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Seismic hazard and environmental
Impact of earthquakes

Mr. Eutizio Vittori
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Nature and origin of
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Theory by H.F. Reid to explain the origin
of the San Francisco eqg. In 1906 (ground

earthquakes: deformation from benchmarks).
Elastic rebound model

Mr. Eutizio Vittori
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Fault slip and wave propagation

Mr. Eutizio Vittori
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Fault slip and wave propagation
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hypocentre Compression waves (P): 4-8 km/s
Shear waves (S): 2,3-4,6 km/s
epicentre Rayleigh (R): 2,7 km/s

Love waves (L): 3 km/s

Mr. Eutizio Vittori
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Earthquake distribution
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Epicentres of about 30,000 earthquakes registered during 1961-1967 (USGS)
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Volcano distribution

Distribution of over 500 active volcanoes, hot spots, subduction zones, oceanic
troughs, faults, continental collisions

Mr. Eutizio Vittori
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Plate tectonics

Mr. Eutizio Vittori
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Lithosphere in motion
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Relevance of earthquakes

Victims in the world in the last 1,000 years

3,000,000

Victims in the world from 1926 to 1950
350,000

Victims in Italy in the last 100 years

> 150,000 ?

Mr. Eutizio Vittori
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Major Italian earthquakes in the last century

Date

1905
1907
1908
1910
1911
1914
1915
1917
1919
1919
1920
1928
1930
1930
1933
1936
1962
1968
1976
1980

Area

Calabria
Calabria
Messina
Irpinia
Monte Etha
Monte Etna
Fucino
Val Tiberina
Mugello
Monte Amiata
Lunigiana-Garfagnana
Friuli
Irpinia
Anconetano
Maiella
Veneto-Friuli
Irpinia
Belice
Friuli
Irpinia-Basilicata

Intensity

X
IX
Xl
IX
X
X
Xl
IX-X
IX
IX
X
IX
X
IX
IX
IX
IX
X
IX-X
IX-X

Victims

557
167
>100,000
50
13
69
32,610
20
100
1
171
11
1,778
18
12
19
17
231
965
2,914

wounded

2.000
90
many
many
48
115
many
30
400
20
650
40
4264
several
150
several
several
623
3000
10000

(source SSN)

Mr. Eutizio Vittori
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Major earthquakes of the last century

San Francisco 1906, M= 7.8 750 victims oy

Mr. Eutizio Vittori
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Major earthquakes of the last century (fonte SSN)
Reggio Calabria and Messina 1908, M= 7.2 >100,000 casualties ?
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Mr. Eutizio Vittori
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Major earthquakes of the last century
Alaska 1964, M= 8.4 136 casualties

Mr. Eutizio Vittori
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Major earthquakes of the last century
Mexico 1985, M= 7.0 >10,000 casualties

Mr. Eutizio Vittori
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Major earthquakes of the last century
Kobe 1995, M= 7.2 5,500 casualties

Mr. Eutizio Vittori
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Seismic risk

R=V*E*P

V = Vulnerability: attitude of goods at a site to suffer a certain level of
damage due to a given level of shaking

E = EXxposition: economic value of the goods and their use

P = Seismic Hazard: probability to exceed a given level of shaking at a site
whitin a given time span

The hazard depends solely on the natural phenomen (more in general a hazard is any
source of potential damage)

the risk is the likelihood of harm due to a hazard and depends on human variables.
The hazard is fixed, but risk can be mitigated.

Mr. Eutizio Vittori
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Sannio earthquake
1688

Mr. Eutizio Vittori
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The most
dramatic seismic
sequence in ltaly
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1676 to have another IX intensity at least

1688 -April, 11 Romagna IX
1688 -May, 31 Fano VIl
1688 -June, 5 Benevento XI
1690 -December, 4 Villaco Venezia VI -IX
1690 -December, 23 Ancona Vil
1692 —October, 24 Fano Vil
1693- January, 11 Vai di Noto XI
1694 -September, 8 Avellino -Basilicata Xl
1695 February, 25 Asolo X
1695 -June, 11 Bagnoregio IX
1700 -July, 28 Carnia VIl
1702- March, 14 Benevento X
1703 -January, 14 Norcia X -XI
1703 -January, 16 Montereale XI
1703 -February, 2 L'Aquila Xl
1706 -November, 3 Maiedla Xl

1717 to have another IX intensity at least

Mr. Eutizio Vittori
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How do we measure earthquakes ?

Magnitude Intensity
(instrumental data ) (macroseismic data )

Ground motion Effects on environment, man and
structures

Mr. Eutizio Vittori
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Wave propagation

= mene GEPCTON Of travel of waves
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Mr. Eutizio Vittori
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Seismograph
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Seismograms
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Magnitude “Richter” (1935)

Reference seismic station e —— "
seismogram -

(at 100 km from epicentre)
Reference earthquake: M=1 LI
Oscillation amplitude: 0,001 mm

I 24 socnmls
Amplitude registered oscillation

M=log,, -------m-mmmmmmmmm -
Amplitude reference oscillation

magnitude

Seismic station at 100 km from epicentre

]

a
Ampliude (mmj

".1:|!l,|: iiude

Dhistance 5=P
(klomelers)  (seoonds)

MagnltUde R|Chter (Iogar|thm|c Scale) I':I-._".._n|'n|::|_|||'-||. il I'-i!n_'l'.l_.._'.: "':1:|_!::|.|:|||I|_' I'?‘f“'l for 3 local earthguake (from Baoli,
Amphtude Of m0t|0n Fiir |I|-_|||.|_a._|_--1 Frecman & OO0, San Francisco

Mr. Eutizio Vittori
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Earthquake Magnitude Classes
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25 erless  Thaually net B, but can be recarded by seimograph ; 200,000

251054 Gﬂ:uﬂl.bmnnh;:mumdmu;: ' 30,000

551060 Mmmuﬁm-ﬂdmwﬂ " lsoo 4
611065  May cmuse alot of damage in very populated areas. 100

7078 Major carthquake Snmudamngm 20

Eﬂnrgn:lt:r E‘:ltl:mhqul: Emmmﬂr:lﬂb:nrmmmﬂﬂn:lrﬂ'm r]m::nn:f ﬂm:myﬁtn'lﬁjmm

Mr. Eutizio Vittori
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Focal mechanism
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Distrilnezione curmudata degli eventi sisrmict in fiarezione della magnitucdo
dal 1 gen. 1983 al 5 otl. 1997 (Regione italiana)
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Mr. Eutizio Vittori
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How do we locate an earthquake ?

Ground motion Effects on environment, man
and structures

< .
Dromocrones Intensity

Mr. Eutizio Vittori
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Instrumental location

Dromocrones
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Instruments: ¢ e
eShort period 1 sec \
sLarge band > 20 sec Y
*Analogic AP ~

Digital

1 or 3 components
stransmission real time or near real time to .
operation room

in radiofrequency, dedicated telephone lines,
satellite and internet.

Mr. Eutizio Vittori
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Mr. Eutizio Vittori
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How do we measure earthquakes ?

Magnitude Intensity
(instrumental data ) (macroseismic data )

Ground motion Effects on environment, man and
structures

Mr. Eutizio Vittori
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- Sisma non percepito dall’'uomo; registrato solo dai sismografi.

11 - Percepito ai piani alti delle case (i quali oscillano pia dei piam
a terra) da persone sensibili. ‘ o
1l - Percepito da pit persone, oscillazione di oggettl appesi e vi-
. brazioni.
IntenS|ty IV - Oscillazioni ¢ vibrazioni anche di automezzi, tintinnio di ve-
tri, vibrazioni di vasellame, scricchiolio di pareti.
V - Scossa che sveglia chi dorme, scricchiolii, tintinnii, spavento,
cadono calcinacel.
V1 - Fa fuggire le persone all’aperto, produce rumori ¢ boati, fa ca-

dere oggetti pesanti, provoca qualche lesione agli edifici.
Yil Provoca panico, caduta di intonachi, camini e tegole, rottura
Effects on man, di vetri, :.II)anui di scarsa entita ai muri, piccole frane in mate-
StrUCtureS, riali sciolti, suono di campane, onde sugh sgecchi d’acqua.
. VIl - Si sente anche guidando automezzi, danneggia murature an-

environment che buone ma non di cemento armato; provoca la caduta di
torri, palizzate, alberi ¢ I'apertura di crepacci nel suolo.

IX - Distrugge edifici non particolarmente resistenti, rompe tuba-
zioni sotlerranee, provoca ampi crepacel nel terreno, apre cra-
teri con espulsione di sabbia e fango.

X - Distrugge buona parte degli edifici, danneggia dighe ed argi-

Scale MCS ni, devia fiumi e rotaie, provoca grandi frane, sposta orizzon-

Mercalli — Cancani — Sieberg talmente i terreni che si sono [es-:-urati. _ .

1930) X1 - Rovina completamente gh edhfici, rompe ogmi 1u!:r31_ru:|_nE, tronca
( le comunicazioni, provoca un gran numero di vittime,

Distrugge ogni opera umana, sposta grandi masse rocciose o

vasti tratti di terreno in cui si aprono larghi crepacci, lancia

in aria oggetti, provoca grandi frane e pud causare migliaia di

vitlime.

Xl

Mr. Eutizio Vittori




co | . ' APAT-EEA General Training Workshops — Advanced Seminar 2008
Em.'ﬁi ] 2 Environmental and Soil Management Systems

| degree: Pane, amore e gelosia Il degree: i diavolo alle quattro
(L. Comencini) 1954 (M. Le Roy) 1961

lll degree: Thesisters IV degree: san Francisco
(L. Comencini) 1938 (W. Van Dyke) 1936

Mr. Eutizio Vittori
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Cinema e
terremoti

V degree: Terremoto VI degree: Flame of barbary coast
(M. Robson) 1975 (J. Kane) 1945

VIl degree: sodomae Gomorra VIl degree: Terremoto
(R. Aldrich e S. Leone) 1962 (M. Robson) 1975

Mr. Eutizio Vittori
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Cinema e
terremotl

IX degree: Thesisters X degree: superman
(L. Comencini) 1938 (R. Donner) 1978

XI degree: san Francisco Xl degree: rantasia
| (W. Van Dyke) 1936 (W, Disney) 1940

Mr. Eutizio Vittori
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Intensity
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Depends on:

Natural factors

magnitude
Hypocentral depth
Epicentral distance

duration
number and type of shakings
Carta del ground nature and morphology (local conditions)

Terremoto di San Severo, 1627

Human factors

Type and shape of buildings and foundations

Mr. Eutizio Vittori
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ground nature and morphology (local conditions) Intensity

earthquake ground motions
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ground nature and morphology (local conditions)
Differential damages to Colosseum

Intensity

Valle alluvionale recente (Olocene) s s e L
Valle alluvionale antica (Pleistocene medio)_?:" : 1....q-.-p..,,.;'_.,: e ~ .
A) Riporti (Olocene) . :
B) Alluvioni (Olocene)
C) Unita Aurelia (Pleist. medio) Skt £
D) Tufi antichi (Pleist. medio) ;'_:: N L
E) Unita b Paleotevere 2 (Pleist. medio) . :'l::'-'-}-.-';_"'— -— -__.- G | Bl
F) Unita a Paleotevere 2 (Pleist. medio) - 55 = T

EE

G) Bedrock (Pliocene sup.)

- |
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Intensity Scales XX century

Scale MCS (Mercalli — Cancani — Sieberg), 1930

Good for historical events: does not consider the different building types

Scale MM (Modified Mercalli), 1931

Scale MM (Modified Mercalli), 1956

Considers the different building types (4 classes) but not their quality

Scale MSK (Medvev — Sponheuer - Karnik), 1964

Takes into account type of building (3 classes) and level of damage (%)

Scale EMS (European Macroseismic Scale), 1992

Increasing influence of construction type

Mr. Eutizio Vittori
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MERCALLY MEDYEDEY
MOEHFTED ROS5] Tl T, 1) | SFONHELUER
MERCALLI POREL . SIEBERG EARMITE

Comparison among

Intensity scales
(Reiter, 1990)

Mr. Eutizio Vittori
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How do we locate an earthquake ?

_ Effects on environment, man,
Ground motion structures

Dromocrones Intensity

Mr. Eutizio Vittori
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Macroseismic location
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Mr. Eutizio Vittori
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s,
842

Magnitude and Intensity compared

Magnitude Intensity
wide
Time window ()?)azr;(;vcv) (historic documents for more than 2,000
' years)

Reading and interpretation of
documents

variable reliability in different time
periods
reliability Instrumental data
Variable need in different countries
to moderate or accentuate the actual
damage level

influence of man and his structures

Mr. Eutizio Vittori
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he intensity scales

Effects

Intensity
(MSK) (MCS)

-Cracks in saturated soil and/or loose alluvium up to 1 cm,

- in saturated soil and/or loose alluvium a few cm,

- in saturated soil and/or loose alluvium up to 10 cm,

- in saturated soil and/or loose alluvium a few dm up to one m
- on road backfills and on natural terrigenous slopes over 10 cm
- on the dry ground or on asphalted roads

-Faults in terrigenous terrains and in rocky terrains

-Liquefaction and or mud volcanoes and/or subsidence

-Landslides in sand or gravel dykes

- in terrigenous slopes

-Rockfalls

-Clouding in the closed water bodies and formation of waves

-Water bodies new formation

-Flooding

-Water level variation of the groundwater level and the flow rate of springs

VI
VIl
IX
X
VIl - IX
VIl = Xl
XI - XIl
IX-X
VIl - X
VI - Xl
X=Xl
VIl - IX
VIl = XII
X=Xl
V-X

Vi
X-Xl
X=Xi

VIl - VI

Xl

X
VIl - X

Mr. Eutizio Vittori
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Colfiorito 1997

Cerda 2000
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Anchorage, Alaska
1964
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Montenegro, 1979

Kobe, 1995

Niigata, 1964 San Fernando 'CA 1971
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PROJECT:

NETWORK BY CAPABLE FAULTS IN THE ETNEAN
ON (EASTERN SICILY)

0 DI MANNA (*), Roberto SERAFINI (*), Claudio NUMA (¥),
ENNATO (*), Fabrizio VASILE (**),
NTI (**), Antonino BRANCATO (**)

e B

Project |

e%,' parther

*[talian Agency for Environment Protection and for Technical Services (APAT)

Project partner:

**Regional Agency for Environment Protection of Sicily (ARPAS)
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Main project

The experience acquired in the field during the earthquake of 2002 in the Etna region in Eastern Sicily has
suggested the need for an effective tool for the reduction of environmental risk related to surface faulting,
either during emergencies and in the planning and assessment stages. So, a georeferenced database has
been created, where capable faults and water supply are overlapped and intersections (zones of expected
peak damage and failure) easily evidenced.

Programme activities

1) Collection of data regarding capable faults (from published reports, scientific papers, field analyses and
paleoseismological analyses — ITHACA DB)

2) Collection of data regarding water supply networks (outlet, wells, springs, water pipes, etc.., from water
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Programme activities

3) Data verification by field surveys.

4) Compilation of geodatabase (capable faults and water supply network ).
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Main results

1) Identification of intersections between faults and water pipes (zones of expected peak damage and failure -
highest vulnerability).
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Main results

2) Availability of a fundamental tool, when facing the problem of land planning in so vulnerable zones and during the
emergency, when it is crucial for the environmental agency to quickly verify the integrity of the water network and
find the ruptured and leaking points, where contamination is to be expected from other networks, e.g. the sewage
system.

3) Successful participation to an international civil protection exercise, simulating a strong earthquake in eastern
Sicily (EUROSOT 2005).
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Future activities planned

*Now the project covers the Etna volcanic region, the most vulnerable in Sicily, but it is under
evaluation its possible extension to the whole Sicily.

«|It is planned for the next future, depending on available resources, to overlap the capable faults data
with other environmentally-sensible networks (gas, oil pipes, sewage, etc..) or important human
structures (roads, railways, strategic buildings, environmentally-sensible industrial plants, etc..).

*The same strategy can be applied to landslides and flood-prone areas
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In the XVIII century the great philosopher Immanuel Kant, in
his dissertation inspired by the Lisbon eq. of 1755, stated.:

“Earthquakes have revealed to us that the Earth surface is
made of vaults and caverns and that under our feet hidden
galleries and an infinite number of labyrinths extend
everywhere. The description of the earthquake will clarify
this point leaving absolutely no doubts about it.”

Sic est...
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