotectonic data, we can -
__compute these. selsmograms

from theoretlcal considerations
(Panza Radu//an ana’ Tr/fu Ed/tors QOOO) |




A compleie database fior all S|Ies_
and predicted focal mechanlsms 1Y
can be constructed! [iiedicie ;-

no delay IS necessary whlle We [ [
walt (6] expenmental eV|dence Y
and recordlngs \ AL




ThJS database is then naturaﬂy '
updated contlnuously by

. comparlson with incoming new
| experlmental data (Costa et a/ L
1 993 Panza et a/ 1 999 2001)




The selsmlc lnput
_ modeﬂlng we developed




-the dlrect evaluatlon of resultlng

~7 maps in‘terms of design

_______parameters without requiring the
~adaptation-of probablllstlc maps to B
.' de3|gn groun’d motions; = 1

] -the effect of cruﬁal propertles on 1
attenuatlon | ¢




ith‘e derivation -of ground motion
parameters from synthetlc tlme

S|mpI|f|ed attenuatlon functlons

'the w generallzatlon _of des|gn
parameters to. Iocatlons where there I
45 Ilttle selsmlc hlstory Lax AN
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Magnitude

1 7.25 - 7.501]

1 7.00 - 7.25]
- 7.00]
- 6.75]
- 6.50]
- 6.00]
- 5.50]
- 5.00]
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SMOOTHING OF SEISMICITY
for the definition of seismic sources

Smoothed seismicity
(0.2° x 0.2° cells)

_ Discretized seismicity
Epicentres (0.2° x 0.2° cells)
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Magnitude
1 7.25 - 7.50]
1 6.75 - 7.00]
1 6.50 - 6.75]
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1 5.50 - 6.001]
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Determimistic Method
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Determipistic I\/l_ethod




Our modelllng glves the envelope
‘of  the ground  motion (Ilke
“acceleration, veIOC|ty

dlsplacement) determlned :

consrqierlng -scenario earthquakes B

_consistent with the seismic_history
~and- the selsmotectenlc of the

study area
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Conversmn between
IntenS|ty (I\/ICS) and
.. —'——Peak ground motion parameters in ITAL\L

ING Inten3|ty data NT4 1.1 Magnltudes

Intensity Displacement (cm) Velocity (cm/s) DGA(g) -
0.1-05 0.5-1.0 0.005—0.01 [EEEEE.
0.5-1.0 1.0-2.0 0.01-0.02 [N
1.0-2.0 2.0-4.0 0.02 - 0.04
2.0-3.5. 4.0-8.0 0.04-0.08 .
35-7.0 80-150  008-0.15 [
7.0 - 15.0 150-30.0  0.15-0.30 S

~ 150-300  30.0-60.0  0.30-0.60 [

Deterministic method




Conversmn between
£ & Intensﬂy (I\/ICS) and A SN
Peak ground motlon parameters In ITALY-—

ES '”te“S'tydata NT4 1.1 Magnltudes r.

| Intensity Displacement (cm) Velocity (cm/s) DGA (g) S .‘
VI 10-15 1.0-2.0  0.01-0.025 |
VIl 1.5-3.0 20-5.0 0.025 -0.05
VIl 3.0-6.0 50-11.0 0.05-0.1
6.0-13.0 11.0-25.0 0.1-0.2
13.0-26.0 250 560 0.2 - 04

Deterministic méthod




DGA(I)/DGA(I 1)= 2
CPGV(N/PBVU-)=2

PGD(I)/ PGD(I 1) 2




The- slope of the regressmn maximum
observed. macroseismic  intensity,. |
(I\/ICS) and computed’ peak values of

‘ground motloh 15/ always close to
value - common 1o many emplrlcal
| 'relatlonsw (Shtelnberg et al, 1993) found
con5|der|ng Peak Ground Accelerations.

Cancanl |n 1904 modlfled the orlglnal Mercalll_..-

the declared purpose to obtaln the slope
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__GENERAL PROBLEI\/IS
INE%HSMKZHAZARD

ASSESSI\/IENT




Case studles |nd|cate the '

______of the Currently | used" |
2EE - o=, deeply rooted

~in englneerlng practlce based |
~ona. ~ n




- analysis supplles
|nd|cat|ons‘that seful but LRI

o Recent examples ¢ Kobe

ar 1995),  Bhuj (26 1.2001),
_Boumerdes (21 5 2003) . Bam
(26 L2 2003) events L ', L




"7 GSHAP 2

o Kobe (17 1 1995) GUJarat (26 1,2001), Boumerdes (21.5. 2003) and Bam
| - "__'_(26 12.2003) earthguakes PGA(g) L\ \ '

Expected : Observed ,

[ - . with-a probability of exceedence of 10%
. In 30 years (return period 475 years)

“Kobe — 0.40-0.48 0.7-0.8

~ Gujarat = | = 0.16-0.24 | 0.5-0.6

'« Boumerdes' = 0.08-0.16 _'_:_(5;3—0.4'* %
1[Bdm/  \ L o 16 0.24 | _"”o'.-7-0.8 \

from I, if Ilquefactlon IS conS|dered the value may e smaller




The mathematlcal modelllng based on
'_pTObabIhStIC Concepts '

| 5, behlnd an, earthquake at the
' mest It Can supply some gwdellnes




The mathematical modelllng

T - 77 deallng wrth
2. . that are ~that

";"’may ‘not be quantifiable in a.

- meaningful sense (Chandler et al,

~2001) as it happens Iow to
L moderate selsmrcrty reglons - or
‘regions lackinghistorical. - and
,-mstrumental earthquake data. \\\{[]]]/




A proper deflnltlon of
——-——the seismic Input pit-a

~given site can be done
followmg TonENg T




Wit Nafeaed) |- based on “the
anaIyS|s of the ‘available strong

-._--—mgnon "databases collected. by
=B l;;eX|st|ng_, seismic networks, -and on

. the grbuplng of those accelerc)grams |
~that contain similar source, path and-
il -‘Slte effects (e of Decamnl and. Mollaloll




w. | s based on
modelllng teohnlques developed

___.from the knowledge of the selsm|o
source prooess and IO R teT)

+ propagatlon of | seismic Waves that
can reahstlcally ermulate the ground
“motion (Panza et aI 1_996 Field .e__t:,_.gl__
zooo) L s e




The | d eal pI’O'C editire | S0
fol oM _the =)

Complementary Ways Ui

—order e validate the
' numerlcal modellmg Wlth the -
|available reco rdings’ (e g. Decamm

el et aI 1999 Panza et al., ZOOOa bc) :?_f_"_“ S




For example in constructlng deS|gn mput motions,

estimates of the peak ground motions; at the: site
‘can 'be made \in a  probability’ hazard analysis

-(l-neludmg ‘interoccurrence probabilities).. - Then.
“final- selection: of appropriate accelerograms with

~their "asseuateﬁ—-— ground | velocities “and
dlsplacements would™ follow EN determlnlstlc |
approach The ch0|ces Would be gwded by wave |

__phasmg and duratlon of the domlnant Waves |n
the time hlstorles (Bolt 2003)




/T END
OF TN







the‘fi determmlstlc
,1¢demng ANy

M, . \. permlt /
" microzoning, £ based upon a setof
7 | f,,__L_;,. o

" General Problems in Seismic Hazard Assessment




no .——recordlngs are

" General Problems in Seismic Hazard Assessment




_use: Of model I | ng
beca“."se contral ry \to
the comn nc n p ra ct| Ce, th e_ ;; 2t

SI n ceT ‘the ey can " be

" General Problems in Seismic Hazard Assessment




use of realistic
synthetlc tlme hlstorles VN

| ] ___L

, allows us to sy

|,——————|.— —_

ol n ru ct s enari os ba sed 0 n\
SI g n Ifl Ca nt I g i GU :"--::;;;:_,, Otl O n

pare am ete I’Sf velocH:y a nd d'SP'aceme”t)

General Problems n Selsmlc Hazard Assessment




,’5‘:-”"2mong the co effectlve advance

‘ actlon almed at creatlng knowledge

———-parucular role is pIayed by

I_t_l__ _l_ e N

TTispratog: ...-ﬁmvatlve—technomgy

|,—————|.— _—_—

thatas gettlng -a-steadily- mcreasmg——.
dlffusmn on globa1 sca1e——

_..' - é S

Base Seismic Isolation




—% Base
w8 wSeismic
130|at|0n




Base
Seismic
Isolation




Base
Seismic
~lsolation




‘enerally, for .

th e selsmlc |solat|on systes nS-.
'_"“Trub ber bearlngs fricti onal type”
~ systems, :ete 97— N eeeL to h ave

‘Base Seismic Isolation




'-“irr order to ‘“c:ope with these
reqmre mer ts t e evaluation c Qf;theo

- :c:r:meal ing put for this kind of seismic

e__-—beyOhd strength dema nds h ?
i SI ! nJﬂ Ca nt |\

' Base Seismic Isolation

~protection. systems should' c0n5|der



A then eV|dent at the |mporta nce -of

he | outlined /‘aspects, and the
corresponel,,'"-;.__ structu ral deS|gn ck
depends on the \

_l—'._—_— o wd wd d -l -~

| [} [ [ N i » | i
| ] | a ] |
| 4 o
| | ' ]
| ‘ e i | o
— - - _—
B il - i i i

Pa ra m ete rs ca n be ext[ae 1 aum = ERE

Base Seismic Isolation










Distance from the source

Free surface —

F

Reference layered model

Adjacent grid lines, where the wave
field is introduced into the FD grid. The
incoming wave field is computed with
Zone of high attenuation, where the m(?de-‘ summation technique. The
Q is decreasing linearly toward two grid lines are transparent for

- backscattered waves (Alterman and
the artificial boundary.

fictat bouncary. Karal, 1968). '

Artificial boundaries, limiting
the FD grid.

Local heterogeneous model

A Site




Wave propagation Is,treated
by means® of the modal
summation technique

(anelastic
structure).




The finitel differences
techniqué |s applied in the
laterg

part
(sediment®




Synthetic seismi€ sighahobtained
consider simultaneously. the
Selsmic moment tensor average
mechgs ) s of the

travele® y
site condit







nsive descriptiC
used to compute
ynthetic signals Is given In

Advances in Geophysics, Vol.
43, 2001, Academic Press.




ground motion h
compared with stre
motion records, the computations o

synthetic seismograms permit a
detailed microzoning based upon the
set of possible scenario earthguakes.




are available the synt
les can be used to estimate
the expected ground motion, thus

leading to a




NS IS hecessary to
e the fact that the so-calle

generating the
seismic input(Panza et al, 2000).




the SPE
between ‘

horizontal and vertical
components of motion.




Modeling of sei

(azirmutg




of the resk
for 5% dampl
obtained considering the

bedrock structure, and the
corresponding values, computed
taking into ‘account the Ilocal
heterogeneous medium.




Modeling of sei

(azirmutg




Nith the recent N
and the SCEC phase
g Gourp (2000), that

based on first
principles of physics.




Newport Inglewood Elysian Park Fault

Pacific Ocean

These images of the Los Angeles Basin show "hotspots" predicted from computer
simulations of an earthquake on the Elysian Park Fault and an earthquake on the
Newport-Inglewood Fault (represented by the white dashed lines). What is shown is not
how much shaking was experienced at a particular site but rather how much more or less
shaking (highest levels are shown in red) a site receives relative to what is expected
from only the magnitude of the earthquake and the site's distance from the fault. These
images consider only part of the total shaking (long-period motions) and were calculated
by using a simplified geologic structure. (Data for images courtesy of Kim Olsen,
University of California, Santa Barbara, SCEC Phase Il report)




<Santa Monica Fault Palos Verdes Fault

"hotspots" predicted from computer simulations of an earthquake on the
Santa Monica Fault and an earthquake on the Palos Verdes Fault

(represented by the white dashed lines). SCEC Phase lll report, Field, 2000,
BSSA, see also http://www.scec.org/phase3/




Nea_r-FauIt Grourncl




Near-fault ground rnotions often contain I«lrﬁ long-
period (2-5 sec) wave pulses. Tnere are two causes
of tnese long-period oulses: first, constructive
interference of tne radiated waves due to directivity of
the fault rupture; second, rnoverment of the ground
assoclated witn the permanent Jr‘Jd tic offset. To
[ PN C LS 102 ‘,c A ssel,c RN

: TIN|T
oulse” and Ffling-st20” are usad for the ruotura

clirgciivity and elasiic rzoound gffzcts, rasozciivaly
(Bolt & Agrarzrmnsorn, 2003).




- emf5-2

Arceleralion

0ol Narhidge /171 Sgn Femando
T T T T T

T T

mIL . o I!!4Hom'ri:1;!_

T F T ] 7 YT T T T T LI B B ™ rrf 1
191 San Fernancn
10 | i
-0 =
I il | o i
i & i 15 ¥l fal k1]
Timg = 520

Figure 1. Strong motion recordings at the Pacoima station, California in
the 1971 San Fernando (bottom) and 1994 Northridge (top)
earthquakes.  All are SI6E horizontal components of (la)
acceleration, (1b) velocity, and (1¢) displacement, respectively.
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Figure 1b: Ground velocity, S16E Pacoima 1971, 1994,




Rupzure cdirecivity effegzs cuUr Wrierl ine fault rugilres toweard tre sie
ziriel in) E slio dirgciiy (on Lhe fault olainig) Is aligngd witn ine ruoilre
direciio (ijervlle gt al., 1999). Trie consscuent oulse Is sirongesi
of] Lhe cofflgonent of rgtor) perpend]cular [0 irig girlke of ine feul
(feiuli=riorarizll romr)omenr) Flifg=gteg grotid matlon gcclrs clggg io 2
rugitireel feilli witnl siejrlificzint surfeice offsez It igliggliigel g igls g rotigic)
ollsolzieanpiant conploepiant ozirelllal te) tne | T e~

Slipreartnguakess e pitrENdireCuVityApUISEraneE e fllng-step pUIsSE
WillSaturaliyAseparatetneEmseIVESIRIeMWONICHZeN 2 COMPONENIS =0);
dip=slipr eantnguakesH ther Efeci IS morer complicated: e rupiure
directivity’ efiect: will“be strongest: onl the' fault-nermall compoenent: at a
location; Updip: fremi the hypocenter: Tihe fliing step will'lbe ehsernved on

the horizontal compoenent penrpendicular tor the strike of the fault.
Consequently, for dip-slip faults, directivity-pulse efliects and fling:=step
effects can be combined on|the same component.



Directivity




Landers
Eartnquare
(1992).
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Directivity







STRIKE SLIP DIP SLIP
iMap View) (Cross Section)

Fauit Fling Step

Directivity Pulse

’] L < - >
i Fling Step
»]0 U C JC U U .!".

the rupture directivity pulse
and fault displacement
between the strike normal and
strike parallel components of
ground displacement.

Strike Mormal >
Component of V.

Waveforms containing static [t
ground displacement are
shown as dashed lines;
versions of these waveforms
with the static displacement EUICEH i R

removed are shown as dotted e -
lines (Sommerville, 2002).




column), shown on the

same

scale

(Sommerville, 2002).

Fault A and Strong Motion
Recording Site

Fault B and Structure Site

hmigituclinal
L3

EN ah
£
Irinsyerss

sp

fault B

Figure 3. Archiving {left) and application (nght) of stike-nommal and strike-paralle] components

of ground motion.
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Accelerations
at different
sites showing

fling effect

3 epicenter
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“Realistic Modé€

put for Megacities and
\reas” , centred at the AbdUs
Sdladm International Center for

Theoretical Physics, a deterministic
approach has been developed and
applied to several urban areas for the
purpose of seismic microzoning.
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ergy spectra
a wide distribution
energy in the most relevant

frequency range from the
engineering point of view.




S can be fr
and analysed by C
engineers for design and

reinforcement actions.




ims  supply
arly  powerful a
economical tool for the

prevention and preparedness
aspects of Civil Defence.
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The Profiles for Tangshan Earthquake

397 48°
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1167 18 1167 24" 116" 30"



The Local Structural Model and the Synthetic
Seismograms along Profile TS02
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bottom figure outline
the three sediment
layers.

Radial, transverse
and vertical
components of the
synthetic ground
acceleration




The Local Structural Model and the Synthetic
Seismograms along Profile TS03
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The Local Structural Model and the Synthetic
Seismograms along Profile TS04
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RSR versus Frequency and Distance along TS04
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RSR of SH-waves at Selected Sites along Profile TS04
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The Profiles for Zhangbeil Earthquake

EtJ 200

Two profiles, ZB05 and
ZB06 are shown in the
figure.

The profiles point

al
:
J‘;
' towards to the
397 54/ epicenter of the 1998
Zhangbei earthquake,
which is located in the
i northwest.
' The numbers along the
39748 profiles are the

116" 12" 116" 18" 116" 24 116" 30" :
distances from the
epicenter, in km.
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The Local Structural Model and the Synthetic
Seismograms along Profile ZB05
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AMAX, AMAX(2D)/AMAX{1D) and W(2D)/W({1D)
for SH-wave along Profile ZB05
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RSR of SH-waves at Selected Sites along Profile ZB05
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The Local Structural Model and the Synthetic
Seismograms along Profile ZB06
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7 Zone T

Different Site Effect Zones in Beljing City
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Different Site Effect Zones in Beljing City
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UNESCO-IUGS-IGCP Project
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Colonnz i Marco
Avrelic

against Marcomanni.




solid soil
well preserved

between

two central rocchi.
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Dislocation of about 8 cm between rocchi IX and X of Colonna di Marco Aurelio
(from ITALIA 2004, 32" International Geological Congress; 15t Circular)




churc
Trignano

(@) 2.57Hz,
(b) 2.72 Hz




Trignano
(c) 6.26Hz,
(d) 9.22 Hz
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Accelerazioni spettrali attese (n=3)
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La normativa sismica

per la citta’ di Roma
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occur in Rome, as confirmed by realistic
modeling of seismic ground motion.
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comm. Pers., 2004).




la la sollecitazione sismica me
in grado di coprire ne’ la sollecite
botenziale sismogenetico incombente (st
sismica e sismotettonica), ne’ gli effetti locali che risultano
alguanto rilevanti (almeno un grado Iy~ in piu’) e riguardano

zone abbastanza ampie (e.g. valli alluvionali).

14

In considerazione del deterioramento delle proprieta
meccaniche del sottosuolo (e.g. effetto acque sotterranee),
negli ultimi cento anni, un terremoto simile a quello del Fucino
puo’ indurre in citta’ valori di intensita® superiori a quelli
osservati nel 1915.
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Event: Irpinia November 23, 1980 18:34.52

Station: Torre del Greco Distance: 77 km
Angle strikereceiver: 50.0°, dip: 65.0°, rake: 270.0°

Source depth: 7.0 km
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Modelling of seisg

activities are
presently in progress

IN many urban areas
around the Worla.




format shoule
'd by the determina
of advanced hazard indicators as,

for instance,
This can be achieved from a Jomt

use of synthetic signhals and
available observations.
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Characterizatio
rnecnanice

to the definition of
cenarios is a good
nowledge of the geotechnical properties
of the main constituents of the subsoil.

e The velocity models obtained from the
inversion of , when used
as input in waveform modelling, may
cause a significant




Characterizatio
rnecnanice

waves is a critical
on. As such refracted
Waves’Carry very little energy,
therefore they cannot be responsible
of real damage.

e Damage is caused by reflected or
surface waves, especially in soft soils.




Characterizatio
rnecnanice

Dzonation purposeé
the Iinformation obtainable

from the




Characterizatio
rnecnanice

ocities can be infe
rom the inversion of Rayleigh anc

Love phase and group velocities
determined with different
techniques,  like f(frequency)-
k(wavenumber),- SASW and FTAN
methods.










Group velocity (m/s)
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Dispersion curves of group velocity
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Phase velocity (m/s)
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A

Chnaracterizatio 2l soil
rnecnanice

eering geophysi
AN "method is particularly

suitable and  provides
accurate group velocity
measurements.




Characterizatio
rmecnanice

stic properties along
own, as well as the locatio
depth of the source, and

fundamental and higher modes are
excited, it is possible to determine the
gross values along the path, by using
the synthetic seismograms approach.
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group and phase velocity

Group and phase velocity can be defined as follows

where x 1s the distance source receiver, t, the
difference between the origin time and the starting
time of the analysed signal, ¢;; and ¢ are respectively

the phase of the recorded signal and the source
apparent initial phase, at the frequency w, and N 1s

an integer that can only be determined empirically.




group and phase velocity

d(w) is a weak function of
w dd(w)/dw

On/the other side, especially




group and phase velocity

¢ = ox/[0t +(0¢(w)£2mON)/w ] (3)

where 0x, Ot, 0¢,(w) and ON indicate the
difference between the quantities appearing in
(2) as measured at the two stations. For more
details see e.g. Panza (1976).







