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Introduction



Course objectives and structure

The course is  d iv ided into several  teaching units .

Speci f ica l ly :

• Seismic source

• Seismic waves

• Seismological instrumentat ion

• Seismic monitoring ,  

• Seismic networks (short  period,  broadband,  accelerometer)

• Seismic s ignal  analys is (t ime and frequency domain analys is ,  Fourier  transform, f i l ter ing)

• Local izat ion of  events

• Main character ist ics of  seismic motion

• Strong ground motion parameters (PGA,  PGV,  PGD, Arias and Housner intensit ies ,  PSA03,  PSA10,  PSA30).

• Natural  and induced seismic act iv i ty  monitor ing (s i te  effects ,  microtremors ,  H/V technique (HVSR) 1D and 2D 
s i te response

• Soi l /structure interact ion



Final Examination

Individual practical test (Processing of an
earthquake or microtremor signal) and oral . A
recording of an earthquake or microtremors wil l be
provided and asked to analyze it in the time and
frequency domains using the techniques acquired
during the course.

The practical part wil l be fol lowed by an interview
with quest ions on the topics covered in the course.
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Teaching materials

New manual of  seismological  observatory pract ice - P Bormann - 2002

New Manual of  Seismological  Observatory Pract ice – NMSOP

Seismic Analysis  Code Users Manual

https://ds. iris.edu/fi les/sac -manual/

Geopsy project (manual)

https://www.geopsy.org/documentation/geopsy/

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiSssCuoaL2AhVh8rsIHc0eAcoQFnoECAcQAQ&url=https%3A%2F%2Fmoodle2.units.it%2Fpluginfile.php%2F294221%2Fmod_resource%2Fcontent%2F1%2Fmanual_seismological_observatory-2002.pdf&usg=AOvVaw1FV8d_lYih4C5QnBIT4slj
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiSssCuoaL2AhVh8rsIHc0eAcoQFnoECAcQAQ&url=https%3A%2F%2Fmoodle2.units.it%2Fpluginfile.php%2F294221%2Fmod_resource%2Fcontent%2F1%2Fmanual_seismological_observatory-2002.pdf&usg=AOvVaw1FV8d_lYih4C5QnBIT4slj
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiSssCuoaL2AhVh8rsIHc0eAcoQFnoECAcQAQ&url=https%3A%2F%2Fmoodle2.units.it%2Fpluginfile.php%2F294221%2Fmod_resource%2Fcontent%2F1%2Fmanual_seismological_observatory-2002.pdf&usg=AOvVaw1FV8d_lYih4C5QnBIT4slj


Ricevimenti

Giovanni Costa – costa@units. it

By appointment



Most of what we know today about the Earth's internal structure and physical properties, and thus
about the internal forces that drive plate motions and cause major geologic features, has been derived
from seismological data. Seismology continues to be a fundamental tool for investigating the
kinematics and dynamics of geological processes at all scales. With continued advances in seismology
we hope to better understand, predict and utilize our geological environment and its driving processes
with their benefits and dangers to human society.

Reference: NMSOP - Peter Bormann 7



Seismic

source Earth Recorder

System or filter
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Seismogram



Diagram illustrating seismology as an analysis of a complex information system linked to a variety of specialized and interdisciplinary 
research tasks and applications.
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To determine the focal mechanism we need three parameters:
Two for the fault plane and one for the slip direction:
Φ → the strike of the fault: Fault strike is the direction of a line created by the intersection of a fault plane and a horizontal surface, 0° to 360°, relative to North.
Strike is always defined such that a fault dips to the right side of the trace when moving along the trace in the strike direction. The hanging-wall block of a fault is
therefore always to the right, and the footwall block on the left. This is important because rake (which gives the slip direction) is defined as the movement of the
hanging wall relative to the footwall block
δ→ dip angle: Fault dip is the angle between the fault and a horizontal plane, 0° to 90°
λ → Rake is the direction a hanging wall block moves during rupture, as measured on the plane of the fault. It is measured relative to fault strike, ±180°. For an
observer standing on a fault and looking in the strike direction, a rake of 0° means the hanging wall, or the right side of a vertical fault, moved away from the
observer in the strike direction (left lateral motion). A rake of ±180° means the hanging wall moved toward the observer (right lateral motion). For any rake>0, the
hanging wall moved up, indicating thrust or reverse motion on the fault; for any rake<0° the hanging wall moved down, indicating normal motion on the fault.
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For rake there usually are used two conventions:
1) -180°<λ ≤ 180° by Aki & Richards, 1980
2) 0≤ λ<360° by Panza et al, 1973

Strike-slip fault: 1)   λ=0° left - lateral
2)   λ=180° right - lateral

Normal fault: 1)   -180°< λ<0°
2)   180°< λ<360°

Reverse fault: 1)   0°< λ<180°
2)   0°< λ<180°
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The fault
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Schematic classification of various types of events that generate seismic waves.

Da: New Manual of Seismological Observatory Practice – NMSOP 
CHAPTER 2: Seismic Sources and Source Parameters (Peter Bormann, Michael Baumbach, Günther Bock, 
Helmut Grosser, George L. Choy and John Boatwright) 
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Ie three velocity components of the digital proportional ground records of P and S
waves from a local event, an aftershock of the Killari-Latur earthquake, India
(18.10.1993), at a hypocentral distance of about 5.3 km.

Da: New Manual of Seismological Observatory Practice – NMSOP 
CHAPTER 2: Seismic Wave Propagation and Earth Models (P. Bormann, E. R. Engdahl and R. Kind) 
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Top: Seismic ray paths through the Earth's mantle (M), outer core (OC) and inner core (IC)
with respective phase symbols according to international nomenclature. Solid lines: P rays:
dashed lines: S rays. Red rays refer to body waves related to broadband 3-component
Kirnos SKD seismograms recorded at the MOX station in Germany for an earthquake at an
epicenter distance of 112.5°.

Da: New Manual of Seismological Observatory Practice – NMSOP 
CHAPTER 2: Seismic Wave Propagation and Earth Models (P. Bormann, E. R. Engdahl and R. Kind) 
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2 tipi di sensori sismici:

Estensimetri e clinometri. Misurano 

il moto relativo di un punto rispetto 

ad un secondo punto

Inerziali. Misurano il moto del suolo 

relativo ad una massa sospesa 

2 types of seismic sensors:

Strainmeters and clinometers. 

They measure the relative motion of 

a point with respect to a second point 

Inertial.

They measure the motion of the 

ground relative to a suspended mass
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Pendoli di Grotta Gigante

LBP
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11/1/66 11/1/70 11/1/74 11/1/78 11/1/82 11/1/86 11/1/90 11/1/94 11/1/98

years

NS 

EW

100 msec                 

LBP – Grotta Gigante SBP – Grotta di Villanova
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Example of LBP recordings. 

Visible are: annual effects (thermoelastic effects of upper crust layers); the tide; some effects

due to flooding of the Timavo underground river.
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Sismografo
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for sufficiently rapid ground motion a 

suspended mass will remain stationary and 

give us a reference point on which to 

measure ground motion

To measure the displacement of the ground 

on which the instrument rests, 

the principle of inertia
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Registrazioni sismologiche di alta qualità

1) Alta “percezione” (capacità dell’installazione di 

registrare quanti più eventi possibile).

2)  Completezza del data set  (registrazioni continue e 

stabili nello spazio e nel  tempo)

3)  Alta fedeltà delle registrazioni al movimento del 

terreno.

4)  Rappresentatività   dei dati rispetto alle finalità della 

rete.
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Chang Heng 132 a.c
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Bina 1751
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Cacciatore 1818
Wiechert 1903

TRI-117 WWSSN

Wood-Anderson 1922



STS 2

STS 2

STS 1 Guralp CMG 3T
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Accelerometri MEMS
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Rete Accelerometrica del FVG-Veneto
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Kecskemét 1911, M 5.6
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Friuli 1976 Ml 6.5 – Wood-Anderson
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Evento Lusevera 25 maggio 2002 Md: 2.5 dist.: 4 km

P

S

40



Evento Lusevera 25 maggio 2002 Md: 2.5 dist.: 4 km

Evento M. Nevoso 2 giugno 2002 Ml: 3.7 dist.: 101 km

Evento Taiwan 15 maggio 2002 Ms=6.2 dist.: 9357 km
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accelerazione

accelerazione

accelerazione

velocità

velocità

velocità
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Evento Carnia 6 maggio 2002 3:17:31.710

Strong-motion (acceleration)

Broadband (velocity)

Strong-motion (velocity)

Strong-motion (acceleration)

Broadband (velocity)

Strong-motion (velocity)

Strong-motion (acceleration)

Broadband (velocity)

Strong-motion (velocity)
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Strong-motion (acceleration)

Broadband (velocity)

Strong-motion (velocity)

Evento Carnia 6 maggio 2002 3:17:31.710
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FRIULI VENEZIA GIULIA ACCELEROMETRIC NETWORK (DMG)

NE ITALY BROADBAND NETWORK (OGS/DMG)

SEISMIC NETWORK OF THE REPUBLIC OF SLOVENIA (ARSO)

SEISMIC NETWORK OF AUSTRIA (ZAMG)

SEISMIC NETWORK OF CROATIA (UNIV. ZAGREB)

FRIULI VENETO SP NETWORK (OGS)

SOUTH TYROL BB NETWORK (PROV. BZ)

HAREIA PROJECT ACCELEROMETRIC STATIONS 
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10:54:20.000
2002332

10:54:40.000
2002332

10:55:00.000
2002332

10:55:20.000
2002332

10:55:40.000
2002332

10:56:00.000
2002332

10:56:20.000
2002332

10:56:40.000
2002332

ARSA HHZ

BAD SHZ

BUA SHZ

CAE SHZ

CEY HHZ

CIMO BHZ

COLI SHZ

CRES HHZ

CSM SHZ

CSO SHZ

CUSI BHZ

DRE SHZ

FAU SHZ

GEPF HGZ

LJU HHZ

LSR SHZ

MLN SHZ

MPRI SHZ

OBKA HHZ

PLRO SHZ

STOL HGZ

TRI HHZ

VINO BHZ
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Sismicità storica alpi sud-orientali
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BOVEC 1998

BOVEC 2004

Živčić, (Susans, 2007)

THE INTERREG IIIA PROJECTs

“TRANS-NATIONAL 

SEISMOLOGICAL NETWORK 

IN THE SOUTH-EASTERN ALPS” Trans-National 
Seismological Networks in 

the South-Eastern Alps
-

CE3RN

FASTLINK

Trans-National Seismological 

DATABASE 

2003-2015

BOVEC 1998

Monitoraggio sismica transfrontaliero
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Friuli Venezia Giulia 

Accelerometric Network – RAF

Irpinia

Seismic Network – ISNETRAN  - Syscom

RAN  - Kinemetrics

RAF

ISNet

RAN  - CESI

> 500 stations

Rete Accelerometrica Nazionale
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RAN – Dip. Protezione Civile, Roma (DPC)

RAF – Università degli Studi di Trieste

Progetto HAREIA – Interreg IV

ARPAV-DPC (Prog. HAREIA)

RAN – DPC (Temporanee)

Rete Accelerometrica Integrata
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Per determinare l’epicentro di un evento nel caso di velocità VP e VS siano conosciute nell’area e 
si abbiano a disposizione i tempi di arrivo delle onde P ed S a tre stazioni, si può calcolare la 
distanza di dell’evento d aogni stazione e determinare l’epicentro.
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STA – short time average                  PEM – Pre-event time
LTA – long time average                    PET - post event time

54



55



56

Un segnale registrato in funzione del tempo (a sinistra) può essere rappresentato in modo
equivalente nel dominio delle frequenza dal suo spettro di Fourier. L'ampiezza (in centro) e
lo spettro di fase (a destra) sono entrambi necessari per ottenere la serie temporale
completa.

Da: New Manual of Seismological Observatory Practice – NMSOP 
CHAPTER 4: Seismic Signals and Noise (Peter Bormann) 



SPETTRI DI RISPOSTA
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Magnitudo

.

A = ampiezza massima delle oscillazioni del 
terremoto che si sta osservando
A0 = ampiezza massima delle oscillazioni 
causate da un terremoto di riferimento
ɛ = fattore di correzione (distanza reale 
dall’epicentro, profondità dell’ipocentro)

La magnitudo, più propriamente, è un parametro atto a rappresentare l’energia
sprigionata da un terremoto. Viene calcolata sulla base di misure effettuate sul
sismogramma, maggiore è l’energia liberata dal sisma maggiori sono le ampiezze delle
oscillazioni registrate. Misurata per molti anni (simbolo M) tramite la Scala Richter, oggi
esistono diverse scale di magnitudo. Tutte le scale, a differenza della Scala Mercalli, non
sono decimali ma logaritmiche perciò la differenza di un’unità implica un potenziale
energetico di circa 30 volte maggiore o minore.
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( ) ( ) 3] [Eq       log-  Alog M 1010L =
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Fault slip models: the1976 and 1998 main shocks

Bajc, et al. GRL, 2001

Aoudia et al.,  GRL, 2000
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Tomografia
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Intensità
•Misura gli effetti di un terremoto sulle persone, sugli edifici e sul 

territorio. 
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Intensità



Relazioni PGA/PGV – Intensità 
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Schema sismogrammi relativi alla citta del Messico che mostrano l’amplificazione del bacino 
dove sorge Citta del Messico.



Effetti di sito

68



Effetti di sito
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Effetti Locali
(Risonanza)

EFFETTI LOCALI INDOTTI DA UN EVENTO SISMICO
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Effetti di percorso
(Focalizzazione)



H/V Rapporti spettrali - Nakamura





Stazione CARC - Borgo Teresiano - Trieste 
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CARC station HVSR

North components

30/08/2003 Friuli  Ml 3.8 

14/09/2003 Appennino Ml 5.0 

23/05/2004 Bosnia Mb 4.9 

12/07/2004 Bovec Mlb 5.1 

14/09/2004 Rijeka Mb 4.5

24/11/2004 Garda Mb 5.3

25/11/2004 Adriatico Mb 5.2 

(Fitzko et al., 2007) 

Palazzo Carciotti, Borgo Teresiano, Trieste
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CARC

DST

Palazzo Carciotti, Borgo Teresiano, Trieste
cm/s

2

s
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75

Una corretta valutazione del rischio sismico si basa sul confronto tra tre parametri determinanti:

1.Pericolosità sismica (P): coincide con la sismicità del luogo. Rappresenta la probabilità che 
terremoti di una certa entità si verifichino in una determinata zona e in un periodo specifico;

2.Vulnerabilità sismica (V): misura la disposizione di una costruzione a subire danni a causa di un 
sisma e la sua capacità o resistenza ad azioni sismiche;

3.Esposizione (E): incentrata sulla salvaguardia della vita umana, ipotizza l’insieme di vite umane e di 
risorse materiali che possono andare perduti per effetto del sisma.

La definizione del rischio sismico è quindi data dalla seguente funzione:

R = P x V x E



Microzonazione sismica

76

Mappa pericolosità sismica



Rapporto automatico, in tempo reale per la protezione civile
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Analisi automatica, in tempo reale, dei dati accelerometrici per la 
protezione civile
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Rapporto automatico, in tempo reale per la protezione civile

Periodo (s)

P
G

A
 (

cm
/s

2
)

Spettro di Rirsposta

Spettro di progetto
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http://ran.protezionecivile.it
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http://ran.protezionecivile.it
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Mappe di scuotimento in tempo reale

Correzione 

forme d’onda per 

effetti di sito 

(valori su roccia)

Registrazione 

sismica –

correzione 

strumentale

Estrazione 

parametri del moto 

del terreno (PGA, 

PGV, PSA…)

Definizione 

parametri del moto 

del terreno su 

griglia da valori 

sperimentali dove 

disponibili a breve 

distanza

Calcolo parametri 

del moto del terreno 

su griglia da 

relazioni di 

attenuazione 

“calibrati” per le 

stazioni “fantasma”

Introduzione degli 

effetti di sito sui 

nodi di griglia

Mappe di 

scuotimento
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Relazioni di attenuazione
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Relazioni PGA/PGV – Intensità 



Integrated networks in Southern  Alps area
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=Misfit

Stucchi et al. (2007)
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Tolmezzo

Ml 0.8

Ml 1.3

Ml 2.0
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Tolmezzo
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A system for "complete" seismic monitoring of a building
consists of a triaxial accelerometer on the ground to an N
accelerometers attached to the structure at the level of the
various decks.

A sufficient number of accelerometer components are
measured for each deck to completely reconstruct its
motion
All accelerometers are connected by cable to a central unit
that provides synchronized acquisition of signals and writes
them to a fixed memory (in case of exceeding certain
acceleration thresholds: seismic event)

Data are always referenced with absolute UTC time
obtained through a GPS antenna.

By means of an ADSL or UMTS connection, the data are
immediately transmitted to a server that processes them
and enters them into the data base

"complete" monitoring system

OSSERVATORIO SISMICO DELLE STRUTTURE



Modi elementari o modi naturali di vibrare
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