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1 Atlow frequencies(f <f, » 1Hz),the origin is essentiallynatural, with particularemphasison oceanwaves,which emit
their maximumenergyaround0.2 Hz Thesewavescanbe seenvery easilyon islandsand/or during oceanstorms Higher
frequencies(around0.5 Hz)are emitted alongcoastalareasdue to the interaction between oceanwavesand shorelines
Somelower frequencywaves(f <<0,1 Hz)are alsoassociatedvith atmosphericforcing, but this frequencyrangehasilittle

interestfor engineeringseismologyHigherfrequencieg> 1 Hz)mayalsobe associatedvith wind and water flows

1 At higher frequencieff >f_, » 1Hz)the origin is mostly related to human activity (traffic, machinery); sources are mostl
localized on the earth's surface (except for a few sources such as subways) and often show strong day/night and

week/weekendvariability. Translateavith DeepL.com (free version)
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Natural

Human

Name Microseism Microtremor
Frequency 0.1 —fpn (0.5 Hz to 1 Hz) fan (0.5 Hzto1 Hz) —> 10 Hz
Origin Ocean Traffic / Industry / Human activity

Incident wavefield

Surface waves

Surface + body

Amplitude variability

Related to oceanic storms

Day/ Night, Week / week-end

Rayleigh / Love issue

Incident wavefield
predominantly Rayleigh

Comparable amplitude — slight indication
that Love waves carry a little more energy

Fundamental / Higher
mode issue

Mainly Fundamental

Possibility of higher modes at high
frequencies (at least for 2-layer case)

Further Comments

Local wavefield may be diffe-
rent from incident wavefield

Some monochromatic waves related to

machines and engines. The proximity of
sources, as well as the short wavelength,
probably limits the quantitative importance
of waves generated by diffraction at depth
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z=10

b)

Patterns of generationof (a) primary and (b) secondary
microseismsL - low pressurearea of the cyclone, X -
interference area where waves with half the period of
oceanwavesdevelop

Primary ocean microseismsare generated only in shallow
waters in coastalregions Here wave energycan be converted
directly into seismicenergyby changesn vertical pressure,or
by wave splitting on the shores,which havethe sameperiod as
water waves(T>>from 10to 16 s). Comparethe spectraof the
microseismsthere is a closerelationshipbetweenthe two data
sets In contrast, secondary oceanic microseisms can be
explainedasgeneratedby the superpositionof oceanwavesof
equal period traveling in opposite directions, thus generating
mid-period standinggravitationalwaves Thesestandingwaves
causenonlinearpressureperturbationsthat propagatewithout
attenuation to the oceanfloor. The X-interferenceareacan be
off-shore where the propagating waves in one direction
generated by a low-pressure area L overlap with waves
traveling in the opposite direction after being reflected from
the coast But it could also be in the far deep ocean when
waves,excitedfirst at the front front of the low-pressurearea,
later interfere with wavesgeneratedby the cyclone'srear front.
The horizontal and vertical noise amplitudes of marine
microseismsare similar The motion of the particle is of the
Rayleighwave type, that is, elliptical polarizedin the vertical
propagationplane Translatedvith DeeplLcom(free version)
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rectangular coast

Esempidi geometrie della costa che forniscono condizionidi interferenza adeguate per
la generazioneali microseismsecondatri
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While the harmonic components of transient
seismic signalsradiate from localized sources of
finite duration is coherent and their phase
relationshipsdefined by the phasespectrum,this is
not the casefor ambientseismicnoise Thelatter is
caused by a diversity of different, spatially
distributed, mostly uncorrelated and often
continuoussources Seismiaoiseforms, therefore,
amore or lessstationarystochastigprocesswithout
a defined phase spectrum The same is true for
electronicinstrumentalnoise and thermal noise of
seismicmassmotion. Earlyefforts, in the yearsof
analog seismology, to obtain a quantitative
measurementof seismic noise as a function of
frequency was based on the envelopesof peak
amplitudesin giventime intervalsfor seismicnoise
at different times of the day and year Such
presentationsare not adequate when based on
records, or filtered time series, of different
bandwidthsand it is impossibleto resolvespectral
details
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Envelopef maximumand minimum peakamplitudesfor
rural environments as determined from analog
seismograplhrecordsof different types over a long period
of time (curvesl and 2. high and very low noise sites,
respectively)together with envelopecurvesof peaknoise
amplitudes at the MOX station, Germany, at times of
minimum (a) and maximumnoise
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Due to the stochastic nature of seismic noise the amplitude spectrum and phase spectrum cannot be calculated.
We must, therefore, determine thpower spectral densitl?(w) which is the Fourier transform of the
autocorrelation function:

p(t) =<f(t) f(t+t) >

Thesymbol<>indicatesthe averageovertime.

P(w) = fp(t Jexpl- iwt)dt
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Conoscendo il valore dpbwer spectral densitjs(w), si puo calcolare i rispettivi
valori in velocit{P.) o accelerazionéPs),

Knowing the value of power spectral dendfiyw), one can calculate the respective
values in velocityP) or acceleration(P2),

PV(W) = I:)d W2 = 4p2 f2 I:)d

P, (W) = Pywt = 16p* 4P, = 4p2 2 P,
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Power spectral density (cm/sec) Hz)

- | . |

0.001 0.01 01 1 10 100 (Hz)
Frequency

Power spectraldensity in velocity of ambient seismicnoise under noisy and quiet
conditionsfor atypicalseismicstation on compactrock
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Power spectral density in velocity of ambient seismic noise under noisy and quiet
conditionsfor atypicalseismicstation on compactrock

10log|(a,/a,)’| = 20l0g(a,/ a,)

then the energy density spectrum in dB, referred to

(m/s*) | Hz

can be written:

P[dB] =10log(P, /2(m/ s’ / Hz)
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And by substituting the period T=1/f it can be written

P|dB| = P[dB]|+ 20log(T /20)

e

P |dB| = P|dB|+40log(T/2p) = P|dB|+ 20log(T / 2p)
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Envelopecurvesof power spectraldensity in

accelerating?a noise(in units of dB relatedto

1(m/<)?/Hz) asafunctionof period Thecurves
define the new global high (NHNM) and low

noise (NLNM) modelsthat are currently the
standard accepted curves for the generally
expected limits of earthquake noise

Exceptionalnoise can exceedtheselimits. For
NLNM, correlatedcurveshavebeencalculated
for displacementind spectralpower P, and P,

density in units of dB versus1(m/s¥/Hz and
1(m/s)/Hzarealsogiven




Power spectrum processing results
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A probability densityfunction (PDFranbe usedto visualizeseismigpower spectraldensity
(PSD)

Long, continuous, overlapping(50 %) time seriessegmentsare processed Earthquakes,
system transients, and/or anomaliesin the data cannot be removed The instrument

transfer function is removedfrom eachsegment,producingground acceleration(for easy
comparisonwith the LNM) Eachone-hour time seriesis divided into 13 segments,each
approximatelyl5 minuteslong and overlappingby 75% with eachsegmentprocessedoy

removingthe meanand longterm trend; usinga sine function for tapering applyingthe

FFTThesegmentsare then averagedo providea PSCfor eachsegmentof the 1-hour time

seriesThe probability of a given power occurringin a given period is plotted for direct

comparisorwith high- andlow-noisePetersonmodels(HNM,LNM)
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US LTX -- BHZ PDF: # 4259 PSDs
10 1 Hz 0.1

0.01

it
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0.30
0.28

telemnetry drop-outs

cultural noise
diurnal variations

Period (sec)
S 2004 Aug 10034343 US LTX - BHZ PSD POF

ExamplePDFfor the BHZcomponentof the LTXstation, with some artifacts and signals
identified. The LTXstation, was instrumental for the original PetersonLow Noise Model;

however,due to increasedcultural noise(0.1-1s, 1-10Hz)the higher probability power levels
(mode, blackline) are now significantlyhigher than the PetersonLow Noise Model (LNM)

The minimum signal (red line) will approachthe LNM lessthan 2 percent of the time,

indicatingthat the station's minimum noise does not reflect real ambient noise conditions
acrossthe entire spectrum Instead,ambient noise conditionsare best representedby the

highestprobability mode (blackline)
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HLIDstation about 10 km from Haileyldaha Automobiletraffic alonga dirt road only 20 meters from the HLIDstation
createsa noiseincreaseof 20-30 dBat a period of about0.1 second(10Hz) Thistype of cultural noiseis observedin PDFs
as a low probability region at high frequencies(1-10Hz, 0.1-1s). Bodywavesoccur as a low-probability signalat the 1-
secondinterval while surface waves are more powerful at longer periods Recentautomatic calibration and mass
calibrationpulsesare displayedaslow probability eventsin the PDF
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ANALISHANNUALE
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Distribuzionedel noise relativallacomponenteHHZallastazioneMPEdurantele diversestagioni

&
o

ANAILISIHSEASONAILLAANALY SIS

1 Hz 01

0.0

0.30

60 |

Lo .
20 b & 4
© 6 0 © o

P S S S Y

@ N ov aoWw

0 0O O 0O O Q
L sl L s

028
-0.26
0.24

0.22
020 4
0188
016
0,142
012
0.10
0.08
0.06

-0.04

Power [10log10(m**2/sec**4/Hz)] [dB]

MAX
=190 _ﬁf 0.02
200 - 0.00
01 o 100
WINTER
10 1 Hz 01 001

§33335482888888

Power [10log10(m**2/sec**4/Hz)] [dB]

g

100

o
1)

10 1 Hz 0.1 o0
L L L 030

-
© o
Tiar)

80 |
-90 1
=100

- e wa = A
© 0 N o u
© 0O © © O

L !

Power [10log10(m**2/sec**4/Hz)] [dB]
8 i

0.1 1 ) 10 100
Period (sac)

PRIMAVERA

10 1 Hz 01 001

LEIEESERITETLY

8

HNM

LNM

Power [10log10(m**2/sec**4/Hz)] [dB]

01 1 10 100
Period (sec)

AUTUNNO

(i)

a5,

<l
S’

UNIVERSITA
DEGLI STUDI

7 DITRIESTE

Corso: Microzonazione sismica
Giovanni Costa



# S, UNIVERSITA
{8} DEGLISTUDI
“ar=Z/ DITRIESTE

Season variations
CC MPE

— Winter

~— Spring
Summer

— Autumn

Power, dB

0.01 0.1 1 10 100
Periods, s

Corso: Microzonazione sismica

Giovanni Costa




ANALISE GIORNALIERA

Distribuzionegiornalieradel noiserelativoallacomponenteHHZallastazioneMMB.
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8 - 1.8sec Band [0.12 - 0.55Hz]

22" 23’ 24" 25° 26 27 28" 29"
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22" 23 24° 25 26° 27 28’ 29"

Distribution of seismic noise from the average of PDF curves in the interval from 1.8s to
8s for the Bulgarian seismological network.
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STATION SITE NAME:

DATE OF
ANALYSIS:

Recommended minimal distances of seismic sites from
spurces of seismic noise

Topic

Author Amade) Tmkoczy (formerly Kinemetrics SA);

E-mail: amade] trmkoczyviisiol.net

Version

Sept. 1999

= 5
o : i a9
SITE # Pl
WVISIT: & ,'E
COORDINATES: D"!‘T],E GF; S m
Lol gl |
N . HARD MASSIVE HARDPAN
W@ T ROCK, GRANITE, | nappcLay, ETC.
- — QUARTZITE, ETC. '
RECOMMENDED MINIMAL DISTAMCES
[kmn]
a4 | B C 4 | B c [“]”"
1. Oceans, with coastal mountains system 300 =0 1 300 20 1
2. Oceans, with broad coastal plains 1000 | 200 10 1000 | 200 20
3. Inland zeas, bays, very large lakes, with 150 25 1 150 25 1
coastal mountain system
4. Inland zeas, bays, very large lakes, with 500 100 5 SO0 100 3
broad coastal plains
5. Large dams, high waterfalls, large a 40 10 1 S0 15 5
cataracts b (31 15 5 150 25 10
&. Large oil or gas pipelines a 20 10 o 30 15 9
b 100 30 10 100 30 10
7. Small lakes a 20 10 1 20 10 1
b 50 15 1 S0 15 1
8. Heavy reciprocating machinery, a 15 3 1 20 5 2
machineny b 25 5 2 40 15 3
9. Low waterfalls, rapids of a large a = 2 0.5 15 5 1
river, intermittent flow over large dams | b 15 3 1 25 8 2
10. Railway, frequent operation a 6 3 1 10 5 1
3] 15 5 1 20 10 1
11. Airport, air ways heavy traffic 3] 3 1 3] 3 1
12. Hon-reciprocating power plant a 2 0.5 0.1 10 4 1
machinery, balanced industrial b 4 1 0.2 15 6 1
machinery
13. Busy highway, mechanized farms 1 0.3 0.1 3] 1 0.5
14. Country reads, high buildings 0.3 0.2 005 |2 1 0.5
15. Low buildings, high trees and masts 0.1 003 (001 103 0.1 0.05
16. High fences, low frees, high bushes, 005 |0D03 | Sm 006 | 003 | 001
large rocks

LEGEND:

B e

o

SP seismic station with a gain of about 200,000 or more at 1 Hz

SP seismic station with a gain from 50,000 to 150,000 at 1 Hz

SP seismic station with a gamn of approximately 25 000 or less at 1 Hz

Source and seismometer on widely different geclogical formations or that mountain
ranges of valleys intervene

Source and seismometer on the same geological formation and with no mtervening
alluvial valley or movntain range
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Why do certain buildings fall in earthquakes?
Using analogies to understand resonant frequency®

*Natural frequency of
vibration determined by
the physical parameters
of the vibrating object.
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IRIS Classroom demo at end of this animation hw-
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How will 3 buildings, engineered equally,
on different bedrock react to an earthquake?

Building motion
is exaggerated
to emphasize
wave arrivals
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Two variables affect damage during earthquake:

1) Intensity of shaking (felt motion, not magnitude)
2) Engineering
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Un terremoto genera delle oscillazioni del suolo, indotte dalla
propagazione di onde sismiche attraverso il terreno. Le onde
sismiche, propagandosi nello strato piu superficiale della
crosta terrestre, subiscono riflessioni e rifrazioni causate dalle
eterogeneita della crosta stessa. In certe condizioni ed in
presenza dei suoli superficiali le onde sismiche vengono
amplificate o attenuate a seconda delle caratteristiche

meccaniche del mezzo.
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N 4

Liquefazione
Amplificazione
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Effetti Locali
(Risonanza)
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| 3 factors required for liquefaction to occur
1) Loose, granular sediment
2) Water saturated sediment
3) Strong shaking
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Rapporto spettrale Rapporto spettrale
sito/riferimento sito/riferimento
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He/V

n

1 H = spettro componente orizzontale
V = spettro componente verticale

- H/V

Depositi

Roccia @
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In genere,f QS FdFamjlificAzionee dovuto alla geologiasuperficialee

Aty H = spetto componente orizzoniale jjane espressacomerapportotrat QY Ld&IIS dpéttto di Fourierdella
g componente orizzontaledel moto in superficie (H) e quella alla base
A — dellostrato (H):
Depositi Ni= N\
| } O
e gt Y —
Roccia @= O
| fattore di amplificazione puo essere ottenuto tramite la relazione:
!\Y _ _ Z _
Edessendo
_:1
Risulta
w, O
Y —
)

Nakamura afferma che il picco massimo nel grafico H/V permette di identificare la frequenza di risonanza con
f QF YLIX AFTAOFT A2yS IR Saal O2NNBflFOGl o
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PERIOD =2 TU/ ®,
DAMPING =

x (1)
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If x,(t) denotesthe displacementimpressedon the ground
by the earthquakeand x(t) the displacementof the massm
with respect to the ground, the differential equation
governingthe forcedoscillationproblemis written:

(T )+ hxit )+ kit )=—mx (1)

where constant k is the stiffness of the system and b is
the constant associated with the viscous-type system
damper.
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Categorie di sottosuolo nelle NTC-08

A Ammassi rocciosi affioranti o terreni mofto rigidi caratterizzati da valori di Vg
superiori a 800 m/s, eventualmente comprendenti in superficie uno strato di alterazione,
con spessore massimo paria 3 m.

B Depositi di terreni a grana grossa molto addensati o terreni a grana fina mofto
consistenti, con spessori superiori a 30 m, caratterizzati da un graduale miglioramento
delle proprietd meccaniche con la profondita e da valori di Vg3 compresi tra 360 m/s e
800 m/s (ovvero Ngpr 30 > 50 nei terreni a grana grossa e ¢, 30> 250 kPa nei terreni a grana
fina).

C Depositi di terreni a grana grossa mediamente addensati o terreni a grana fina
mediamente consistenti, con spessori superiori a 30 m, caratterizzati da un graduale
miglioramento delle proprietd meccaniche con la profondita e da valori di Vg 35 compresi
tra 180 m/s e 360 m/s (ovvero 15 < Ngpr 30¢ 50 nei terreni a grana grossa e 70 < ¢, 59
250 kPa nei terreni a grana fina).

D Depositi di terreni a grana grossa scarsamente addensati o terreni a grana fina
scarsamente consistenti, con spessori superiori a 30m, caratterizzati da un graduale
miglioramento delle proprieta meccaniche con la profondita e da valori di Vg 49 inferiori a
180 m/s (ovvero Ngpr3p¢ 15 nei terreni a grana grossa e ¢, 39 < 70 kPa nei terreni a grana
fina).

E Terrenidei sottosuoli di tipo € o D per spessore non superiore a 20 m posti sul substrato di
riferimento (con V, > 800 m/s).

S1 Depositi di terreni caratterizzati da valori di Vgzq inferiori a 100 m/s (ovwero 10 < z5< 20
kPa), che includono uno strato di almeno 8 m di terreni a grana fina di bassa consistenza,
oppure che includono almeno 3 m di torba o di argille altamente organiche

S2 Depositi di terreni suscettibili di liquefazione, di argille sensitive o qualsiasi altra
categoria di terreno non classificabile nei tipi precedenti
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SOIL A
ACCELERATION RESPONSE SPECTRA
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Type of parameter Main recommendations

Mini f Recommended minimum recording
1.  EXPERIMENTAL CONDITIONS + MEASUREMENT FIELD SHEET nimum expectd o [Hz] duration [min]
Recording duration g-g gg
- This sheet is only a quick field reference. It is highly recommended that the complete guidelines 1 10
be read before going out to perform the recordings. A field sheet is also provided on the next page. 3 5
This page, containing two identical sheets can be printed and be taken in the field. 5 T
10 2
- Microzonation: start with a large spacing (for example a 500

m grid) and, in case of lateral variation of the results, densify the
Measurement spacing grid point spacing, down to 250 m, for example.

= Single site response: never use a single measurement point
to derive an fy value, make at least three measurement points.

- level the sensor as recommended by the manufacturer.
Recording parameters - fix the gain level at the maximum possible without signal
saturation.

- set the sensor down directly on the ground, whenever
In situ soil-sensor coupling | possible.

= avoid setting the sensor on "soft grounds” (mud, ploughed
sail, tall grass, etc.), or soil saturated after rain.

= avoid plates from "soft" materials such as foam rubber,
cardboard, etc.

Artificial soil-sensor coupling | = on steep slopes that do not allow correct sensor levelling,
install the sensor in a sand pile or in a container filled with sand.
= on snow or ice, install a melallic or wooden plate or a
container filled with sand to avoid sensor tilting due to local
melting.

- Avoid recording near structures such as buildings, trees, efc.
in case of wind blowing (faster than approx. 5 mfs). It may
strongly influence H/V results by introducing some low
frequencies in the curves

= Avoid measuring above underground structures such as car

parks, pipes, sewer lids, efc.

Nearby structures

= Wind: Protect the sensor from the wind (faster than approx. 5
m/s). This only helps if there are no nearby structures.

Weather conditions - Rain: avoid measurements under heavy rain. Slight rain has
no noticeable influence.

- Temperature: check sensor and recorder manufacturer's
instructions.

- Meieorological perturbations: indicate on the field sheet
whether the measurements are performed during a low-pressure
meteorological event.

= Monochromatic  sources: avoid measurements near
construction machines, industrial machines, pumps, generators,
Disturbances efc.

= Transients: In case of transients (steps, cars,...), increase the
recording duration to allow for enough windows for the analysis,
after transient removal.

UNIVERSITA Corso: Microzonazione sismica
DEGLI STUD! i i
7 DITRIESTE Giovanni Costa




H/V TEST 10— BV TEST

10 T
- J i TR Grass with wind
4 Cirass withont wind < i i : i
LT 2 48"
| 3 H
= = p
- = |
T =]
0 mEs | B L II'||II| T
1 10 1 10
Irequency (Hz) Frequency (Hz)
10 H/Y REFERENCE 16 __HATEST
— I E\.Iur. fillil hode with wind _ i : Asphalt with wind
b ) - ¥ ] i
3 3 !
= = i
[=9 = i
-1 B3
E {1 =
= =
T =)
0 D |||:|:|| T |||||
1 10
I'requency (Ilz) Frequency (Hz)

Comparisorof H/V curvesobtainedat the samesite on grasswith and without wind (top), andin a pothole,
on asphalt (bottom) and again on grasswith wind. This comparisonshows the strong effect of wind
combinedwith grasswhile on asphaltor in a pothole, wind hasno significanteffect (when awayfrom any

structure)
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10 HA REFERENCE 10—

st Natural soil 4 Styrofoam

H/V TEST

HY Amplitude
I Amplitude
L

n::lllll — T | 04— a 1 T 1]
1 1 1 1id

brequency ( Hz) Frequency (He)

Comparisorof H/V curvesobtainedwith and without a polystyreneplate underthe sensor
at the samesite, a strongeffect of polystyreneis evident
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SESAME H/V User Guidelines 29/12/06 MEASUREMENT FIELD SHEET
DATE HOUE FLACE DATE HOUE ELACE
OPERATOR GPSTYPE and # COPERATUR GP3 TYPE and #
LATITUDE LOMGITUDE ALTITUDE LATITUDE LONGITUDE ALTITULCE
1 T
STATION TY FE SENSORTY FE STATION TY PE SENSOR TY I8
STATION # SEMNSOR # DISE # STATION # SEMSOE & LISE #
FILE tAME POINT # FILE HAME POINT #
GAIN SAMPL, FREQ He REC. DURATION l':;_ff; GAIN SAMPL. FRED He REC. DURATION
WRATHER WIND I:I none D wieakt (SmiE) Dl‘.‘laﬂ;un’_ I:I stromg  Measurement GF ang): WEATHER WIMD I:I none D weal (Smis) Umed:un’. I:I srong  Messurement 6f ang):
wealk adiu ong  Measmwement (if any FAIM e weak medinm atrong  Measwement (ifan
— [] none [Joweax [Jmedivn e e ment GF ang) T O O O [ steons -

Terperatire appron): Remarks

GROUND O ea.nh(; :';';d) ecavel sand ok Oz = (E Lﬂul"ll)
Ty PE D asphalt Dc-’:mer.t D concrete [l paved I:l ather

Oy soil [ wet soil Remarks

ARTIFICIAL GROUMDSENSOR COURLING [ |no [ |ves type

Temperatire (approe): Famarks

GROUND| [7] emh(;:_:‘ ) eravet [Jsana ek
TVPE D asphalt Dcemﬂ:t D Concrats D paved |:| ather
D dry soil D wet soil Eemarlks

short
O = EM]T)

ARTIFICIAL GROUND-SEMSOR COUPLING [ |no  []yes. type

EUILDING DENSEITY D:u_'uc: Duc:—_[lx_n_ﬂ Ddc:uu I:Iul':u_'l e

] MONOCHREOMATIC MOISE SCOURCES factories. morks. purnge . nvers. |
TRANSIENTS 5 i : i L
= 'E g E+| distance DLU DM'WPE
= £
e RO BRI MEAREY STRUCTURES ¢ tress. polls. buldings, bdges,
Cars [descniption, height, distance) underground structures. .
mucks
pedestrians
oither
OBSERVATIONS

FEEQUENCY Hz
(if computed in the fel)

BUILDING DENSITY [ Jacne [ seanered [ Jdease [ ]otaer pe

TRANSIENTS " ;g MOMOCHROM ATIC HOISE SCOURCES factories, norks. pumps, rivers. )
= ™,
E . g g 5 stance I:‘T” DY‘F‘* tiype
= {8 L8 MEARBY STRUCTURES ¢ tress, polls. buildings. bidges!

Care [desonption, height, distance) uniderground s rictires

Tucks

padestrians

other

OBSERVATIONS FEEQUENCY: Hz

(f comnpted in the Aeld)
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.f-ﬂl H/V Rotate Results Shale IEZ0090670 5 E]

File Edit Insert Format
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Criteri per una H/V affidabile
(devono essere rispettati tutti e tre i parametri)

fo>10/Lw

ne(fo)>200

* a<2 per 0.5f<f<2fb se £>0.5 H
oppure
" a<3 per 0.5f<f<2f se £<0.5 H

Criteri per un picco H/V chiaro
(almeno 5 su 6 devono essere rispettati)

Esiste- in [fo/4, fo8 wh(f-)<A/2

Esistef+ in [b,4f68  wh(f+)<A/2

Ao>2

Frequency (Hz)

foiced Aan(f)™ a(f)]=fo 5%
Lw=Lunghezza finestra. F Cop T
nw=Numero di finestre selezionate per la media della curva H/V. — -
nc=Lw*nw*f0=Numero di cicli significativi. A(fod F o) O F
f=Frequenza corrente.
fO=Picco di frequenza H/V.

FrsSgAliT A2yS a0FyRINR RBOIDGLIAOOZ RA TNMEHAC,T L 1 v ATa
COFnNOTElE2NB RA a23EAL LISNI t€F O2yRAT A Valori di soglia per le condizioni di stabilita
AO=Ampiezza del picco H/V alla frequenza f0.
AH/V(f)=Ampiezza della curva H/V alla frequenza f0. Range di frequenza {H <0,2 0,20,5 0,51,0 1,02,0 >2.0
f-=Frequenza tra fO /4 e fO per cui AHAKAO /2.
f+:Frequenzartra fo e 4,f0 per cui (f+)<AAO 12'. . 3 L ' @ F 0,25h 0,206 0,156 0,106 0,056
'6FnorsS@ali Az2yS adl yRINR RA !l kxoT¥
quale la AH/V(f) va moltiplicata o divisa. o) fer afo) 3 2,5 2 1,78 1,58
[23 1 kx6F0TI580d {GFyRIFINR RSttt Odz2ND
assoluto da sottrarre o addizionare alla curva media Log AH/V(f). Log' @) fer’ Lognn(fo) 0,48 0,4 0,3 0,25 0,2

COFNOT +Ff2NB RA &a23fAF LISNI £ O2yRATA
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Volvi1aer - LTST

1]
\ Basin geometry: Elongated alluvial valley, width~5km, length~40km, Depth~200m

Site Information

— LTST site depth to bedrock: 196m

Type of bedrock: Gneiss

- - Average shear wave velocity of deposits: 570m/s

Comments
Criteria for a reliable H'V curve are fulfilled, that is:

fa=> 10/
n; (fp) = 200

Ta(f) < 100:0(2)

Amplification

Criteria for an ideal H/V peak are also fulfilled:
Ap(=6) =2
3t e [fo'4, fo] | Awrvil) < An/2
3 < [fy, 4f] | Apw(F) < Ag/2
Op |:='| '1-':'.-"'4:-} < £ |:f|]':| |:='| 5':'.-"'4:-}
aalfo) (=1.6) <8 (fy) (=2)

Interpretation : All criteria are fulfiled, the fundamental frequency of the site may be reliably
estimated at 0.7 Hz.
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Citta di Castello- COHE
i L1l I [

Basin geometry: Elliptical alluvium valley, width~10km, length~25km, depth~0.1km

Site Information
CD16 site is situated on soft alluvium sediments and silty clay.
Type of bedrock: Sandstone (Middle Miocene).

Comments
& —] — Criteria for a reliable H'V curve are fulfilled, that is:

f> 10/ 1y
1. - n; (f) > 200
' aalf) < 10910(2)

Amplification

In addition:
Although Aq(=2.9) > 2, the peak cannot be qualified "clear” since the amplitude is not
decreasing rapidly on each side.
None f, = [f/4, fo] | Aspv(fy) < Ag/2
MNone fg = [fu._, 4f|]] | J‘!'lHn,'{fg} o Jﬁh}'IE

B N T T T T T Interpretation : further tests should be performed as listed in section 11-3.3.2-b

1 1l
Frequency (Hz)
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Grenchble - pthl

10

A mplification
[
]

Basin geometry: Y-shaped sedimentary valley, Depth~800m

Site Information
PT50 site is situated on late quaternary post-glacial deposits.
Type of bedrock: Jurassic marls and marly limestone.

Comments

Criteria for a reliable H'V curve are fulfilled, that is:
fo= 10/l
n; (fy) = 200

aalf) < 10gw(2)

Interpretation :

For the low frequency peak, An(=4.0) =2 and 3 fz = [fo, 4f0] | Asrv(fz) < Ar/2

Although, strictly speaking, one cannot find f, = [fy/4, fy] | Awvlfi) < Ay/2, the general trend of
the curve, together with the known geoclogy of the site, allow the meaning of the low
frequency peak to be assigned with confidence; another processing with more narmrow band
smoothing would satisfy the criteria

For the second peak, all the criteria are fulfilled:
Ay(=3.5)=2
3ty e [fv/4, ;] | Annlfy) < A2
3fz e [y, 4] | Annlfz) < A,/2
This second peak around 13 Hz is certainly associated with a very shallow structure.
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Volvi1997 - LPAS

10
Basin geometry: Elongated alluvial valley, width~5km, length~40km, Depth~200m

Site Information

4= — LTST site depth to bedrock: ~180m
Type of bedrock: Gneiss
- - Average shear wave velocity of deposits: 570m/s
g E- — Comments
= Criteria for a reliable H'V curve are fulfilled, that is:
E - - - f|:| - 1':]'." ||"'
& - n (fg) > 200
- . | _ aalf) < 10gy0(2)

Interpretation : All three peaks fulfil the criterion for amplitude, A>2. However, only the peaks
Fz and F;5 fulfil all “clarity” criteria (3.3.1). The availability of other information (geology,
deposit thickness, geophysics) in that area allows us to identify f; as the fundamental
frequency of the site. The location of this site close to a valley edge may explain the
presence of these two peaks with rather low amplitude, while another nearby site (LTST, see
above the "clear peak” example®) exhibits a clear peak with larger amplitude: the latter is
located in the central, part of the graben.
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Tehran- ABM

| 10
Frequency (Hz)

Basin geometry: Unknowr|

Site Information
ABM site is characterised by siiff soil (coarse grained alluvium) overlying bedrock at an
unknown depth.

Comments

Criteria for a reliable HV curve are fulfilled, that is:
fo=10/l
n; (fy) = 200

Talf) < 109:0(2)

Significant low frequency amplification (F<1.0 Hz) was found for the ABM sedimentary site
using earthquake data, which does not appear in the H/V rafio. This site is one of the few
examples of non-rock sites exhibiting a flat H/V curve though also exhibiting a significant low
frequency amplification (less that 5% of the total number of sites studied, as can be seen on
Figure 8, section 3.1)

MNote: the peak around 1.3 Hz was shown to have an industrial origin.
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Lourdes - ROC

T} 1 IIIIIII [ 1 IIIIIII

Basin geometry: Confluence of two valleys

Site Information
- o ROC site is situated on rock outcrop at the confluence of two valleys (reference site). (Dubos
et al., 2003; Dubos, 2003)

E & = =
2 Comments

ﬂ | B Criteria for a reliable H'V curve are fulfilled, that is:
= fa=10/

E B ne (fp) > 200

Talf) < 109:0(2)

} B The H ratio is flat over the whole frequency range examined. As the available geological
information unambiguously indicates that it is a hard rock site, this flat H'V curve may be
interpreted as indicative of a good, non weathered reference site free of any amplification
even at high frequencies.

a ] IIIIIII || ] IIIIIII

i

1
Frequency (Hz)
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Tehran - TAR
™ Lol 1 Lol

i ;

Site Information
TAR site is overlain with stiff soil (coarse grained alluvium).

Comments

Criteria for a reliable HW curve are fulfilled, that is:
fa=10/ L
n; (fp) = 200

Ta(f) < 109,0(2)

*./ DITRIESTE Giovanni Costa

Tehman- TAR
it 1ol L L
10 — ey The F; local narrow peak has an industrial origin. This (H'V) spectral ratio peak is due to
== el manmade noise/machinery; the reprocessing with different smoothing parameters (bottom
ik s right) shows it becomes narmower and narrower, with a larger and larger amplitude when the
s 1 = b-value (Konno-Ohmachi smoothing approach) is increasing: this behaviour is typical of
6 q"uﬂl ‘W_ i industrial origin. Another confirmation is obtained form the fact this narrow peak occurs at the
% ﬁﬁwﬂ, J,-'| IE same frequency in the Fourier spectra of all three components (Figure on bottom left).
= 1 L, |I ]
-fu\w -
ik}
] 1 U] 10
micmedls * 100000V HZ  Frespagney HE) .
Basin geometry: Unknown
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1D Amplification

Elastic layer on deformable basement
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1D Amplification

Elastic layer on deformable basement

amplificazione

frequenza

7
0 14 7 1 4H
r’r Rockto-soll = =
[ = | . " f V.@2n+l)
14 impedance ratio
Ps?s |
natural periods
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1D Amplification

The two control variables

7 _pPYV, r - | _4H
pSVS Jo Vs

Studies byBorcherdt(1992, 1994, 2002) shown for sites:
A of comparable basement thickness H

A of comparable velocity.
the average amplification increases as V

Under these conditions Man be an effective parameter for
seismic characterization.

30
VSS(’ :."ﬂ ......... n
‘0' Z hl . ' :
°._.l'”l Vsj. 1=1
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Sulbsuffacelglasses

For subsurface classes A to Ey M calculated:
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Limits @f\Ws380

Sites with the same vs30 can have significantly different

responses
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Limits @f\WS380

Deposits of soils of high thickness
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Limits @f\WS380

2D Amplification

i =

Ondedi
~ superficie

Compared with 1D conditions:
A increased amplification

A increase in duration

A broadband amplification

A spatial variation of motion
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Limits @f\Ws380

Clift-type configurations

Rockpastronson clay substrate

—

> Orvieto (TR) (lithoid tuff on marine clays)

» Agrigento (calcarenites on marine clays)

» Gerace (RC) (calcarenites on varicolored clays)

[ Banks of sandy and gravelly soils on clay substrate

% Bisaccia (AV) (conclomerateson Pliocene flake clays).
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Limitts @f\W3S380

Presence of cavities

s
0 % 7
v/, Y/ /) A A Yy Y Y
A

> ¥ o, o o

» Orvieto (TR) > Castelnuovo (AQ)
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The station : mgARC

B

Clay and silts 27 m

GURALP CMGE5-T
Lennartz MARS88
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&= = Sandstones and Marls
. = Flysch - (Eocene) 770 m
- .

Limestones (Mesozoic)
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