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Effettl di sito: Valle di Gubbio
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La banda di frequenza amplificata dipende
@ dalla struttura del sottosuolo

Depth [m]

B e e e e
0 500 1000 1500 2000
S-wave velocity [m/sec]

1 - Resonance due to impedance contrasts, 2 - Focusing due to subsurface topography,
3 - Body waves converted to surface waves, 4 - Water content, 5 - Randomness of the
medium and 6 - Surface topography
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MZS - Engineering Seismology

MEXICO CITY EARTHQUAKE
Sepiember 19, 1985

Response spacira caleulated
from ground motion at Ministry
of Communication for 5%
damping
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Michoacan 1985 event:
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Tenochtitlan and Mexico City (DF)

La ciudad de Tenochtitlan y su entorno en el
siglo XVI Pintura de Miguel Covarrubias,
Museo Nacional de Antropologia, México

TEOTINVACAN

The actual boundaries of the World Heritage
Property follows the boundaries of the
Historical Monuments Zones, according to the
limits of the city in the 19th century (perimeter
A), and a buffer zone (perimeter B)

Ca ‘(‘-)‘Qlc earth
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ACCELEROGRAPH

SEVERELY DAMAGED BUILDING
COLLAPSED BUILDING

~/ ZONE WITH MANY COLLAPSED
1 AND 2 STORY HOUSES
(BRICK AND ADOBE)

480,000m E 49 50 w— Main Avenues
Quaternary Deposits
> . | Qv: Basaltic and andesitic lava,
GI: Lacustrine Deposite Qal: Alluvial Deposive | ashes and epiclastic deposits
Modified Flores-Estrella et al.
Pllo Quatemary Deposite (2007) and Singh et al.(1989)
- T?c: Erlclaeﬂc deposits and Tqv: Andesitic and rolitic
alluvial fane domes and lava flows
Upper Tertiary Yolcanic Rocks
. . UVl Tv: Andesitic and dacitic
el bl sty o lava flows
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Michoacan 1985 event: GM in DF
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Michoacan 1985 event: damage in DF

Wreckage of a twenty-one-story building in
Conjunto Pino Suarez Complex

Totally destroyed office building in the foreground,
while the 44-floor Torre Latinoamericana office
building, in the background on the right, stands



Response spectra

Building Response Mass on a B -
Leaf Spring W/ ~5% Damping
The Free )
Oscillation - (a)
~/ S 0
BN
-0.4° '
0 10 20 30
Time, sec
Figure 1. The response-spectrum value is the peak motion 1
(displacement, velocity, or acceleration) of a damped single-degree of 0- () (©)
freedom harmonic oscillator (with a particular damping and resonant 4
period) subjected to a prescribed ground motion. 20
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and 7, = 0.5, 1, and 2 sec; (c) deformation response spectrum for ¢ = 2%.
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Pseudo Velocity and
Pseudo accelerations




Since PSV and
PSA are obtained e T AL I S A
by SD  simply 505\\
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Response spectra

ritically damped system (£ =1).

2. Overdamped system (£ >1).

3. Underdamped system (£ <1)

x(t)A
1 - Overdamping
2 - Cnitical damping
Az 3 - Underdamping

Time, sec

-

La risposta
del O0SC
dipende dalla

sua frequenza e
dallo
smorzamento!
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Born: 21 March
1768 In Auxerre,
Bourgogne,
France

Died: 16 May
1830 in Paris,
France
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FIGURE 5.B1.2 A discretized version of Eqg. (5.1.1), showing how a sum of harmonic terms

can equal an arbitrary function. The amplitudes of each harmonic term vary, being prescribed

by the amplitude spectrum. The shift of the phase of each harmonic term is given by the
phase spectrum. ‘“




Fourier spectrumem) = flt)explimt)t

A In what way are there two numbers at each frequency? From basic
complex number theory:
e'g

=Cc0sg +ising
A Using this, the definition can be rewritten as:

G(W) = }"p(t)[cos(wt)+ i sin(wt)|dt

AThus, the
definition can be a(w) =
rewritten as——

e
AThe two numbers .
at each frequency b(w) = R
are a(y¥y) and E@
(for g(t) real).

(t)COS(Wt)j'[ cos([1t) even function

Q’[)Sin)(W t}it sin(71t) odd function

G(w) = a(w)+ib(w) " Soore, 2004
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o

iy n2pt .
t)= | mn | bﬂ
f(t) > ﬂ,z::l 4 cos |~ sin

1 rIr2
ay = — f(t)cos A dt
-T2
1 iz N2t
b, = —f f(t)sin [ = | dt
T (t) T
with

NIVERSITA
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n positive integer

Term number

10

Fourier terms

-T2 172

Time

S. Stein & M. Wysession




Fourier spectrum G(w) = fg(t)expliwt)dt

a(w) = Qf'p(’[)COS(W’[)it

o) = Flt)sin(w i

G(w) = a(w)+ib(w)

It is very useful to define the Fourier Amplitude Spectrum:

G(w) =/(a*(w) +b*(w))

and the Fourier Phase Spectrum: b(
f(w)=tan™ A

w)
Modified from D. Boore, 2004 W)



Some properties of the Fourier Transform A

LinearityAla, f,(t) +a, f, (t)] = a.Af, (W) + a,Af, (W)
Derivativé| f ™ (1)] = (im)"Af ()
shitt: AT (t- a)]=e"Af (W)

-Convolutiod| f, (t)* f,(t)] :Atﬁfl(z‘) fo(t- £)dr = Af, (W)Af, (W)

Applications: linear system (source*path*site*instrument), time-delay of propagation
(e.g. array analysis), solving

Parseval identity H f (t)Hz — HAf (W)HZ

(sum of the square values)



Courtesy of D. Boore

Fourier spectrum

Add the following 3 sinusoids:




Fourier spectrum

This shows the summation of the 3 sinusoids to produce the
total signal (top) and the Fourier amplitude (bottom)

freq & —

freq 3 —

freq b

total

L R R TR R T
SR

H H Courtesy of D. Boore
. ]

0 1 2 3 d 5 = 7 a
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Some properties of the Fourier Transform A

-Linearity: A-aif (t)+a,f (t)] = a,Af, (W) +a,Af, (W)

N

Derivative:  Alf ™ ()| = (in)" Af (w)
shie Alf(t- a)|=eAf (W)

-Convolution: Al f,(t)* f,(t)] :Aﬁfl(z‘) f,(t- ¢)dt = Af (W)AF, (W)

Applications: linear system (source*path*site*instrument), time-delay of propagation
(e.g. array analysis), solving

Parseval identity H f (t)Hz — HAf (W)HZ

(sum of the square values)
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Amplitude spectra

Phase spectra
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0 1 2 éeeéeé sampling
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ N Intervals with spacing dt
Duration T of the whole signal
O dt 2dt éeéedmet[sINdt =T T=N*dt

Sampling N intervals of width df

fy -fytdf eé

df=1/T

Nyquist frequency: f,=1/(2*dt)
N Frequency [Hz]f N*df=2f,

df=2f \/N=1/Ndt=1/T

df depends on the window length

df dt=1/N



dt=1s;
fy=0.5Hz
f>0.5Hz cannot be retrieved en
(Periods T< 2 s)

The red curve has a period of T=1.1s
red: freg>Nyquist
Look at the blue curve!!!

Due to Aliasing the data must be low-pass filtered before the
analog to digital conversion (anti-alias filter). The corner
frequency of the filter 0.8fy
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Input: Time signal
signal y(t)

i

it

fs=1/dt

_-i.-._

fxlyquis’[= fs/2

FT

ﬂﬂmf SN/

w=2pf=2p/T (angular frequency [rad/s])

Fourierspectruny (w)

Sinus formPeriod T

AVANE

les fs

A

g

.
T

(time) Aliasing
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Some properties of the Fourier Transform A

Linearity:  Ala, ,(t) +a, f,(t)]| = aAf, (W) + a,Af, (W)
Derivative: AT (©)]=(im)"Af (W)
shift  Alf(t- a)]=e"Af (W)
-Convolution: A[f (t)* f,(t)] :Atﬁfl(z‘) f,(t- ¢)dt = Af (WAF, (W)

Applications: linear system (source*path*site*instrument), time-delay of propagation
(e.g. array analysis), solving

Parseval identity H f (t)Hz — HAf (W)HZ

(sum of the square values)



y+2Bwy+wly=~a(t)

acceleration racord a (t)

(S,
(S,

(s ),..,

ﬂ/\
AEAT

tima axis
earthquake input system of single degree 'system response . output:
of freedom oscillators expressed ~ response spectrum
differing periods T,... T, in modal velacity of the modal velocity

cond. damping 8,

Fig.7: Schematic presentation of the construction of response spectra.

Courtesy of G. Grunthal
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< Tkl * x(1) = RELATIVE MOTION OF
m WITH RESPECT TO
—y(t) GROUND

_ﬂ_J K y(t) = ABSOLUTE MOTION OF
c ~ m WITH RESPECT TO

—al(t) "FIXED" REFERENCE

GROUND

S > a(t) = ABSOLUTE ACCELERATION
7%
“EIXED" REFERENCE OF GROUND WITH RESPECT

TO "FIXED" REFERENCE

EQUATION OF MOTION OF m: X+ 2w,k +w,2x = —-a(t)

WHERE: w, = /k/m = NATURAL FREQUENCY; T= 27 = PERIOD

n
[ =c/2mw, = FRACTION CRITICAL DAMPING
2. Overdamped system (¢ >1). GENERAL SOLUTION:

t
3. Underdamped system (& < 1) x(t) = —w—]r-g— f a(t)e™ @t gin w_ /1-C2(1-1)dT
n - o}

DEFINITION OF RESPONSE SPECTRA:
1 - Overdamping SD = |x()|mex = RELATIVE DISPLACEMENT

It
t

2 - Cntical damping

A 3- Undér()'mn,')rncf RESPONSE SPECTRUM

SV = |k(1)|mex = RELATIVE VELOCITY
RESPONSE SPECTRUM
SA = |§(]mes = ABSOLUTE ACCELERATION
" ¥ RESPONSE SPECTRUM
PSV = w,SD = 27 op = PSEUDOVELOCITY

A SPECTRUM _
' . 2
PSA = w,2SD = (%’1) SD = PSEUDOACCELERATION
SPECTRUM
after Bolt

! DEGLI STUDI
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Some terminology

Hazard: A dangerous phenomenon, substance, human activity or
condition that may cause loss of life injury, or other health impacts,
property damage, loss of livelihoods and services, social and
economic disruption, or environmental damage (UNISDR, 2009).

Exposure: People, property, systems or other elements present in
hazard zones that are thereby subject to potential losses
(UNISDR, 2009).

Vulnerability: Characteristics and circumstances of a community,
system or asset that make It susceptible to the damaging effects of a
hazard (UNISDR, 2009).

Risk: The combination of the consequences of an event (hazard) and
the associated likelihood/probability of its occurrence
(ISO 31010, 2009).
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