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e Alle basse frequenze (f <f, » 1Hz), I'origine e essenzialmente naturale, con particolare enfasi sulle onde oceaniche, che
emettono la loro energia massima intorno a 0,2 Hz. Queste onde possono essere viste molto facilmente sulle isole e/o
durante le tempeste oceaniche. Le frequenze piu alte (intorno a 0,5 Hz) vengono emesse lungo le zone costiere a causa
dell'interazione tra le onde del mare e le coste. Alcune onde a frequenza piu bassa (f << 0,1 Hz) sono anche associate alla
forzatura atmosferica, ma questa gamma di frequenze ha scarso interesse per la sismologia ingegneristica. Frequenze piu
alte (> 1 Hz) possono anche essere associate a flussi di vento e acqua

e Alle alte frequenze (f > f,,, » 1Hz), I'origine e prevalentemente legata all'attivita umana (traffico, macchinari); le sorgenti sono

per lo piu localizzate sulla superficie terrestre (tranne alcune sorgenti come le metropolitane) e spesso mostrano una forte

variabilita giorno/notte e settimana/fine settimana.
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Natural Human
Name Microseism Microtremor
Frequency 0.1 —fyy (0.5 Hz to 1 Hz) fan (0.5 Hzto 1 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 Comparable amplitude — slight indication
predominantly Rayleigh that Love waves carry a little more energy
Fundamental / Higher Mainly Fundamental Possibility of higher modes at high
mode issue frequencies (at least for 2-layer case)
Further Comments Local wavefield may be diffe- Some monochromatic waves related to
rent from incident wavefield 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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8 - 1.8sec Band [0.12 - 0.55Hz]
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Distribuzione del rumore sismico dalla media delle curve PDF nell’intervallo da 1.8s a 8s
per la rete seismologica bulgara.
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STATION SITE NAME: .a.DrﬁTLEEF - Topic Recommended minimal distances of seismic sites from
e P @ 3 sources of seismic noise
- E— % s Author Amade) Tmkoczy (formerly Kinemetrics SA);
COORDIMATES: DATE OF VISIT: m" E-mail: Mﬂdﬂi.TlﬂJ‘:DCIk’f@ﬂDl.ﬂEt
— ! Version | Sept. 1999
Lol gl |
N T e HARD MASSIVE ARDPAN
W@ T ROCK, GRANITE, | nappcLay, ETC.
— —— ——— QUARTZITE, ETC. ’
RECOMMENDED MIMIMAL DISTANCES
[km]
a4 | B C 4 | B c [“]”"

1. Oceans, with coastal mountains system 300 S0 1 300 o0 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 20 10 100 30 10
7. Small lakes a 20 10 1 20 10 1

b S0 15 1 50 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

b 15 5 1 20 10 1
11. Airport, air ways heavy traffic 6 3 1 L] 3 1 LEGEND-
12. Non-reciprocating power plant a |2 0.5 0.1 10 4 1 A SP seismic station with a gain of about 200,000 or more at 1 Hz
m:gn:ggg balanced industrial b |4 1 02 1= | & 1 B SP seismic station with a gain from 50,000 to 150,000 at 1 Hz
13. Busy highway, mechanized fams 1 03 |01 |6 1 0.5 c 21’ S‘?lm':d“”t.‘r”ﬂ with a gain ?.fd:fl’l_“;“ﬁ”;“ﬂ-“ “5|=UD.U o fle“ at 1 Hz . .
14. C'EIIJI'Itﬁ' rﬂﬂdﬂ-. hlgh bUI'dII'IgE 0.3 ) 0.05 2 1 05 a SOITCe Sl SE‘i.-III..CIﬂ.'I.E'TE'i Oof Wi ¥ fedt FeQlogic ormations of that mountain
15. Low buildings, high trees and masts 01 [o03 (o001 Jo3 [oa 0.05 ranges or valleys intervene _ _ _ _ _
16. High fences, low trees, high bushes, 005 002 | 5m 006 003 |oo1 b S{:-m‘n;e and seismometer on the same geological formation and with no mtervening
large rocks alluvial valley or movntain range
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Schema sismogrammi relativi alla citta del Messico che mostrano I'amplificazione del bacino
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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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Liquefazione
Amplificazione
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Effetti Locali
(Risonanza)
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Rapporto spettrale Rapporto spettrale
sito/riferimento sito/riferimento
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H = spettro componente orizzontale
V = spettro componente verticale

Depositi V

Roccia
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In genere, I'effetto di amplificazione e dovuto alla geologia superficiale e

U e oo e v © viene espresso come rapporto tra 'ampiezza dello spettro di Fourier della
i componente orizzontale del moto in superficie (H,) e quella alla base
— ~ 1 dello strato (H,):
Depositi V= Vi -~

Roccia _ Hr
Il fattore di amplificazione puo essere ottenuto tramite la relazione:

T, Hy Vg
Ed essendo:
Vr
H,
Risulta:
H
S=—
Vs

Nakamura afferma che il picco massimo nel grafico H/V permette di identificare la frequenza di risonanza con
I'amplificazione ad essa correlata.
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Se con Xx,(1) si indica lo spostamento impresso al suolo
dal terremoto e con x(t) lo spostamento della massa m
rispetto al suolo, 'equazione differenziale che governa
Il problema delle oscillazioni forzate si scrive:

mx(t )+ bxit )+ kx(it)=—mx_(1)

-

In cui la costante k e la rigidezza del sistema e b € la
costante associata allo smorzatore del sistema di tipo
VISCOSO.
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Categorie di sottosuolo nelle NTC-08

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

Depositi di terreni a grana grossa mofto addensati o terreni a grana fina molto
consistenti, con spessori superiori a 30 m, caratterizzati da un graduale miglioramento
delle proprieta meccaniche con la profondita e da valori di V3o compresi tra 360 m/s e
800 m/s (ovvero Ngpr 30 > 5O nei terreni a grana grossa e ¢, 30> 250 kPa nei terreni a grana
fina).

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 39 compresi
tra 180 m/s e 360 m/s (ovvero 15 < Ngpr 30¢ 50 nei terreni a grana grossa e 70 < ¢, 30 <
250 kPa nei terreni a grana fina).

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 44 inferiori a
180 m/s (ovvero Ngpr 39¢ 15 nei terreni a grana grossa e ¢, 3 < 70 kPa nei terreni a grana
fina).

Terreni dei sottosuoli di tipo C 0 D per spessore non superiore a 20 m posti sul substrato di
riferimento (con V, > 800 m/s).

S1

52

Depositi di terreni caratterizzati da valori di Vg inferiori a 100 m/s (ovwero 10 < ¢ zq< 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

Depositi di terreni suscettibili di liquefazione, di argille sensitive o qualsiasi altra
categoria di terreno non classificabile nei tipi precedenti

o/
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Spettri di risposta elastici per i periodi di ritorno Ty di riferimento
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Spettri di normativa per le diverse classi di suolo
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Event: NORTHERN - Origin time: 2012/05/29 07:00:03 Lat:44.851 Lon:11.086 Ml = 5.8
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Type of parameter Main recommendations

Recommended minimum recording

1. EXPERIMENTAL CONDITIONS + MEASUREMENT FIELD SHEET Minimum expected fa [Hz] duration [min]
Recording duration 0.2 30
0.5 20
= This sheet is only a quick field reference. It is highly recommended that the complete guidelines 1 't_"
be read before going out to perform the recordings. A field sheet is also provided on the next page. 2 5_
This page, containing two identical sheets can be printed and be taken in the field. 150 g

= 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 f; 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
soil, tall grass, etc.), or soil saturated after rain.

- avoid plates from "soft" materials such as foam rubber,
cardboard, efc.

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 metallic or wooden plate or a
container filled with sand to avoid sensor filting due to local
melting.

= Avoid recording near structures such as buildings, trees, etc.
in case of wind blowing (faster than approx. 5 m/s). 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, etc.

- 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.

- Meteorological perturbations: indicate on the field sheet
whether the measurements are performed during a low-pressure
meteorological avent. |
- Monochromatic sources: avoid measurements near
construction machines, industrial machines, pumps, generators,
Disturbances etc.

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

Nearby structures
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HN TEST
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Confronto delle curve H/V ottenute nello stesso sito su erba con e senza vento (in alto), e in una buca, su

asfalto (in basso) e di nuovo su erba con vento. Questo confronto mostra il forte effetto del vento combinato
con l'erba, mentre sull'asfalto o in una buca il vento non ha effetti significativi (se lontano da qualsiasi
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- H/V REFERENCE

H/V TEST

Styrotoam

n H Nafiral soil 1

HY Amplitude
IV Amplitude
L

U a 1 T 1]
1 1id

Fregquency (Hz) Frequency (He)

Confronto delle curve H/V ottenute con e senza una piastra di polistirolo sotto il sensore,
nello stesso sito, € evidente un forte effetto del polistirolo.
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SESAME H/ User Guidelines 29/12/06 MEASUREMENT FIELD SHEET
DATE HOUER PLACE DATE HOUER FLACE
CPERATOR GPSTYPE and # CPERATOE GPSTYPE and #
LATITUDE LONGITUDE ALTITUDE LATITUDE LOWGITUDE ALTITUDE
STATION TY FE SEMSORTY FE STATION TY FE SEMSORTY PS
STATION # SEMSOR # DISK # STATION # SEMSOR # DISH #
FILE NAME POINT # FILE HAME POINT #
AT SAMPL EREQ e REC, DURATION “:‘L’,_jf; GAIN SAMPL. FREQ Yo REC. DURATION n:'r:_:;
WEATHER. WIND D none l:l weake (Sme) l:l medinm I:I sirong  Measwrement (f any). WEATHER WIND I:I e D wieak (SmiE) D mediom I:l strong  Measurement Gf any):

EAIM none wieak
COMOITIONS O [ uea

Temperatirs (appron).

Dmcdiu:n

Remarks

|:] atrong Measurement (F any)

FAIH nane Wealk
COMDOITIONS D D

Temperatire (approz):

D medinm

Femarks

D strong Messuement (Fany):

CROUND D ea.rth(%::;d) Dg:‘avel
TV PE D asphalt I:Icemer_r D Soncrens

D sand

D rock

|:| paved D other

— { Oshort
(scass _(Emll )

Cldry soil [ wet soil

Remarks

e D sarth (; l::.;d ) Dg.’avel
TV PE |:| asphalt Dcs ment |:] concrete

D sand

O
|:| other

[ sress =(Ei?|?"
[paved

)

ary soil [ wet soil

ERemarks

ARTIFICIAL GROUND-SENSOR COUFLING [ |no

[ves. wee

AFRTIFICIAL GROUND-5EMSOR. COUFLING I:I na

[yes. e

BUILDING DEMSITY D:u_'uc Dsca[Lur_\'J Ddc:uu I:Iullu:l bype

BUILDING DENSITYT Dl":n‘; D scattered Dde:ﬂe Dotner e

Wi compated in the field)

f comnputed inothe Aeld)

CNOCHED 2 1 =% Factories, works. [ . Over..) CMOCHEOM. o : ORI (fartories, works. purnps, ivers. |
TRANSIENTS ‘;ﬂ E MONOCHREOMATIC HOISE SOURCES (faclonies, works. pumps, nvers..) TRANSIENTS 3 ;g Il CHROMATIC NOISE SCURCES purnps
g s ﬁl Q 2| distance Dr.o DW ype E a g g ; distance I:“'-” DY‘* type
Ble|RIR|® MEARBY STEUCTIUIRES Aress, polls. buildings, bndges! r = fBlELE MEARBY STEUCTURES iress, polls. buildings, bodges!
cars (descrption, height, distance) underground structures. cas [description, height, distanc=) uniderground sinactiures
mucks mucks
pedestrians pexlestrians
oither other
OBSERVATIONS FEEQUEMCY. Hz OBSERVATIONS FREQUENCY: Hz
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Criteri per una H/V affidabile
(devono essere rispettati tutti e tre i parametri)

fo>10/Lw

ne(fo)>200

0a<2 per 0.5fo<f<2fo se f0>0.5 Hz
oppure
0a<3 per 0.5fo<f<2fo se f0<0.5 Hz

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

Esiste f- in [fo/4, fo] | Ann (f-)<Ao/2

0 [T | : | T ‘ Esiste f+ in [fo,4f0] |AH/V(f+)<A0/2
0.6 081 2 4 6 8 10 20
Frequency (Hz) Ao>2
friceo[ Arv(f)2o a(f)]=fo £5%
Lw=Lunghezza finestra. o<a(fo)

nw=Numero di finestre selezionate per la media della curva H/V.
nc=Lw*nw*f0=Numero di cicli significativi.

f=Frequenza corrente.

fO=Picco di frequenza H/V.

o f=Deviazione standard del picco di frequenza H/V (f0 %o f).
o(f0)=Valore di soglia per la condizione di stabilita o f<o(f0).
AO=Ampiezza del picco H/V alla frequenza f0.

G a(fo)<B(fo)

Valori di soglia per le condizioni di stabilita

AH/V(f)=Ampiezza della curva H/V alla frequenza fO. Range di frequenza [H:] <0,2 0,2-0,5 0,5-1,0 1,0-2,0 >2,0
f-=Frequenza tra f0 /4 e f0 per cui AH/V(f-)<A0 /2.
f+=Frequenza tra f0 e 4f0 per cui (f+)<A0 /2. o(fo) [H:] 0,25f 0,200 0,15f 0,10f 0,05f
o A(f0)=Deviazione standard di AH/V(f), o A(f) & il valore per il

quale la AH/V(f) va moltiplicata o divisa. B(fo) per o a(fo) 3 2,5 2 1,78 1,58
o Log H/V(f)=Dev. Standard della curva Log AH/V(f), o Log H/V(f)& il valore

assoluto da sottrarre o addizionare alla curva media Log AH/V(f). Log B(fo) per o tog v(fo) 0,48 0,4 0,3 0,25 0,2

6(f0)=Valore di soglia per la condizione di stabilita o f<6(f0).
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Amplification

Volvi1aer - LTST

I | | | |
' Frequency (Hz)

i

bl | 3
i

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:

fo= 10/ Iy
N (fp) = 200
calf) < 10gg(2)

Criteria for an ideal H/V peak are also fulfilled:
Ap(=6) =2
31 < [fo4, o] | Anrv(l) < An/2
Aft e [f:: 4-1::] JE'LHr.I.-[f+} = JE'L:;."E
Op I:='| "-'I-':'.-"'n} < £ I.f:':l I:='| 5':'.-"'n}
aalfo) (=1.6) < 8 (f) (=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:

fo= 10/ by
- - N (fp) = 200
calf) < 10g10(2)

A mplification

In addition:

f\ Although Aq(=2.9) > 2, the peak cannot be qualified "clear” since the amplitude is not
- " | decreasing rapidly on each side.
A A None f, = [f/4, To] | Auw(fy) < Ag/2

4 \uxdxﬂ\ None fa = [fy, 4] | Auylfz) < Ay/2

o — n T T T T T Interpretation : further tests should be performed as listed in section 11-3.3.2-b

1 10
Frequency (Hz)
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a"'\lL'J'
Grenchble - pthl

0 Basin geometry: Y-shaped sedimentary valley, Depth~800m
- - Site Information
PT50 site is situated on late quaternary post-glacial deposits.
B — | Type of bedrock: Jurassic marls and marly limestone.
Comments
™ B Criteria for a reliable H'V curve are fulfilled, that is:
fa= 10/l
S B o N (fo) > 200
: aalf) < logu(2)
'—;_ 7 i Interpretation :
E For the low frequency peak, Acl=4.0)>2 and 3z = [fo, 4f0] | Awv(fz) < Ao/2
M B 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 narrow band
smoothing would satisfy the criteria
P SO . W ST S ot the second peak, ll the crifera are fuifled:
| Ay(=3.5)=2
— 3t = [fi/'4, ;] | Aanlfy) < A2
Fo Fi Atz = [fy, 46] | Apwlfz) < A4/2
£ T T TTT1T] T T T T ITT] This second peak around 13 Hz is certainly associated with a very shallow structure.
i 10
Frequency (Hz)
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Amplification

10 1 IIIIIII 1 I IIIIIII

Volvi19a7 - LPAS

F:: |",- Fa
|| ] II!III || r ] Illl!l

10

IquuEn{.'y (Hz)

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

Site Information

LTST site depth to bedrock: ~180m

Type of bedrock: Gneiss

Average shear wave velocity of deposits: 570m/s

Comments

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

Ta(f) < 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 I 1 L i i II L I L b b II
7 B Basin geometry: Unknowr|
B = — Site Information
ABM site is characterised by siiff soil (coarse grained alluvium) overlying bedrock at an
- - unknown depth.
£ E = - Comments
= Criteria for a reliable H'V curve are fulfilled, that is:
i fo=10/l
£ B N (fy) > 200
E . _ aalf) < 10g:(2)
Significant low frequency amplification (F<1.0 Hz) was found for the ABM sedimentary site
. B 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
e — frequency amplification (less that 5% of the total number of sites studied, as can be seen on
‘,___\___/.._./\ Figure 8, section 3.1)
i -*-"“'-ﬂlk MNote: the peak around 1.3 Hz was shown to have an industrial origin.
C ] || LI L IL II || ] L ELLL! II
i 10
Frequency (Hz)
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g {
5,1"‘} a
Lourdes - ROC L
T} [ ] [ | [ I I | II [ | [ ] [ | 1 1L 1 010 I

Basin geometry: Confluence of two valleys
B — f—
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
ﬁ | B Criteria for a reliable H'V curve are fulfilled, that is:
- fa=10/ly
E' . N (fg) = 200
Ga(f) < 10g10(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
S i e e — interpreted as indicative of a good, non weathered reference site free of any amplification
/_,_‘,.\_J\_,_/—"—/\ﬂ"\—f——%.— even at high frequencies.
a ] || L] I || ] LI L LB I
. "
Frequency (Hz)
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Tehran - TAR

"

E &— —
i
- -
N M_
wi v F
o T T III T III
1 B
Froquanoy (Hz)
Tehman- TAR
1 III 1 1
100 — Epmp W
— Bt ME
|!‘I — Sper EW
L 1
E L3
e 3
L}
s g
i [
= 1 -
™

mieoels * 100000 HZ  Frespueniy [HD

Basin geometry: Unknown

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

Comments
Criteria for a reliable H'V curve are fulfilled, that is:
fo=10/ L

N (fo) = 200
Ta(f) < 109,0(2)

The F; local narrow peak has an industrial origin. This (H'V) spectral ratio peak is due to
manmade noise/machinery; the reprocessing with different smoothing parameters (bottom
right) shows it becomes narmower and narrower, with a larger and larger amplitude when the
b-value (Konno-Ohmachi smoothing approach) is increasing: this behaviour is typical of
industrial origin. Another confirmation is obtained form the fact this narrow peak occurs at the

same frequency in the Fourier spectra of all three components (Figure on bottom left).
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Amplificazione 1D

Strato elastico su basamento deformabile

S Vs
/OSVS

PV,
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Amplificazione 1D
strato elastico : deformabile

amplificazione

Y

frequenza
Pr'Vr =
prVr rapporto di T = 1 — 4H
[ =—"= impedenza " V.(2n+1)
yo VS roccia-terreno
periodi naturali

Da: “Le categorire di sottosuolo delle NTCO8: limiti applicabilita V. ;,” - Giuseppe Lanza

3 UNIVERSITA

5 DEGLI STUDI




Amplificazione 1D
Le due variabili di controllo:

PV, | _4H
0

pSVS fo Vs

Studi di Borcherdt (1992, 1994, 2002) hanno mostrato per siti:

» di comparabile spessore H del basamento

« di comparabile velocita V,
I'amplificazione media cresce al crescere di V,

[ =

In queste condizioni V, puo essere considerato un parametro
efficace perla caratterizzazione sismica

_‘1’1— trato i hi
SR =Y e é I

Da: “Le categorire di sottosuolo delle NTCO8: limiti applicabilita V. 3, - Giuseppe Lanza

/
v
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Classi di sottosuolo

Per le classi di sottosuolo da A ad E si calcolaiil Vg 45

Terreno S
Roccia
X, . H>30 m
VS
et r A
Roccia
A A A
v, r ) \ | \
V_,,>800 m/s 3605V <800  180SV_,,<360 V. _,,<180 m/s

(&) © ©

Da: “Le categorire di sottosuolo delle NTCO8: limiti applicabilita V3, - Giuseppe Lanza
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Limiti della Vg3,
Siti con la stessa V430 possono avere risposte

significativamente diverse V, (m/s)
200 400 600 800
| | >
20 + V530=220 m/S
E 40 1-
g
+
.S, 601
o
Q
qa 80-_
= %0
| 100
HRRHRR 120 120
Q
DIkt 2
Ve=1100 m/s Idriss (2011)

Da: “Le categorire di sottosuolo delle NTCO8: limiti applicabilita V3, - Giuseppe Lanza
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Limiti della Vg3,

Siti con la stessa Vg3, possono avere risposte
significativamente diverse V. (m/s)

200 400 600 800

Ve
£
 —
]
=
£
[
Q
8 |
| 100
pe |
=
\\Bedrad ¢ .
Vs=1100 m/s riss (2011)

Da: “Le categorire di sottosuolo delle NTCO8: limiti applicabilita V.3, - Giuseppe Lanza
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Limiti della Vg3,

Depositi di terreno di elevato spessore

Roccia .

Da: “Le categorire di sottosuolo delle NTCO8: limiti applicabilita V3, - Giuseppe Lanza
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Limiti della Vg3,
Amplificazione 2D

i g=

w— K

/ N\ / ~ Onde di
B ~superficie

Rispetto alle condizioni 1D:

+ aumento dellamplificazione

* incremento di durata

« amplificazione a larga banda
* variazione spaziale del moto

Da: “Le categorire di sottosuolo delle NTCO8: limiti applicabilita V.3, - Giuseppe Lanza
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Limiti della Vg3,
Configurazioni tipo “rupe”

Piastroni di rocce su
substrato di argille

» Orvieto (TR) (tufo litoide su argille

marine OC)

> Agr'igem‘o (calcareniti su argille marine OC)

» Gerace (RC) (calcarenite su argille
varicolori)

Banchi di terreni sabbiosi e
ghiaiosi su substrato di argille

> Bisaccia (AV) (conglomerati su argille
plioceniche a scaglie)

Da: “Le categorire di sottosuolo delle NTCO8: limiti applicabilita V3, - Giuseppe Lanza




Limiti della V5,
Presenza di cavita

L

-
’}”INCJODD =

» Orvieto (TR) > Castelnuovo (AQ)

Da: “Le categorire di sottosuolo delle NTCO8: limiti applicabilita V ,” - Giuseppe Lanza
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The station . ngRC

i ]

Clay and silts 27 m

GURALP CMGE5-T
Lennartz MARS88 - .

Sandstones and Marls

. = Flysch - (Eocene) 770 m

Limestones (Mesozoic)
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6 I I I I I I I I I I I I I I I I I I ‘ I I I ‘ I

TR BHN -
JUL 12 (194), 2004
13:04:02.299 -

I ‘ T I ‘

DST N ]
JUL 12 (194, 2004 -
13:04:06.329 -

I ‘ T T I ‘ T
CARC N —

JUL 12 (194), 2004
13:04:06.329 N
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Friuli, 30 aug. 2003 MI 3.8 (CSEM)
azimuth 317° distance 112 km

R T O S S S T T TR ST SO N S T S S S TN TS ST SN TS TS N SN SN SN S S S S ST S TUN TS NS N SO SO S

] . U —
- (‘5 Bovec, 12 jul. 2004 Mb 5.1 (CSEM)
Garda, 24 nov. 2004 MI 5.3 (CSEM) S - azimuth 350° distance 73 km

azimuth 268° distance 246 km Slovenia ; - Y
\ Croazia :

Rijeka, 14 sept. 2004 Mb 4.5 (CSEM)
Y azimuth 120° distance 76 km

Bosnia-
Erzegovina |

"~ Bosnia, 23 may 2004 Mb 4.9 (CSEM)
azimuth 132° distance 381 km

45°f Italia

Appennines, 14 sept. 2003 MI 5,0 (CSEM)
azimuth 230° distance 240 km

Adriatic sea, 25 nov. 2004 Mb 5.2 (CSEM)
azimuth 158° distance 301 km




Response spectra ratio

CARC station SSR TRI station
East components

30 23/05/2004 Bosnia Mb 4.9
12/07/2004 Bovec Mb 5.1
1 14/09/2004 Rijeka Mb 4.5
24/11/2004 Garda Mb 5.3
25/11/2004 Adriatico Mb 5.2
20

Frequency Hz

Response spectra ratio

12 1

CARC station HVSR

North components
30/08/2003 Friuli MI 3.8
14/09/2003 Appennino Ml 5.0
23/05/2004 Bosnia Mb 4.9
12/07/2004 Bovec MIb 5.1
14/09/2004 Rijeka Mb 4.5
24/11/2004 Garda Mb 5.3
25/11/2004 Adriatico Mb 5.2

Frequency Hz
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CARC station HVSR
East components
30/08/2003 Friuli MI 3.8

ﬂ 14/09/2003 Appennino MI 5.0
23/05/2004 Bosnia Mb 4.9
12/07/2004 Bovec Mb 5.1
14/09/2004 Rijeka Mb 4.5
24/11/2004 Garda Mb 5.3
25/11/2004 Adriatico Mb 5.2

Frequency Hz

Response spectra ratio

12 1

CARC station HVSR

North components
30/08/2003 Friuli MI 3.8
14/09/2003 Appennino Ml 5.0
23/05/2004 Bosnia Mb 4.9
12/07/2004 Bovec MIb 5.1
14/09/2004 Rijeka Mb 4.5
24/11/2004 Garda Mb 5.3
25/11/2004 Adriatico Mb 5.2

Frequency Hz
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CARC station HVSR
North components

12
12 30/08/2003 Friuli MI 3.8
14/09/2003 Appennino Ml 5.0
. CARC noise 23/05/2004 Bosnia Mb 4.9
North/Vertical 12/07/2004 Bovec Mib 5.1
2 East/Vertical o 14/09/2004 Rijeka Mb 4.5
4— — -
o S 24/11/2004 Garda Mb 5.3
£ g 25/11/2004 Adriatico Mb 5.2
[S]
g g
9 &
Q 9
3 g
e 4 8
Q
o
o ] ] ] ] )
T . T
0 2 4 6 8

F H
requency Hz Frequency Hz
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Fourier spectra ratio

12 —

CARC noise
North/Vertical
East/Vertical

Frequency Hz

Fourier spectra ratio

12 —

CARC noise meas. upper floor vs. basement

NS
EW
8 — ya
4_
0 | ' | ' | ' |
0 2 4 6 8

Frequency Hz
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Per strutture 1D, con un solo strato su un semispazio, la frequenza fondamentale per lo strato e

data da:

-
4h

B, = velocita delle onde S nello strato superficiale

h = spessore dello strato

le armoniche superior da:
f =2n+1f,

dove n e I'intero che indica 1’ordine dell’armonica.
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simple 1D model
f=v/4H, f frequency Hz, V s-waves velocity m/s’, H sediments thickness m [Bard and Bouchon, 1985]

Uniform Building Code (1985)
T=0.09H*[D]"* T period s, H height m and D building basement dimension
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—— 30/08/2008 Frili M 3.8 30+ —— /2008 Fridi M 38 04 ——— 30/08/2003 Frii M 38
14/05/2008 Apperriro M 50 14/09/2008 Aperrino M 5.0 14/09/2008 Appemino M 5.0
—— 23/05/2004 Bosria M 4.9 | —— 23/06/2004 Bosria Mo 4.9 | —— 23/06/2004 Bosria Mb 4.9
—— 12/07/2004 Bowec M 5.2 ——— 12/07/2004 Bovec Mb 5.1 —— 12/07/2004 Bovec Mb 5.1
: — 1409/X004 Rijeka M 4.5 _ —— M4A9/204Ra M 45 —— 14/09/X04 Rijda M>45
€ —— 24/11/2004 Garch V5.3 £ o anyaieram5s @ ——— 24/11/204 Garda Mb53
ﬁ 25/11/2004 Adriatico Mb 5.2 ﬁ 25/11/2004 Adriatico Mb 5.2 ﬁ 25/11/2004 Adriatico Mb 5.2
§ E 10 § 104
01— T T T T T T 1 0+
0 2 4 6 8 0 2 4 6 8
Freqercy Hz Frequercy Hz
30- ——— 23/06/2004 Beeria Mb 49 30 232004 Beia Wb 49 304 2302004 B Nb 49
—— 12/07/2004 Bovec Mb 5.1 ——— 12/07/2004 Bovec M 5.1 —— 12/07/2004 Bovec Mb 5.1
| 14/05/2004 Rijeka Mb 4.5 14/09/2004 Rijeka Mb 45 | ——— 14/09/2004 Rijeka Mb 4.5
— 24/11/2004 Garda Mb 5.3 — 24/11/204 Gach M 5.3 — 24/11/2004 Garca M 5.3
—— 25/11/2004 Adriatico Mb 5.2 ——— Z/11/2008 AdiaticoMb 5.2 25/11/2004 Adriatico Mo 5.2
20

1

Response specira rafio

g
i
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Gemona del Friuli

Alluvial fan
eference station

E stations — sedimentary basin
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PUNTO 127

19 :
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PUNTO 116
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PUNTO 123
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PROFILO 1

Sezione Profilo 1
® & © Vel.ondeS 04 km/s
@ © ©O Vel.ondeS 0.5km/s

-300 —

-250 —

-200 —

-150 —

QUOTA (m)

-100 —

-500 0 500 1000 1500 2000 2500
OFFSET (m)
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PROFILO 2
Sezione Profilo 2
® ® © Vel.onde$S 04km/s
® ©® © Vel.onde$S 0.5km/s

400 —

-350 — f

300 — \"_\ -~

-250 —

20— N‘\'\'W e

QUOTA (m)

L 4
=)
o O

0
| | | | | | | | |

-500 -250 0 250 500 750 1000 1250 1500 1750
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PROFILO 3
Sezione Profilo 3

® ©® O Vel.ondeS 0.4 kmis
® @@ O Vel.ondeS 0.5 kmi/s

500 —
450 —
400 —

-350 — ‘

-300 —

-250 —

QUOTA (m)

-200 —

-150 —

-100
| | | | | | |
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PROFILO 4

Sezione Profilo 4
® @ O Vel.ondeS 04 km/s
@ © O Vel.ondeS 05 km/s

-300 —

-250 —

-200 —

-150 — @

-100 —
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