COMUNE DI VAL BREMBILLA
(Provincia di Bergamo)

COMPONENTE GEOLOGICA, IDROGEOLOGICA E SISMICA
DEL PIANO DI GOVERNO DEL TERRITORIO

(ai sensi della L.R. n.12 del 11/03/2005 e
della D.G.R. n.9/2616 del 30/11/2011)

RELAZIONE GEOLOGICA

Parte 3 - Appendice all’Analisi Sismica di 2° livello

Committente: Comune di Val Brembilla

Bergamo, Marzo 2017

Dott. Augusto Azzoni

Dott. Augusto Azzoni, n.527 dell'Ordine dei Geologi della Lombardia
Via F. Nullo n.31, 24128 Bergamo - Tel. 035-231115, cell. 339-2262817
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Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

1. INTRODUZIONE

Si riportano di seguito i seguenti documenti, predisposti nel corso dell'Analisi simica di 2° livello:
- Sezioni topografiche considerate per la valutazione degli effetti morfologici sul Fattore di amplificazione
sismica.
- Misure di rumore sismico HVSR a stazione singola
Si allegano inoltre le Schede per la valutazione del Fattori di amplificazione sismica di tipo topografico e litologico,
riportati sulla D.G.R. n.9/2616 del 30/11/2011.
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morfologici sul Fattore di amplificazione topografico
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Sezione n.2 - Gerosa bassa (pendio).
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Sezione n. 4 - Gerosa (pendio).
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Sezione n. 5 - Gerosa (pendio).

Sezione n. 6 - Gerosa (scarpata in pendenza).
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Sezione n. 7 - Gerosa (cresta appuntita).
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Sezione n. 8 - Gerosa (scarpata in pendenza).
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Sezione n. 10 - Gerosa (cresta appuntita).
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Sezione n. 12 — Canto del Ronco (cresta appuntita).
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Sezione n. 14 — Gerosa loc. Prato Aroldi (pendio).
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Sezione n. 15 - Brembilla loc. Gaiazzo (pendio).
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Sezione n. 16 - Cavaglia (cresta appuntita).
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Sezione n. 16 bis - Cavaglia (cresta appuntita).
g
106,5
, 35,01 ,
I I
o ______,_,--"""'
| — PN —
~J_ T

Sh
26°

Sezione n. 17 - Brembilla loc. Tesotti (cresta arrotondata).
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Sezione n. 17 bis - Brembilla loc. Tesotti (cresta arrotondata).
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Sezione n. 18 - Brembilla loc. Garateno (scarpata in pendenza).
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Sezione n. 19 - Brembilla loc. Garateno (scarpata in pendenza).
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Sezione n. 20 - Brembilla loc. Roccolo (scarpata in pendenza).
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Sezione n. 21 - Brembilla loc. Roccolo (cresta appuntita).
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Sezione n. 22 - Brembilla via Liberta (scarpata in pendenza).
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Sezione n. 24 - Brembilla loc. Capodato (pendio).
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Sezione n. 25 - Brembilla Villaggio Europa.
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Sezione n. 26 - Brembilla loc. Chigavacche (scarpata in pendenza).




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del

11.03.2005 ¢ D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica
Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

164,49
96,22
\ o
-ﬁ—— __ﬁ
1
w --""" f “ N =
- }__‘_fpg- N
= —
A
//
4
L)
L
o
Sez. 27
f b= === = = = = = o = —
| i) | | 1
Sezione n. 27 - Brembilla loc. Chigavacche (cresta arrotondata).
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Sezione n. 28 - Brembilla loc. Foppa (cresta appuntita).
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Sezione n. 29- Brembilla loc. Foppa (scarpata in pendenza).
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Sezione n. 30 - Brembilla loc. Cabonocchio (scarpata in pendenza).
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Sezione n. 32 - Brembilla loc. Cabonocchio (scarpata in pendenza).
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Sezione n. 34 - Brembilla loc. Cabonocchio (pendio).
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Sezione n.36 - Laxolo loc. Caberardi (scarpata in contropendenza).
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Sezione n. 38 - Brembilla Campo Secomandi (scarpata in pendenza).
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Sezione n. 39 - Brembilla Campo Secomandi (scarpata ideale).




Comune di Val Brembilla (BG)
Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del

11.03.2005 ¢ D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica
Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

78

Sez. 40
—— - =+
Sezione n. 40 - Brembilla loc. Caberardi (scarpata ideale).
|
_,..--"'".--""'""-F-—-F E”;
- !
P
i
AT
A4
1
A
A
T
e
A
1
T 1~
el /,<
/]
A
.f"
A
1 &
Sez. M1
I ] 1
I T = [===]=] = S | ela]lslelwle]wlul=l=lel=[=l=] = |= - = - = - - - |
L | ]

Sezione n. 41 - Brembilla loc. Malentrata (pendio).
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Sezione n. 43 - Laxolo loc. Caberardi (scarpata in pendenza).
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Sezione n. 45 - Laxolo loc. Caremondi (scarpata ideale).
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Sezione n. 46 - Laxolo loc. Caremondi (scarpata ideale).
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Sezione n. 47 - Brembilla loc. Castignola (scarpata ideale).
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Sezione n.48 - Brembilla loc. Castignola (cresta arrotondata).

Sezione n.49 - Brembilla loc. Sant'Antonio Abbandonato (scarpata in pendenza).
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Sezione n.50 - Brembilla loc. Catremerio (scarpata in pendenza).
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Sezione n.51 - Brembilla loc. Lera (cresta arrotondata).
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Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

Misure di rumore sismico HVSR a stazione singola



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T01 - BREMBILLA Chiesa Parrocchiale e Municipio Via Don Rizzi

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 21/01/00 05:02:31 End recording: 21/01/00 05:22:32
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 58% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 13.69 + 3.1 Hz (in the range 0.0 - 64.0 Hz).

r

— yErage HV

ATH

0.1

frequency [Hz]

H/V TIME HISTORY

J RS




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH / (s/uw)

E3
01 1 10
frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 13.69 + 3.1 Hz. {In the range 0.0 - 64.0 Hz).

— Ayerage HA
e Synithetic HV

Q
0.1 q m
frequency [Hz

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio

0.90 0.90 125 0.42
5.00 410 260 0.42
17.00 12.00 495 0.45
18.00 1.00 530 0.42
22.00 4.00 596 0.42
50.00 28.00 650 0.45

inf. inf. 840 0.45

Vs(0.0-30.0)=440m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

700 800

[w] yidsp perewns3

0l
Vs(0.0-30.0)=440m/s

W= [mfs]

[According to the SESAME, 2005 guidelines. Please read carefully theG i | | amanual before interpreting the following tables.]

Max. H/V at 13.69 * 3.1 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

f>10/L, 13.69 > 0.50

n¢(fo) > 200 9581.3 > 200

aa(f) < 2 for 0.5f)< f < 2f, if f,> 0.5Hz Exceeded 0 out of 658 times

aa(f) < 3 for 0.5f,< f < 2f, if f,< 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fo/4, fo] | Auv(f) <Ag/2 NO
Exists f* in [fy, 4f5] | Auv(f) < Ao/ 2 20.688 Hz
Ap> 2 3.04>2
Foeak[Ann(f) 20a(f)] = fo £ 5% |0.22675| < 0.05 NO
or<e(f) 3.10362 < 0.68438 NO
aalfo) <0(fo) 0.3826 < 1.58
Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
o standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition or<g(fy)
H/V peak amplitude at frequency f,
Ann(f) H/V curve amplitude at frequency f
f~ frequency between fy/4 and f, for which Ayy(f7) < A¢/2
fr frequency between f, and 4f, for which Apn(f *) < Ag/2
oa(f) standard deviation of Ayy/(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayy(f) curve
Oiogrn(f) threshold value for the stability condition oa(f) <6(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 05-1.0 1.0-20 >2.0
£(fo) [Hz] 0.25 f, 0.2 fo 0.15 fy 0.10 fo 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Oiogrn(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T02 - BREMBILLA Scuole Medie Via Valletta

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 21/01/00 05:51:03 End recording: 21/01/00 06:11:04
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 70% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 4 69 + 0.31 Hz (in the range 0.0 - 64.0 Hz).

7 — Average HV

ALH

[

01 1 10
frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component

E-W component

Up-Down component
102

ZH f (spuw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 4.69 + 0.31 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HIV
e Synithetic HV

3
2
:
!
a
01 frequency [Hz]
Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
0.20 0.20 300 0.42
2.20 2.00 120 0.42
11.70 9.50 300 0.42
31.70 20.00 460 0.42
111.70 80.00 650 0.42
inf. inf. 850 0.40

Vs(0.0-30.0)=338m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

[w] yidsp perewns3

-100

Vs(0.0-30.0)=338m/s

W= [mfs]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 4.69 £ 0.31 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/L, 4.69 > 0.50

n¢(fo) > 200 3937.5 > 200

0a(f) < 2 for 0.5fo< f < 2f, if fp> 0.5Hz Exceeded 0 out of 226 times

Ga(f) < 3 for 0.5f,< f < 2f, if f,< 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f"in [fo/4, fo] | Aunv(f) <Ae/2 1.406 Hz

Exists T~ in [fo, 4fo] | Aun(f ) < Ao/ 2 9.781 Hz

Ap> 2 2.74>2

foeak[Annv(f) 20a(f)] = fo* 5% |0.06637] < 0.05 NO
or<e(fy) 0.31112 < 0.23438 NO
Oa(fo) <6(fo) 0.2548 < 1.58

Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition o<¢(fo)
Ao H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Apn(f ) < Ao/2
fr frequency between f, and 4f, for which Ayy(f *) < Ag/2
oa(f) standard deviation of Ayy(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Aun(f) curve
Gioghnv(f) threshold value for the stability condition ga(f) <6(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fo) [Hz] 0.25f, 0.2 f, 0.15fy 0.10fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 8(f,) for Gigrn(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T03 - LAXOLO Chiesa Parrocchiale Piazza S.Eurosia

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 21/01/00 06:22:58 End recording: 21/01/00 06:42:59
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20'00". Analysis performed on the entire trace.
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 17.5 + 3.38 Hz (in the range 0.0 - 64.0 Hz).

— Average HV

ALH

frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (spuw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 17.5 + 3.38 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HIV
e Synithetic HV

AFH

1)
01 1 10
frequency [Hz)

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
0.40 0.40 110 0.42
2.40 2.00 230 0.42
6.60 4.20 380 0.42
18.10 11.50 520 0.40
58.10 40.00 640 0.40
inf. inf. 970 0.42

Vs(0.0-30.0)=468m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del

11.03.2005 ¢ D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica
Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

100 200 300 400 500 600 700 800 300 1000
T T

[w] yidsp paewnsy

sl
Vs(3.5-33.6)=652m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 17.5 £ 3.38 Hz (in the range 0.0 - 64.0 Hz).
Criteria for a reliable H/V curve
[All 3 should be fulfilled]
fo>10/Ly 17.50 > 0.50
n¢(fo) > 200 21000.0 > 200
aa(f) < 2 for 0.5f< f < 2f, if fp> 0.5Hz Exceeded 0 out of 841 times
aa(f) < 3 for 0.5f< f < 2f, if < 0.5Hz
Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]
Exists f™in [fo/4, fo] | Aunv(f) <Ag/ 2 5.719 Hz
Exists f* in_[fy, 4f5] | Auv(f) <Ag/ 2 33.688 Hz
Ap> 2 2.68>2
Foea[Aun(f) 20a(A)] = fox 5% [0.19317] < 0.05 NO
o<e(fy) 3.38044 < 0.875 NO
0a(fo) <6(fo) 0.1873 < 1.58
Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition o<¢(fo)
Ao H/V peak amplitude at frequency f,
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Apn(f ) < Ao/2
f* frequency between f, and 4f, for which Ayy(f *) < Ag/2
oa(f) standard deviation of Ayy/(f), oa(f) is the factor by which the mean A (f) curve should be multiplied or divided
standard deviation of log Ayn(f) curve
Oiogrnv(f) threshold value for the stability condition oa(f) <8(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 05-1.0 1.0-20 >2.0
£(fy) [Hz] 0.25f, 0.2 f, 0.15fy 0.10fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 8(fy) for Gigrn(fo) 0.48 0.40 0.30 0.25 0.20




T04 -

Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

LAXOLO Frazione Carbolone

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 21/01/00 07:05:27 End recording: 21/01/00 07:25:28
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20'00". Analysis performed on the entire trace.
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 6.56 + 0.22 Hz (in the range 0.0 - 64.0 Hz).

[

— Average HV

ALH

W

0.1

1 10
frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (spuw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 6.56 + 0.22 Hz (in the range 0.0 - 64.0 Hz).

7 — Ayerage HIV
e Synithetic HV

AFH

1)
01 1 10
frequency [Hz)

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
0.60 0.60 111 0.40
4.10 3.50 231 0.40
14.10 10.00 380 0.40
26.10 12.00 590 0.40
66.10 40.00 620 0.40
inf. inf. 820 0.40

Vs(0.0-30.0)=408m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

100 200 300 400 500 600 700 800

[w] yidsp pejewns3

0EVs(0.0-30.0)=408m/s

s [myf's]

<

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 6.56 £ 0.22 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]
fo>10/L, 6.56 > 0.50
n¢(fo) > 200 7875.0 > 200
aa(f) < 2 for 0.5f< f < 2f, if fp> 0.5Hz Exceeded 0 out of 316 times
aa(f) < 3 for 0.5f< f < 2f, if < 0.5Hz
Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]
Exists f"in [fo/4, fo] | Auv(f) <Ag/ 2 NO
Exists f* in_[fy, 4f5] | Auv(f) < Ao/ 2 NO
Ap> 2 245>2
foeak[Aun(f) £oa(f)] = fo £ 5% 10.0342| < 0.05
or<e(fy) 0.22441 < 0.32813
oal(fo) <0(Fo) 0.1336 < 1.58
Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition o<¢(fo)
H/V peak amplitude at frequency f,
Ann(f) H/V curve amplitude at frequency f
- frequency between fo/4 and fo for which Apn(f ) < Ao/2
f* frequency between f, and 4f, for which Ayy(f *) < Ag/2
oa(f) standard deviation of Ayy/(f), oa(f) is the factor by which the mean A (f) curve should be multiplied or divided
standard deviation of log Ayn(f) curve
Oiogrnv(f) threshold value for the stability condition oa(f) <8(fo)
8(fo)
Threshold values for asand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fy) [Hz] 0.25 f, 0.2 f, 0.15fy 0.10fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log B(fo) for Oiogrn(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T05 - CADELFOGLIA Chiesa Parrocchiale

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 07/03/16 16:18:31 End recording: 07/03/16 16:38:32
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 90% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 27 63 + 20.27 Hz (in the range 0.0 - 64.0 Hz).

— Average HV

ALH

frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (spuw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HAV at 27.63 + 20 27 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HIV
e Synithetic HV

1)
01 1 10
frequency [Hz)

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
0.60 0.60 100 0.42
2.50 1.90 224 0.45
8.50 6.00 355 0.45
18.50 10.00 495 0.45
40.50 22.00 610 0.42
130.50 90.00 800 0.45
inf. inf. 1050 0.45

Vs(0.0-30.0)=426m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

300 600 300

e

[w] yidsp pejewns3

1

Vs(0.0-30.0)=426m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 27.63 * 20.27 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/L, 27.63 > 0.50

n(fo) > 200 29835.0 > 200

0a(f) < 2 for 0.5fo< f < 2f, if fp> 0.5Hz Exceeded 0 out of 1327 times

Ga(f) < 3 for 0.5f,< f < 2f, if f,< 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f in_[fo/4, fol | Aun(f) < Aol 2 NO
Exists T~ in [fo, 4%o] | Aun(f) < Ao/ 2 52.281 Hz
Ap> 2 2.93>2
FooalAu(f) 20a(0] = fo % 5% [0.7336] < 0.05 NO
or<elfy) 20.26572 < 1.38125 NO
aalfs) <0(fo) 0.2167 < 1.58

Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition o<¢(fo)
Ao H/V peak amplitude at frequency f,
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Apn(f ) < Ao/2
f* frequency between f, and 4f, for which Ayy(f *) < Ag/2
oa(f) standard deviation of Ayy/(f), oa(f) is the factor by which the mean A (f) curve should be multiplied or divided
standard deviation of log Ayn(f) curve
Oiogrnv(f) threshold value for the stability condition oa(f) <8(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 05-1.0 1.0-20 >2.0
£(fy) [Hz] 0.25f, 0.2 f, 0.15fy 0.10fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Oiogrn(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T06 - GEROSA Scuola Elementare Via papa Giovanni XXIII

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 07/03/16 16:58:36 End recording: 07/03/16 17:18:37
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 70% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 55.0 + 33.6 Hz (in the range 0.0 - 64.0 Hz).

7 s Ay2r3 00 HIV

MiH

frequency [Hz]

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (spuw)

/

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 55.0 + 33.6 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HIV
e Synithetic HV

AFH

1)
01 1 10
frequency [Hz)

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
0.60 0.60 127 0.42
3.60 3.00 266 0.42
12.30 8.70 400 0.42
92.30 80.00 610 0.45
inf. inf. 820 0.40

Vs(0.0-30.0)=449m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del

11.03.2005 ¢ D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica
Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

100 200 300 400 500 600 700 )

[w] yidsp pejewns3

1

Vs(0.0-30.0)=449m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 55.0 £ 33.6 Hz (in the range 0.0 - 64.0 Hz).
Criteria for a reliable H/V curve
[All 3 should be fulfilled]
fo>10/Ly 55.00 > 0.50
n¢(fo) > 200 46200.0 > 200
aa(f) < 2 for 0.5f< f < 2f, if fp> 0.5Hz Exceeded 0 out of 1169 times
aa(f) < 3 for 0.5f< f < 2f, if < 0.5Hz
Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]
Exists f™in [fo/4, fo] | Aunv(f) <Ag/ 2 38.625 Hz
Exists f* in_[fy, 4f5] | Auv(f) <Ag/ 2 NO
Ap> 2 2.52>2
foeak[Ann(f) 2oa(f)] = fo £ 5% 10.61097| < 0.05 NO
o<e(fo) 33.60309 < 2.75 NO
0a(fo) <6(fo) 0.1195 < 1.58
Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition o<¢(fo)
Ao H/V peak amplitude at frequency f,
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Apn(f ) < Ao/2
f* frequency between f, and 4f, for which Ayy(f *) < Ag/2
oa(f) standard deviation of Ayy/(f), oa(f) is the factor by which the mean A (f) curve should be multiplied or divided
standard deviation of log Ayn(f) curve
Oiogrnv(f) threshold value for the stability condition oa(f) <8(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 05-1.0 1.0-20 >2.0
£(fy) [Hz] 0.25f, 0.2 f, 0.15fy 0.10fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 8(fy) for Gigrn(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T07 —- BREMBILLA Piazzale Ex Zanardi

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 28/11/16 15:10:50 End recording: 28/11/16 15:30:51
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 60% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 2.81 + 0.5 Hz (in the range 0.0 - 64.0 Hz).

7 s Ay2r3 00 HIV

MiH

frequency [Hz]

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (spuw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HA at 2.81 + 0.5 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HIV
e Synithetic HV

AFH

1)
01 1 10
frequency [Hz)

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio

0.60 0.60 110 0.42
3.00 2.40 235 0.40
11.00 8.00 300 0.45
14.00 3.00 394 0.45
39.00 25.00 500 0.45
74.00 35.00 604 0.45

inf. inf. 760 0.45

Vs(0.0-30.0)=366m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del

11.03.2005 ¢ D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica
Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

100 200 300 400 500 600 700 800

[w] yidsp pejewns3

1

Vs(0.0-30.0)=366m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 2.81 £ 0.5 Hz (in the range 0.0 - 64.0 Hz).
Criteria for a reliable H/V curve
[All 3 should be fulfilled]
fo>10/Ly 2.81>0.50
n¢(fo) > 200 2025.0 > 200
aa(f) < 2 for 0.5f< f < 2f, if fp> 0.5Hz Exceeded 0 out of 136 times
aa(f) < 3 for 0.5f< f < 2f, if < 0.5Hz
Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]
Exists f™in [fo/4, fo] | Aunv(f) <Ag/ 2 NO
Exists f* in_[fy, 4f5] | Auv(f) <Ag/ 2 8.281 Hz
Ap> 2 2.06 >2
Foea[Aun(f) 20a(A)] = fox 5% |0.17666] < 0.05 NO
or<e(fy) 0.49684 < 0.14063 NO
oal(fo) <0(Fo) 0.2601 < 1.58
Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition a<g(fo)
Ao H/V peak amplitude at frequency fy,
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fy for which Aup(f ) < Ao/2
f* frequency between f, and 4f, for which Apn(f *) < Ag/2
aa(f) standard deviation of Ay(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayn(f) curve
Giogrv(f) threshold value for the stability condition aa(f) <6(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 05-1.0 1.0-20 >2.0
£(fy) [Hz] 0.25f, 0.2 f, 0.15fy 0.10fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 8(fy) for Gigrn(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T08 - GEROSA Localita Valsalogna

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 16/01/17 16:54:56 End recording: 16/01/17 17:14:56
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 45% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 11.22 + 4.38 Hz (in the range 0.0 - 64.0 Hz).

7 s Ay2r3 00 HIV

MiH

frequency [Hz]

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (spuw)

-EI 1 1 10
frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 11.22 + 4 38 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HIV
5 e Synithetic HV

AFH

R R e
UM 1 frequency [Hz] 10
Depth at the bottom of the Thickness [m] Vs [m/s] Poisson ratio
layer [m]

1.30 1.30 180 0.42
5.00 3.70 250 0.42
10.50 5.50 340 0.45
42.50 32.00 405 0.42

inf. inf. 550 0.40

Vs(0.0-30.0)=347m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

200 300 400 500 600

[w] yidsp pejewns3

Vs(0.0-30.0)=347m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theG i | | amanual before interpreting the following tables.]

Max. H/V at 11.22 * 4.38 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/L, 11.22 > 0.50

n¢(fo) > 200 6058.1 > 200

aa(f) < 2 for 0.5f,< f < 2f, if fp> 0.5Hz Exceeded 0 out of 540 times

0a(f) < 3 for 0.5f,< f < 2f, if fo< 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fo/4, fol | Auv(f) <Aq/ 2 NO
Exists f in [fy, 4f5] | Auv(f’) <A/ 2 18.875 Hz
Ap> 2 1.63>2 NO
Foeak[Ann(f) 20a(f)] = fo £ 5% |0.39016] < 0.05 NO
or<e(f) 4.37712 < 0.56094 NO
aal(fo) <0(Fo) 0.2267 < 1.58
Lw window length
Ny number of windows used in the analysis
ne =Ly nyfo number of significant cycles
current frequency
fo H/V peak frequency
O standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition or<g(fy)
Ao H/V peak amplitude at frequency f,
Ann(f) H/V curve amplitude at frequency f
f- frequency between fy/4 and f, for which Ayy(f %) < A¢/2
fr frequency between f, and 4f, for which Apn(f *) < A2
oa(f) standard deviation of Ayn(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayy(f) curve
Oiogn(f) threshold value for the stability condition oa(f) <6(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 05-1.0 1.0-2.0 >2.0
£(fo) [Hz] 0.25f, 0.2f, 0.15f, 0.10 fy 0.05 f,
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Tiegrnv(fo) 0.48 0.40 0.30 0.25 0.20




T09 -

Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

LAXOLO Frazione Pagliaro

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 14/02/17 12:07:19 End recording: 14/02/17 12:27:20
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20'00". Analysis performed on the entire trace.
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 5.25 + 4 04 Hz (in the range 0.0 - 64.0 Hz).

— Average HV

ALH

frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (spuw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 5.25 + 4.04 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HIV
e Synithetic HV

AFH

1)
01 1 10
frequency [Hz)

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio

1.00 1.00 115 0.42
4.00 3.00 240 0.42
11.00 7.00 320 0.45
19.00 8.00 450 0.42
34.00 15.00 520 0.42
84.00 50.00 630 0.42

inf. inf. 800 0.45

Vs(0.0-30.0)=366m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

100 200 300 400 500 600 700 800

[w] yidsp pejewns3

1

Vs(0.0-30.0)=366m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 5.25 £ 4.04 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/L, 5.25>0.50

n(fo) > 200 6300.0 > 200

0a(f) < 2 for 0.5fo< f < 2f, if fp> 0.5Hz Exceeded 0 out of 253 times

Ga(f) < 3 for 0.5f,< f < 2f, if f,< 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f in_[fo/4, fol | Aun(f) < Aol 2 2.938 Hz
Exists T~ in [fo, 4%o] | Aun(f) < Ao/ 2 10.281 Hz
Ap> 2 2.77>2
FooalAu(f) 20a(0] = fo % 5% [0.76922] < 0.05 NO
or<elfy) 4.03841 < 0.2625 NO
Oalfa) <6(fo) 0.2125< 1.58

Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition o<¢(fo)
Ao H/V peak amplitude at frequency f,
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Apn(f ) < Ao/2
f* frequency between f, and 4f, for which Ayy(f *) < Ag/2
oa(f) standard deviation of Ayy/(f), oa(f) is the factor by which the mean A (f) curve should be multiplied or divided
standard deviation of log Ayn(f) curve
Oiogrnv(f) threshold value for the stability condition oa(f) <8(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 05-1.0 1.0-20 >2.0
£(fy) [Hz] 0.25f, 0.2 f, 0.15fy 0.10fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Oiogrn(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T10 - LAXOLO Zona Artigianale Ca Noa

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 14/02/17 12:37:33 End recording: 14/02/17 12:57:34
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 63% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 4.91 + 0.11 Hz (in the range 0.0 - 64.0 Hz).

7 — Average HV

e w o
ALH

01 1 10
frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (spuw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 4.91 + 0.11 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HIV
e Synithetic HV

1)
0.1

frequency [Hz)

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
4.20 4.20 123 0.45
13.70 9.50 280 0.45
17.70 4.00 350 0.45
28.70 11.00 380 0.45
68.70 40.00 500 0.45
inf. inf. 630 0.45

Vs(0.0-30.0)=270m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

[w] yidsp pejewns3

Al
Vs(0.0-30.0)=270m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 4.91 £ 0.11 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/L, 4.91>0.50

n(fo) > 200 3728.8 > 200

0a(f) < 2 for 0.5fo< f < 2f, if fp> 0.5Hz Exceeded 0 out of 236 times

Ga(f) < 3 for 0.5f,< f < 2f, if f,< 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fo/4, fo] | Aunv(f) <Ag/ 2 2.094 Hz
Exists f* in_[fy, 4f5] | Auv(f) <Ag/ 2 9.531 Hz
Ap> 2 545>2
foeak[Aun(f) £oa(f)] = fo £ 5% 10.02175| < 0.05
o<e(fy) 0.1067 < 0.24531
oal(fo) <0(Fo) 0.3497 < 1.58
Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition o<¢(fo)
H/V peak amplitude at frequency f,
Ann(f) H/V curve amplitude at frequency f
- frequency between fo/4 and fo for which Apn(f ) < Ao/2
f* frequency between f, and 4f, for which Ayy(f *) < Ag/2
oa(f) standard deviation of Ayy/(f), oa(f) is the factor by which the mean A (f) curve should be multiplied or divided
standard deviation of log Ayn(f) curve
Oiogrnv(f) threshold value for the stability condition oa(f) <8(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 05-1.0 1.0-20 >2.0
£(fy) [Hz] 0.25f, 0.2 f, 0.15fy 0.10fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Oiogrn(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T11 — LAXOLO Rsa Santa Maria Via Ca Noa

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 14/02/17 13:04:15 End recording: 14/02/17 13:24:16
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 57% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 3.88 + 2.36 Hz (in the range 0.0 - 64.0 Hz).

7 — Average HV

ALH

[

M

01 1 10
frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. H/V at 3.86 + 2.36 Hz_ {In the range 0.0 - 64.0 Hz).

— AyErAGE HA
Synthetic HV

AFH

a
01 1 10
frequency [Hz]

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
1.40 1.40 130 0.45
7.20 5.80 240 0.45
25.20 18.00 400 0.45
45.20 20.00 523 0.45
125.20 80.00 600 0.45
inf. inf. 720 0.45

Vs(0.0-30.0)=337m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

[w] yidsp pejewns3

1

Vs(0.0-30.0)=337m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 3.88 £ 2.36 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/L, 3.88 >0.50

n(fy) > 200 2635.0 > 200

0a(f) < 2 for 0.5fo< f < 2f, if fp> 0.5Hz Exceeded 0 out of 187 times

Ga(f) < 3 for 0.5f,< f < 2f, if f,< 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fo/4, fo] | Auv(f) <Ag/2 NO
Exists f* in_[fy, 4f5] | Auv(f) < Ao/ 2 13.563 Hz
Ap> 2 2.20>2
Foea[Aun(f) 20a(A)] = fox 5% |0.6089] < 0.05 NO
oi<e(fo) 2.35949 < 0.19375 NO
oal(fo) <0(Fo) 0.2637 < 1.58
Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition o<¢(fo)
Ao H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Apn(f ) < Ao/2
fr frequency between f, and 4f, for which Ayy(f *) < Ag/2
oa(f) standard deviation of Ayy/(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayn(f) curve
Giogrnv(f) threshold value for the stability condition ga(f) <6(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fy) [Hz] 0.25f, 0.2 f, 0.15fy 0.10fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log B(fo) for Oiogrn(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T12 — LAXOLO Frazione Caberardi

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 14/02/17 14:35:47 End recording: 14/02/17 14:55:47
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 45% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 522 +4.11 Hz (in the range 0.0 - 64.0 Hz).

7 — Average HV

ALH

[

01 1 10
frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 522 + 411 Hz_ {In the range 0.0 - 64.0 Hz).

— AyErAGE HA
Synthetic HV

a
01 1 10
frequency [Hz]

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
2.70 2.70 120 0.45
12.70 10.00 240 0.40
42.70 30.00 405 0.40
77.70 35.00 460 0.45
inf. inf. 560 0.40

Vs(0.0-30.0)=281m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

100 200 300 400 500

[w] yidsp pejewns3

]

| Vs(0.0-30.0=281m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theG i | | amanual before interpreting the following tables.]

Max. H/V at 5.22 * 4.11 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/L, 5.22>0.50

n¢(fo) > 200 2818.1 > 200

aa(f) < 2 for 0.5f,< f < 2f, if fp> 0.5Hz Exceeded 0 out of 252 times

0a(f) < 3 for 0.5f,< f < 2f, if fo< 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fo/4, fo] | Auv(f) <Ae/ 2 NO
Exists f in [fy, 4f5] | Auv(f’) <A/ 2 16.344 Hz
Ap> 2 2.69>2
foeak[Ann(f) 20a(f)] = fo £ 5% |0.78714] < 0.05 NO
or<e(f) 4.1079 < 0.26094 NO
aal(fo) <0(Fo) 0.6101 < 1.58
Ly window length
Ny number of windows used in the analysis
ne =Ly nyfo number of significant cycles
f current frequency
fo H/V peak frequency
O standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition oi<g(fo)
Ao H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f- frequency between fy/4 and f, for which Ayy(f %) < A¢/2
fr frequency between f, and 4f, for which Apyn(f *) < Ag/2
oa(f) standard deviation of Ayy(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayy(f) curve
Oiogn(f) threshold value for the stability condition oa(f) <6(fo)
9(fo)
Threshold values for g;and ga(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fo) [Hz] 0.25f, 0.2f, 0.15f, 0.10 fy 0.05 f,
6(fo) for oa(fo) 3.0 25 2.0 1.78 1.58
log 6(fo) for Tiegrnv(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T13 — BREMBILLA Frazione Garateno

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 14/02/17 15:24:54 End recording: 14/02/17 15:44:55
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 62% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 4 25 + 0.65 Hz_ {In the range 0.0 - 64.0 Hz).

7 — Average HV

ALH

[

01 1 10
frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 4.25 + 0.65 Hz_ {In the range 0.0 - 64.0 Hz).

7 — AyErAGE HA
Synthetic HV

a
01 1 10
frequency [Hz]

Depth at the bottom of the Thickness [m] Vs [m/s] Poisson ratio
layer [m]
0.60 0.60 131 0.45
5.60 5.00 203 0.45
19.60 14.00 380 0.45
44.60 25.00 560 0.45
99.60 55.00 660 0.45
199.60 100.00 774 0.45
inf. inf. 900 0.40

Vs(0.0-30.0)=355m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

100 200 300 400 500 600 700 800 300

o0k

[w] yidsp pejewns3

fa

-200[-vs(0.0-30.0)=355m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theG i | | amanual before interpreting the following tables.]

Max. H/V at 4.25 * 0.65 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/L, 4.25>0.50

n¢(fo) > 200 3145.0 > 200

aa(f) < 2 for 0.5f,< f < 2f, if fp> 0.5Hz Exceeded 0 out of 205 times

0a(f) < 3 for 0.5f,< f < 2f, if fo< 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f in [f4, fo] | Aan(f) < Ag/ 2 1.938 Hz

Exists f~in_[fo, 4fg] | Aun(fT) <A/ 2 7.438 Hz

Ao> 2 291>2

foeak[Ann(f) 20a(f)] = fo £ 5% |0.15179] < 0.05 NO
or<e(f) 0.6451 <0.2125 NO
aal(fo) <0(Fo) 0.3239 < 1.58
Ly window length
Ny number of windows used in the analysis
ne =Ly nyfo number of significant cycles
f current frequency
fo H/V peak frequency
O standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition oi<g(fo)
Ao H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f- frequency between fy/4 and f, for which Ayy(f %) < A¢/2
fr frequency between f, and 4f, for which Apyn(f *) < Ag/2
oa(f) standard deviation of Ayy(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayy(f) curve
Oiogn(f) threshold value for the stability condition oa(f) <6(fo)
9(fo)
Threshold values for g;and ga(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fo) [Hz] 0.25f, 0.2f, 0.15f, 0.10 fy 0.05 f,
6(fo) for oa(fo) 3.0 25 2.0 1.78 1.58
log 6(fo) for Tiegrnv(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T14- GEROSA Frazione Bura

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 15/02/17 16:06:31 End recording: 15/02/17 16:26:32
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 53% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 4.69 + 0.37 Hz_ {In the range 0.0 - 64.0 Hz).

7 — Average HV

ALH

j W

01 1 10
frequency [Hz)

H/V TIME HISTORY

min



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 469 + 0.37 Hz_ {In the range 0.0 - 64.0 Hz).

— AyErAGE HA
Synthetic HV

a
01 1 10
frequency [Hz]

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio

0.80 0.80 120 0.45
5.30 4.50 200 0.45
9.80 4.50 320 0.45
16.80 7.00 335 0.42
25.80 9.00 430 0.45
85.80 60.00 480 0.40

inf. inf. 560 0.40

Vs(0.0-30.0)=320m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del

11.03.2005 ¢ D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica
Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

100 200 300 400 500

[w] yidsp pejewns3

]

a0 Vs(0.0-30.0)=320m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theG i | | amanual before interpreting the following tables.]

Max. H/V at 4.69 * 0.37 Hz (in the range 0.0 - 64.0 Hz).
Criteria for a reliable H/V curve
[All 3 should be fulfilled]
fo>10/Ly 4.69 > 0.50
nc(fo) > 200 3000.0 > 200
aa(f) < 2 for 0.5f,< f < 2f, if fp> 0.5Hz Exceeded 0 out of 226 times
0a(f) < 3 for 0.5f,< f < 2f, if fo< 0.5Hz
Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]
Exists f™in [fo/4, fo] | Auv(f) <Ae/ 2 2.813 Hz
Exists f in [fy, 4f5] | Auv(f’) <A/ 2 6.969 Hz
Ap> 2 2.54>2
Foeak[Ann(f) 20a(f)] = fo £ 5% |0.07926] < 0.05 NO
or<e(f) 0.37153 < 0.23438 NO
Oa(fo) <6(fo) 0.7095 < 1.58
Ly window length
Ny number of windows used in the analysis
ne =Ly nyfo number of significant cycles
f current frequency
fo H/V peak frequency
O standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition oi<g(fo)
Ao H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f- frequency between fy/4 and f, for which Ayy(f %) < A¢/2
fr frequency between f, and 4f, for which Apyn(f *) < Ag/2
oa(f) standard deviation of Ayy(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayy(f) curve
Oiogn(f) threshold value for the stability condition oa(f) <6(fo)
9(fo)
Threshold values for g;and ga(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fo) [Hz] 0.25f, 0.2f, 0.15f, 0.10 fy 0.05 f,
6(fo) for oa(fo) 3.0 25 2.0 1.78 1.58
log 6(fo) for Tiegrnv(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T15 - GEROSA Via Papa Giovanni XXIll bassa

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 15/02/17 16:37:27 End recording: 15/02/17 16:57:27
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 83% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 6.44 + 0.07 Hz_ {In the range 0.0 - 64.0 Hz).

[

— Average HV

ALH

0.1

frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 6.44 + 0.07 Hz_ {In the range 0.0 - 64.0 Hz).

— AyErAGE HA
Synthetic HV

a
01 1 10
frequency [Hz]

Depth at the bottom of the Thickness [m] Vs [m/s] Poisson ratio
layer [m]
0.50 0.50 130 0.45
6.50 6.00 220 0.45
14.50 8.00 400 0.45
29.50 15.00 520 0.45
59.50 30.00 600 0.45
109.50 50.00 680 0.45
inf. inf. 800 0.45

Vs(0.0-30.0)=371m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

100 200 300 400 500 600 700 800

[w] yidsp pejewns3

Vs(0.0-30.0)=371m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 6.44 £ 0.07 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

f>10/L, 6.44 > 0.50

n.(fo) > 200 6437.5 > 200
Oa(f) < 2 for 0.5f< f < 2f, if fo> 0.5Hz Exceeded 0 out of 310 times
Ga(f) < 3 for 0.5f,< f < 2f, if f,< 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fo/4, fo] | Auv(f) <Ag/2 3.25 Hz
Exists f* in_[fy, 4f5] | Auv(f) < Ao/ 2 8.813 Hz
Ap> 2 3.84>2
foeak[Aun(f) £oa(f)] = fo £ 5% |0.01046| < 0.05
o<e(fo) 0.06731 < 0.32188
oal(fo) <0(Fo) 0.3018 < 1.58
Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition o<¢(fo)
0 H/V peak amplitude at frequency f,
Ann(f) H/V curve amplitude at frequency f
- frequency between fo/4 and fo for which Apn(f ) < Ao/2
fr frequency between f, and 4f, for which Ayy(f *) < Ag/2
oa(f) standard deviation of Ayy/(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayn(f) curve
Giogrnv(f) threshold value for the stability condition ga(f) <6(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fy) [Hz] 0.25f, 0.2 f, 0.15fy 0.10fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log B(fo) for Oiogrn(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T16 - GEROSA Frazione Blello

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 15/02/17 17:09:52 End recording: 15/02/17 17:29:52
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20'00". Analysis performed on the entire trace.
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HW at 10.94 + 0.19 Hz. (In the range 0.0 - 64.0 Hz).

— Average HV

ALH

frequency [Hz)

H/V TIME HISTORY

min



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HA at 10.94 + 0.19 Hz_ (In the range 0.0 - 64.0 Hz).

7 — AyErAGE HA
Synthetic HV

a
01 1 10
frequency [Hz]

Depth at the bottom of the Thickness [m] Vs [m/s] Poisson ratio
layer [m]
0.53 0.53 121 0.45
5.03 4.50 223 0.45
20.03 15.00 446 0.45
80.03 60.00 554 0.45
inf. inf. 760 0.45

Vs(0.0-30.0)=394m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

100 200 300 400 500 600 700

[w] yidsp pejewns3

a0l
Vs(0.0-30.0)=394m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theG i | | amanual before interpreting the following tables.]

Max. H/V at 10.94 £ 0.19 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/Ly 10.94 > 0.50

nc(fo) > 200 13125.0 > 200
aa(f) < 2 for 0.5f,< f < 2f, if fp> 0.5Hz Exceeded 0 out of 526 times
0a(f) < 3 for 0.5f,< f < 2f, if fo< 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fo/4, fo] | Auv(f) <Ae/ 2 5.219 Hz
Exists f in [fy, 4f5] | Auv(f’) <A/ 2 15.5 Hz
Ap> 2 3.34>2
Focak[Anv(f) £0a(f)] = fo £ 5% [0.01725| < 0.05
or<e(f) 0.18867 < 0.54688
aal(fo) <0(Fo) 0.2972 < 1.58
Ly window length
Ny number of windows used in the analysis
ne =Ly nyfo number of significant cycles
f current frequency
fo H/V peak frequency
O standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition oi<g(fo)
H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
- frequency between fy/4 and f, for which Ayy(f %) < A¢/2
fr frequency between f, and 4f, for which Apyn(f *) < Ag/2
oa(f) standard deviation of Ayy(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayy(f) curve
Oiogn(f) threshold value for the stability condition oa(f) <6(fo)
9(fo)
Threshold values for g;and ga(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fo) [Hz] 0.25f, 0.2f, 0.15f, 0.10 fy 0.05 f,
6(fo) for oa(fo) 3.0 25 2.0 1.78 1.58
log 6(fo) for Tiegrnv(fo) 0.48 0.40 0.30 0.25 0.20




T17 -

Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

GEROSA Frazione Musita

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 15/02/17 17:39:14 End recording: 15/02/17 17:59:15
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20'00". Analysis performed on the entire trace.
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 4.94 + 9.81 Hz (in the range 0.0 - 64.0 Hz).

— Average HV

ALH

frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 4.94 + 9.81 Hz_ {In the range 0.0 - 64.0 Hz).

— AyErAGE HA
Synthetic HV

AFH

a
01 1 10
frequency [Hz]

Depth at the bottom of the Thickness [m] Vs [m/s] Poisson ratio
layer [m]

1.80 1.80 220 0.45

7.30 5.50 470 0.45
13.90 6.60 604 0.45
21.80 7.90 700 0.45
49.80 28.00 850 0.45

inf. inf. 1200 0.45

Vs(0.0-30.0)=580m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del

11.03.2005 ¢ D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica
Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

300 600 300 1200
T

[w] yidsp pejewns3

Vs(0.0-30.0)=580m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theG i | | amanual before interpreting the following tables.]

Max. H/V at 4.94 * 9.81 Hz (in the range 0.0 - 64.0 Hz).
Criteria for a reliable H/V curve
[All 3 should be fulfilled]
fo>10/Ly 4.94 > 0.50
nc(fo) > 200 5925.0 > 200
aa(f) < 2 for 0.5f,< f < 2f, if fp> 0.5Hz Exceeded 0 out of 238 times
0a(f) < 3 for 0.5f,< f < 2f, if fo< 0.5Hz
Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]
Exists f™in [fo/4, fo] | Auv(f) <Ae/ 2 2.0 Hz
Exists f in [fy, 4f5] | Auv(f’) <A/ 2 6.969 Hz
Ap> 2 2.79>2
Foeak[Ann(f) 20a(f)] = fo £ 5% [1.98772| < 0.05 NO
or<e(f) 9.81434 < 0.24688 NO
Oa(fo) <6(fo) 0.1993 < 1.58
Ly window length
Ny number of windows used in the analysis
ne =Ly nyfo number of significant cycles
f current frequency
fo H/V peak frequency
O standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition oi<g(fo)
Ao H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f- frequency between fy/4 and f, for which Ayy(f %) < A¢/2
fr frequency between f, and 4f, for which Apyn(f *) < Ag/2
oa(f) standard deviation of Ayy(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayy(f) curve
Oiogn(f) threshold value for the stability condition oa(f) <6(fo)
9(fo)
Threshold values for g;and ga(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fo) [Hz] 0.25f, 0.2f, 0.15f, 0.10 fy 0.05 f,
6(fo) for oa(fo) 3.0 25 2.0 1.78 1.58
log 6(fo) for Tiegrnv(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T18 - BREMBILLA Via Marconi

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 15/02/17 18:36:43 End recording: 15/02/17 18:56:44
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 87% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 7.41 + 1.09 Hz_ {In the range 0.0 - 64.0 Hz).

[

— Average HV

ALH

M

0.1

1 10
frequency [Hz)

H/V TIME HISTORY

min



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 7.41 + 1.09 Hz_ {In the range 0.0 - 64.0 Hz).

— AyErAGE HA
Synthetic HV

AFH

a
01 1 10
frequency [Hz]

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
1.75 1.75 140 0.42
8.45 6.70 280 0.42
24.45 16.00 470 0.45
42.45 18.00 560 0.42
102.45 60.00 650 0.45
inf. inf. 840 0.45

Vs(0.0-30.0)=373m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

100 200 300 400 500 600 700 800

[w] yidsp pejewns3

100

]

Vs(0.0-30.0)=373m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theG i | | amanual before interpreting the following tables.]

Max. H/V at 7.41 * 1.09 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/L, 7.41>0.50

n{fo) > 200 7702.5 > 200

aa(f) < 2 for 0.5f,< f < 2f, if fp> 0.5Hz Exceeded 0 out of 356 times

0a(f) < 3 for 0.5f,< f < 2f, if fo< 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fo/4, fo] | Auv(f) <Ae/ 2 NO
Exists f in [fy, 4f5] | Auv(f’) <A/ 2 22.188 Hz
Ap> 2 2.54>2
foeak[Ann(f) 20a(f)] = fo £ 5% |0.14691] < 0.05 NO
or<e(f) 1.08805 < 0.37031 NO
aal(fo) <0(Fo) 0.1513 < 1.58
Ly window length
Ny number of windows used in the analysis
ne =Ly nyfo number of significant cycles
f current frequency
fo H/V peak frequency
O standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition oi<g(fo)
Ao H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f- frequency between fy/4 and f, for which Ayy(f %) < A¢/2
fr frequency between f, and 4f, for which Apyn(f *) < Ag/2
oa(f) standard deviation of Ayy(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayy(f) curve
Oiogn(f) threshold value for the stability condition oa(f) <6(fo)
9(fo)
Threshold values for g;and ga(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fo) [Hz] 0.25f, 0.2f, 0.15f, 0.10 fy 0.05 f,
6(fo) for oa(fo) 3.0 25 2.0 1.78 1.58
log 6(fo) for Tiegrnv(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T19 — LAXOLO Frazione Caremondi

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 14/02/17 11:23:59 End recording: 14/02/17 11:44:00
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20'00". Analysis performed on the entire trace.
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 15.31 + 0.68 Hz (in the range 0.0 - 64.0 Hz).

7 — Average HV

frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 15.31 + 0.68 Hz (in the range 0.0 - 64.0 Hz).

7 — AyErAGE HA
Synthetic HV

a
01 1 10
frequency [Hz]

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio

0.55 0.55 118 0.45
3.05 2.50 235 0.45
6.45 3.40 390 0.45
9.75 3.30 470 0.45
19.75 10.00 540 0.45
31.75 12.00 650 0.45
81.75 50.00 730 0.45

inf. inf. 980 0.45

Vs(0.0-30.0)=459m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

100 200 300 400 500 600 700 ) 00 1000
T

[w] yidsp pejewns3

Vs(0.0-30.0)=459m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 15.31 £ 0.68 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/Ly 15.31>0.50

nc(fo) > 200 18375.0 > 200
aa(f) < 2 for 0.5f,< f < 2f, if fp> 0.5Hz Exceeded 0 out of 736 times
0a(f) < 3 for 0.5f,< f < 2f, if fo< 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fo/4, fo] | Auv(f) <Ae/ 2 4.594 Hz
Exists f in [fy, 4f5] | Auv(f’) <A/ 2 25.969 Hz
Ap> 2 3.26>2
foeak[Ann(f) 20a(f)] = fo £ 5% |0.04424| < 0.05
or<e(f) 0.6774 < 0.76563
aal(fo) <0(Fo) 0.1352 < 1.58
Ly window length
Ny number of windows used in the analysis
ne =Ly nyfo number of significant cycles
f current frequency
fo H/V peak frequency
O standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition oi<g(fo)
H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
- frequency between fy/4 and f, for which Ayy(f %) < A¢/2
fr frequency between f, and 4f, for which Apyn(f *) < Ag/2
oa(f) standard deviation of Ayy(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayy(f) curve
Oiogn(f) threshold value for the stability condition oa(f) <6(fo)
9(fo)
Threshold values for g;and ga(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fo) [Hz] 0.25f, 0.2f, 0.15f, 0.10 fy 0.05 f,
6(fo) for oa(fo) 3.0 25 2.0 1.78 1.58
log 6(fo) for Tiegrnv(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T20 —- BREMBILLA Frazione Sottocamorone

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 03/03/17 17:45:14 End recording: 03/03/17 18:05:15
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 38% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 7.75 + 0.65 Hz_ {In the range 0.0 - 64.0 Hz).

7 — Average HV

e w o
ALH

01 1 10
frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 7.75 + 0.65 Hz_ {In the range 0.0 - 64.0 Hz).

7 — AyErAGE HA
Synthetic HV

a
01 1 10
frequency [Hz]

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
1.20 1.20 150 0.45
5.20 4.00 284 0.45
18.20 13.00 490 0.45
53.20 35.00 825 0.45
64.20 11.00 900 0.45
154.20 90.00 1130 0.45
284.20 130.00 1250 0.45
inf. inf. 1490 0.42

Vs(0.0-30.0)=477m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

300 600 500 1200 1500
T

o0k

150

[w] yidsp pejewns3

-2001

250

Vs(0.0-30.0)=47Tm/s

-300- s [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 7.75 £ 0.65 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/L, 7.75>0.50

n(fy) > 200 3565.0 > 200

0a(f) < 2 for 0.5fo< f < 2f, if fp> 0.5Hz Exceeded 0 out of 373 times

Ga(f) < 3 for 0.5f,< f < 2f, if f,< 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fo/4, fo] | Auv(f) <Ag/2 3.281 Hz
Exists f* in_[fy, 4f5] | Auv(f) < Ao/ 2 18.813 Hz
Ap> 2 3.84>2
Foea[Aun(f) 20a(A)] = fox 5% |0.08353]| < 0.05 NO
oi<e(fo) 0.64733 < 0.3875 NO
oal(fo) <0(Fo) 0.4731 < 1.58
Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition o<¢(fo)
Ao H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Apn(f ) < Ao/2
fr frequency between f, and 4f, for which Ayy(f *) < Ag/2
oa(f) standard deviation of Ayy/(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayn(f) curve
Giogrnv(f) threshold value for the stability condition ga(f) <6(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fy) [Hz] 0.25f, 0.2 f, 0.15fy 0.10fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log B(fo) for Oiogrn(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T21 — BREMBILLA Frazione Cadamone

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 03/03/17 18:27:45 End recording: 03/03/17 18:47:46
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 75% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 5.78 + 0.07 Hz (in the range 0.0 - 64.0 Hz).

7 — Average HV

frequency [Hz)

H/V TIME HISTORY

min



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 5.78 + 0.07 Hz (in the range 0.0 - 64.0 Hz).

— AyErAGE HA
Synthetic HV

a
01 1 10
frequency [Hz]

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
0.60 0.60 130 0.42
4.60 4.00 267 0.42
11.20 6.60 247 0.42
56.20 45.00 560 0.42
146.20 90.00 680 0.42
inf. inf. 760 0.42

Vs(0.0-30.0)=376m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

100 200 300 400 500 600 700

[w] yidsp pejewns3

100

1501 Vs(0.0-30.0)=376m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theG i | | amanual before interpreting the following tables.]

Max. H/V at 5.78 * 0.07 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/L,

5.78 > 0.50

n{fo) > 200

5203.1 > 200

aa(f) < 2 for 0.5f,< f < 2f, if f,> 0.5Hz

Exceeded 0 out of 278 times

0a(f) < 3 for 0.5f,< f < 2f, if fo< 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fo/4, fo] | Auv(f) <Aq/ 2 2.969 Hz
Exists f in [fy, 4f5] | Auv(f’) <A/ 2 8.094 Hz
Ap> 2 2.92>2
foeak[Ann(f) 20a(f)] = fo £ 5% |0.01277] < 0.05
or<e(f) 0.0738 < 0.28906
aal(fo) <0(Fo) 0.1836 < 1.58
Ly window length
Ny number of windows used in the analysis
ne =Ly nyfo number of significant cycles
f current frequency
fo H/V peak frequency
O standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition oi<g(fo)
H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f- frequency between fy/4 and f, for which Ayy(f %) < A¢/2
fr frequency between f, and 4f, for which Apyn(f *) < Ag/2
oa(f) standard deviation of Ayy(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayy(f) curve
Oiogn(f) threshold value for the stability condition oa(f) <6(fo)
9(fo)
Threshold values for g;and ga(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fo) [Hz] 0.25f, 0.2f, 0.15f, 0.10 fy 0.05 f,
6(fo) for oa(fo) 3.0 25 2.0 1.78 1.58
log 6(fo) for Tiegrnv(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T22 —- BREMBILLA Frazione Ca Bonocchio

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 03/03/17 16:27:21 End recording: 03/03/17 16:47:22
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20'00". Analysis performed on the entire trace.
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 5.16 + 0.89 Hz_ {In the range 0.0 - 64.0 Hz).

— Average HV

ALH

frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 516 + 0.89 Hz_ {In the range 0.0 - 64.0 Hz).

— AyErAGE HA
Synthetic HV

a
01 1 10
frequency [Hz]

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
1.20 1.20 140 0.42
415 2.95 293 0.42
9.55 5.40 405 0.45
33.55 24.00 600 0.45
153.55 120.00 965 0.42
inf. inf. 1050 0.45

Vs(0.0-30.0)=454m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del

11.03.2005 ¢ D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica
Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

300 600 300

[w] yidsp pejewns3

1801

— 1

Vs(0.0-30.0)=454m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 5.16 £ 0.89 Hz (in the range 0.0 - 64.0 Hz).
Criteria for a reliable H/V curve
[All 3 should be fulfilled]
fo>10/L, 5.16 > 0.50
n¢(fo) > 200 6187.5 > 200
aa(f) < 2 for 0.5f< f < 2f, if fp> 0.5Hz Exceeded 0 out of 248 times
aa(f) < 3 for 0.5f< f < 2f, if < 0.5Hz
Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]
Exists f™in [fo/4, fo] | Auv(f) <Ag/2 3.563 Hz
Exists f* in_[fy, 4f5] | Auv(f) < Ao/ 2 6.281 Hz
Ap> 2 3.99>2
Foea[Aun(f) 20a(A)] = fox 5% [0.17188] < 0.05 NO
o<e(fo) 0.88626 < 0.25781 NO
0a(fo) <6(fo) 0.3819 < 1.58
Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition o<¢(fo)
Ao H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Apn(f ) < Ao/2
fr frequency between f, and 4f, for which Ayy(f *) < Ag/2
oa(f) standard deviation of Ayy/(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayn(f) curve
Giogrnv(f) threshold value for the stability condition ga(f) <6(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fy) [Hz] 0.25f, 0.2 f, 0.15fy 0.10fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log B(fo) for Oiogrn(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T23 - BREMBILLA Parco Via Donizetti

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 03/03/17 17:06:20 End recording: 03/03/17 17:26:21
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 53% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 5.63 + 9.48 Hz (in the range 0.0 - 64.0 Hz).

7 — Average HV

ALH

[

S TN\~

01 1 10
frequency [Hz)

H/V TIME HISTORY

min



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 5.63 + 9.48 Hz (in the range 0.0 - 64.0 Hz).

— AyErAGE HA
Synthetic HV

AFH

a
01 1 10
frequency [Hz]

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
0.60 0.60 120 0.45
5.60 5.00 230 0.45
18.60 13.00 415 0.45
38.60 20.00 530 0.45
88.60 50.00 620 0.45
168.60 80.00 720 0.45
inf. inf. 800 0.45

Vs(0.0-30.0)=377m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del

11.03.2005 ¢ D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica
Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

100 200 300 400 500 600 700 800

100

[w] yidsp pejewns3

150

Vs(0.0-30.0)=377m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 5.63 £ 9.48 Hz (in the range 0.0 - 64.0 Hz).
Criteria for a reliable H/V curve
[All 3 should be fulfilled]
fo>10/L, 5.63 > 0.50
n¢(fo) > 200 3600.0 > 200
aa(f) < 2 for 0.5f< f < 2f, if fp> 0.5Hz Exceeded 0 out of 271 times
aa(f) < 3 for 0.5f< f < 2f, if < 0.5Hz
Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]
Exists f™in [fo/4, fo] | Auv(f) <Ag/2 2.781 Hz
Exists f* in_[fy, 4f5] | Auv(f) < Ao/ 2 12.781 Hz
Ap> 2 2.24>2
Foeak[Aun(f) 20a(f)] = fo £ 5% |1.68557] < 0.05 NO
or<e(fy) 9.48131 < 0.28125 NO
oal(fo) <0(Fo) 0.1938 < 1.58
Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition o<¢(fo)
Ao H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Apn(f ) < Ao/2
fr frequency between f, and 4f, for which Ayy(f *) < Ag/2
oa(f) standard deviation of Ayy/(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayn(f) curve
Giogrnv(f) threshold value for the stability condition ga(f) <6(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fy) [Hz] 0.25f, 0.2 f, 0.15fy 0.10fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 8(fy) for Gigrn(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T24 - BREMBILLA Frazione Castignola

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 02/03/17 16:28:20 End recording: 02/03/17 16:48:21
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 53% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 26.47 + 6.31 Hz (in the range 0.0 - 64.0 Hz).

— Average HV

@ ~

wm

ALH

frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

\ M-S component
E-W component

Up-Down component

N
N

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 26 47 + 6.31 Hz (in the range 0.0 - 64.0 Hz).

Average HV
Synthetic HV

a
01 1 10
frequency [Hz]

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
0.80 0.80 148 0.42
3.90 3.10 341 0.42
13.90 10.00 679 0.42
28.90 15.00 976 0.42
53.90 25.00 1300 0.42
88.90 35.00 1700 0.42
148.90 60.00 2000 0.42
inf. inf. 2400 0.42

Vs(0.0-30.0)=660m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

300 600 500 1200 1500 1800 2100 2400
T T T T T

L

[w] yidsp pejewns3

100

1

500 v5(0.0-30.0)=660m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 26.47 * 6.31 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/L, 26.47 > 0.50

ng(fo) > 200 16940.0 > 200
aa(f) < 2 for 0.5f)< f < 2f, if fo> 0.5Hz Exceeded 199 out of 1272 times NO
aa(f) < 3 for 0.5f< f < 2f, if < 0.5Hz

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fo/4, fo] | Auv(f) <Ag/2 20.75 Hz
Exists f* in_[fy, 4f5] | Auv(f) < Ao/ 2 31.0Hz
Ap> 2 12.33>2
focak[Anv(f) 20a(F)] = fo £ 5% |0.23824| < 0.05 NO
oi<e(fo) 6.306 < 1.32344 NO
oal(fo) <0(Fo) 3.1789 < 1.58 NO
Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition o<¢(fo)
Ao H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Apn(f ) < Ao/2
fr frequency between f, and 4f, for which Ayy(f *) < Ag/2
oa(f) standard deviation of Ayy/(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayn(f) curve
Giogrnv(f) threshold value for the stability condition ga(f) <6(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fy) [Hz] 0.25f, 0.2 f, 0.15fy 0.10fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log B(fo) for Oiogrn(fo) 0.48 0.40 0.30 0.25 0.20




T25 -

Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

BREMBILLA Frazione Catremerio

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 02/03/17 17:02:04 End recording: 02/03/17 17:22:05
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 70% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 63.97 + 31.96 Hz (in the range 0.0 - 64.0 Hz).

— Average HV

ALH

frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component
E-W component
Up-Down component

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. H/V at 63.97 + 31.96 Hz_ (In the range 0.0 - 64.0 Hz).

— AyErAGE HA
Synthetic HV

a
01 1 10
frequency [Hz]

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
0.50 0.50 135 0.45
4.00 3.50 280 0.45
14.00 10.00 400 0.45
24.00 10.00 550 0.45
54.00 30.00 675 0.45
129.00 75.00 800 0.45
inf. inf. 1150 0.45

Vs(0.0-30.0)=439m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

300 600 00 1200

[w] yidsp pejewns3

1

Vs(0.0-30.0)=439m/s

W's [mys]

[According to the SESAME, 2005 guidelines. Please read carefully theG i | | amanual before interpreting the following tables.]

Max. H/V at 63.97 * 31.96 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/L, 63.97 > 0.50

n¢(fo) > 200 53733.8 > 200

aa(f) < 2 for 0.5f,< f < 2f, if f,> 0.5Hz
0a(f) < 3 for 0.5f,< f < 2f, if fo< 0.5Hz

Exceeded 0 out of 1026 times

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fo/4, fo] | Auv(f) <Ae/ 2 48.531 Hz
Exists f in [fy, 4f5] | Auv(f’) <A/ 2 NO
Ap> 2 2.83>2
foeak[Ann(f) 20a(f)] = fo £ 5% |0.49963| < 0.05 NO
or<e(f) 31.96082 < 3.19844 NO
aal(fo) <0(Fo) 0.4799 < 1.58
Ly window length
Ny number of windows used in the analysis
ne =Ly nyfo number of significant cycles
f current frequency
fo H/V peak frequency
O standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition oi<g(fo)
Ao H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f- frequency between fy/4 and f, for which Ayy(f %) < A¢/2
fr frequency between f, and 4f, for which Apyn(f *) < Ag/2
oa(f) standard deviation of Ayy(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayy(f) curve
Oiogn(f) threshold value for the stability condition oa(f) <6(fo)
9(fo)
Threshold values for g;and ga(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fo) [Hz] 0.25f, 0.2f, 0.15f, 0.10 fy 0.05 f,
6(fo) for oa(fo) 3.0 25 2.0 1.78 1.58
log 6(fo) for Tiegrnv(fo) 0.48 0.40 0.30 0.25 0.20




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

T26 — BREMBILLA Frazione Camorone

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 02/03/17 17:49:28 End recording: 02/03/17 18:09:28
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20'00". Analysis performed on the entire trace.
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 4.31 + 0.53 Hz_ {In the range 0.0 - 64.0 Hz).

— Average HV

ALH

frequency [Hz)

H/V TIME HISTORY




Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
11.03.2005 e D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica

Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

SINGLE COMPONENT SPECTRA

N-S component

E-W component

Up-Down component
102

ZH f (suw)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 431 + 0.53 Hz_ {In the range 0.0 - 64.0 Hz).

— AyErAGE HA
Synthetic HV

a
01 1 10
frequency [Hz]

Depth at the bottom of the layer [m] Thickness [m] Vs [m/s] Poisson ratio
0.80 0.80 110 0.45
3.40 2.60 240 0.45
8.90 5.50 340 0.45
13.90 5.00 490 0.45
22.90 9.00 530 0.45
40.90 18.00 670 0.45
140.90 100.00 850 0.45
inf. inf. 1180 0.40

Vs(0.0-30.0)=416m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del

11.03.2005 ¢ D.G.R. n.9/2616 del 30/11/2011) - Relazione geologica
Parte 3 — Appendice all’Analisi sismica di 2° livello

Dott. Geologo Augusto Azzoni - Via F. Nullo n.31, 24128 Bergamo

300 600 300 1200
T

[w] yidsp pejewns3

100

1

Vs(0.0-30.0)=416m/s
150 s [mys)

[According to the SESAME, 2005 guidelines. Please read carefully theGr i | | amanual before interpreting the following tables.]

Max. H/V at 4.31 £ 0.53 Hz (in the range 0.0 - 64.0 Hz).
Criteria for a reliable H/V curve
[All 3 should be fulfilled]
fo>10/L, 4.31>0.50
n¢(fo) > 200 5175.0 > 200
aa(f) < 2 for 0.5f< f < 2f, if fp> 0.5Hz Exceeded 0 out of 208 times
aa(f) < 3 for 0.5f< f < 2f, if < 0.5Hz
Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]
Exists f™in [fo/4, fo] | Auv(f) <Ag/2 2.719 Hz
Exists f* in_[fy, 4f5] | Auv(f) < Ao/ 2 12.656 Hz
Ap> 2 3.50>2
focak[Anv(f) 20a(F)] = fo £ 5% [0.12211]| < 0.05 NO
o<e(fo) 0.5266 < 0.21563 NO
oal(fo) <0(Fo) 0.3252 < 1.58
Lw window length
Nw number of windows used in the analysis
ne = Lynyfo number of significant cycles
current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
£(fo) threshold value for the stability condition o<¢(fo)
Ao H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Apn(f ) < Ao/2
fr frequency between f, and 4f, for which Ayy(f *) < Ag/2
oa(f) standard deviation of Ayy/(f), oa(f) is the factor by which the mean Ay (f) curve should be multiplied or divided
standard deviation of log Ayn(f) curve
Giogrnv(f) threshold value for the stability condition ga(f) <6(fo)
8(fo)
Threshold values for arand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-20 >2.0
£(fy) [Hz] 0.25f, 0.2 f, 0.15fy 0.10fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
0g 8(fp) for Gigrn(fo) 0.48 0.40 0.30 0.25 0.20
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Schede per la valutazione del Fattori di amplificazione sismica di tipo
topografico e litologico (da D.G.R. n.9/2616 del 30/11/2011)
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EFFETTI MORFOLOGICI — SCARPATA - SCENARIO Z3a

CRITERI DI
RICONOSCIMENTO

Hz10m

az10*

h

L=H oppure L > 15-20 m

SCARPATAIN
CONTROPENDENZA

h<1R3H

SCARPATA IDEALE

h=0
p=0

SCARPATA IN PENDENZA|

BZ1/5a

Classe altimetrica Classe di inclinazione Valore diFa, . Area di influenza
10m=H=20m 10° < o = 90° 1.1 A =H
20m<H=<40m 10° < o < 90° 1.2 A=34H
10° = o = 20° 4
20° < o < 40° 1.2
H>40m 40° < o < O0° 1.3
A= 7aH
60° < < 70° 1.2
a > 70° 11
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EFFETTI MORFOLOGICI — CRESTE - SCENARIO Z3b

CRITERI DI RICONOSCIMENTO I

CRESTA ARROTONDATA
Bi<10° e By<10° SO - N U .

CRESTA APPUNTITA Vs = 800 m/s

[}

CRESTA T
Gqzl0® e a210° I
hz1/3H H |

I
|
|

——

121/3L PR e e o e 1

I<1/3L

150 <L <250
Creste 1M AL DAasH 7L 0.TIH AL [T FR
Appu“titﬁ Fan_l_““‘ =8 Fan 08 = e Fac|_|-n:‘ =8 Fan s = a
Creste Fa — gthTHL
=04 =
Arrotondate
CORRELAZIONE HIL - Fa 8.1-0.55 CRESE ';:;r"rf CORRELAZIONE HIL - Fa 10,58 Cﬁf‘*m
n
18
14
1.7
168
F AL
14
13
12
LT .
_H'-
— u
a a1 +3 o3 a4 os .3 oo a1 a2 [ >-] o4 @5 a8
HL HL
CRESTE APPUNTITE CRESTE APPUNTITE
CORRELAZIONE HIL - Fa 1105 5 foaa d15 250 CORRELAZIONE HL - Fa 01405 s it
an
18
18
15
S e - 313
e
13
1z | "1
—
11
—
(8
aa a1 nz ol a4 ns e oa at nz ol a4 as ne
HIL
CORRELAZIONE HIL - Fa 81055 CRESTE
ARROTONDATE
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EFFETTI LITOLOGIC| — SCHEDA LITOLOGIA GHIAIOSA

PARAMETRI INDICATIVI

GRANULOMETRIA:

Da ghiaie e ciottoli con blocchi a ghiaie e sabbie limose
debolmente argillose passando per ghiaie con sabbie
limose, ghiaie sabbiose, ghiaie con limo debolmente FUSO GRANULOMETRICO INDICATIVO
sabbiose e sabbie con ghiaie

NOTE:
Comportamento granulare
Struttura granulo-sostenuta

L———
= ¥ v 5 881 318 213
I
|

Frazione ghiaiosa superiore al 35% //
Frequenti clasti con Dpay > 20 cm A
Frazione sabbiosa fino ad un massimo del 65% T A

= |

Matrice limoso - argillosa fino ad un massimo del 30% con |
frazione argillosa subordinata (fino al 5%) i 2 gt 18 L Ly
Presenza di eventuali trovanti con D > 50 cm

Presenza di eventuali orizzonti localmente cementati

ANDAMENTO DEI VALORI DI Vs CON LA PROFONDITA® Profondita prime strato {m)

¥ (mis|
] 100 200 o 400 500 600 00 a0

CAMFO DI VALIDITA'

Zym}

Velocitd prime sirato (mis)

CAMPO DI 80N VALIDITA'

Vs = 410 In(z) - 480

Correlazione T -Fa 0.5-1.55

Correlazione T - Fa 0.1-0.5 —curva 1 —curva 2 —curvad 1
150
1.90 140
~je o
1.70 // h‘"‘-— ""hq_“‘ 3 18
1.60 [, 120 i e
E: 1.50 / h‘-““‘-\-\.\_mz .---- 115 /’
E 1.40 / [ 119 g =
L / 4 ] a5 H_—_"““——-—h fos //
o (/ i a0 bW 43 630 0 0m  am o3 ok om e
1.10 /’, Th
i Fa,,  =—0.58T" +0.84T +0.94
000 00 020 0 adn ?funh 060 [T & %0 100 0.5-1.5
Curva Tratto polinomiale Tratto logaritmico
0.08<T <0.40 0.40<T <1.00
Fa,, 45 = —8.5T% +5.4T +0.95 Fa,, , =1.46 - 0.32LnT
0.06<T =0.40 0.40<T <1.00
Fa,, ,s =—7.4T° +4.87 +0.84 Fa,, .. =1.32-0.28LnT
0.05<T <0.40 0.40<T <1.00
Fa,, ,s =—4.77% +3.0T +0.92 Fa,, .. =1.17-0.22LnT
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EFFETTI LITOLOGICI - SCHEDA LITOLOGIA LIMOSO — ARGILLOSA TIPO 1
PARAMETRI INDICATIVI

GRANULOMETRIA:
Da limi ghiaioso — argillosi debolmente sabbiosi ad argille
con limi passando per limi argillosi, limi con sabbie
argillose, limi e sabbie con argille, argille ghiaiose, argille FUSO GRANULOMETRICO INDICATIVD
ghiaiose debolmente limose ed argille con sabbie
debolmente limose

NOTE:

Comportamento coesivo
Struttura matrice-sostenuta
Frazione limosa superiore al 40% .
Presenza di clasti immersi con Dpay < 2-3 cm
Frazione ghiaiosa fino ad un massimo del 25% oo " et
Frazione sabbiosa fino ad un massimo del 35%

Frazione argillosa compresa tra 20% e 60%

Presenza di eventuali softili orizzonti ghiaioso fini e

sabbioso medio-grossolani

T 2 ¥ =z = B
[H|
-1
B
\i

Psae 8

X &

ANDAMENTO DEI VALORI DI Va CON LA PROFONDITA

Vi [mis}
] 100 200 300 400 500 &0 o0 800 Profonditd prima strafo {m)
0 CAMPC DI VALIDITA' =
g
" 2
. g
ém I
= CAMPO Ol NON YALIGTA: . E
vs=]036010.2 g
Correlazione T-Fa0.5-158
160
Correlazione T-Fa 0,105 5 —cuna 1 —cunvaz —cunad 1=
o3 140
= R 3=
2m Vi £ |—
im0 - z s |t ‘e
o A A i e e P
Zm / iiiane HEGE
s it i ‘: i)
1 / ETTEE] e P
:: / EEm— oo a1 020 0.30 040 0.50 0.60 oT oBg 050 100
n.w // Tish
1.00 /
0.00 0.10 0z 030 4n 10-$ 0.60 [ 0.80 LE:) 100 FaOIS_I'S == _0. 6T3 + 0'97— + 0. 94
Curva Tratto polinomiale Tratto logaritmico
0.08<T <0.35 0.35<T £1.00
Fa,, s =—18.7T* +11.5T + 0.39 Fa,, ., =1.72-0.38LnT
=] 0.06<T <0.35 0.35<T <1.00
4[ Fa,, o5 = —9.5T% +6.3T +0.73 Fa,, . =1.51-0.25LnT
0.05<T £0.35 0.35<T =1.00
Fa,, 4s ==1.3T7 + 4.5T + 0.80 Fa,, ,; =1.21-0.26LnT
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EFFETTI LITOLOGICI — SCHEDA LITOLOGIA LIMOSO - ARGILLOSA TIPO 2
PARAMETRI INDICATIVI

GRANULOMETRIA e NOTE: come per la litologia limoso -
argillosa TIPO 1, a cui in aggiunta & possibile associare i
seguenti range di valori per alcuni parametri geotecnici
significativi validi per argille con limi ghiaiosi debolmente

FUS0 GRANULOMETRICS INDICATIVO

sabbiosi: - :1_
PARAMETRO INTERVALLOD |-l
Peso di volume naturale y[kNAm®] 19.5-20.0 7 oy i 07
Peso specifico particelle solide v2 [KNim’] 25.7-26.7 " ,_’/
Contenuto d'acqua naturale w[%e] 20-25 i b
Limite di liquidita W, [%) 30-50 #
Limite di plasticita wie [%] 15-20 “
Indice di plasticita Ip [%] 15-30 i s
|Indice dei vuoti ] 0.5-0.7 .
Grado di saturazione S, [%] 90-100 L " T e
Coefficients di spinta a riposo Ky 0.5-0.6
Indice di compressions C. 0.15-0.30
Indice di rige to Cy 0.02-0.06
C iente di consolidazi secondaria Ca 0.001-0.005
Grado di consolidazione OCR 1-3
MNumera colpi prova SPT (nei primi 10 m) Nspt 15-30

ANDAMENTO DEI VALORI DI Vs CON LA PROFONDITA'
e (mis)

a 100 200 ann 400 B 500 700 200 Profondité prime strato ()
o 2[afas]e[7]a]o]t0]12[1a]16]ss
10 CAMPO DI VALIDITA 'E"
5 g
15 m
w
Exn E
H !
E CAMPO DI HON VALIITA 2
3
] =
0052
- Vs =15le

Correlazions T -Fa 0.5-1.5 5

Correlazione T - Fa 0.1-0.5 5 —— —anaz —cra3 | :::
40 ,—- I.4.‘|
T /‘ ‘—_q-—"_""-—...__ curve 1 140 "1
o 7 ] 3 B il it
z e o
3 m e O e L . A
Eh 1717 B s e 1 R A
150 f‘;"’/’( 110 //
e Ly
120 7 i ‘.wum 210 020 0.0 040 s oE0 o0 0.80 00 100
110 Tis)
oono oo o.20 0.30 0.40 'ﬂ: s o Lk 080 1.00 Fan-s_]s — _T2 + 1.487' + 0‘ 88
Curva Tratto polinomiale Tratto logaritmico
0.10<T <0.40 0.40<T <1.00
Fa, .. = ~13.9T7 + 10.4T +0.46 Fa, ,.=2.12-030LnT
0.08<T <0.40 0.40<T <1.00
Fa,, s =—12.8T* +9.2T +0.48 Fa,, .. =1.77-0.38LnT
0.05<T <0.40 0.40<T <1.00
Fa,, ,, =-1 0.6T° + 7.6T +0.46 Fa,, ,: =1.58-0.24LnT
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EFFETTI LITOLOGICI — SCHEDA LITOLOGIA LIMOSO — SABBIOSA TIPO 1
PARAMETRI INDICATIVI

GRANULOMETRIA:
Da limi con sabbie debolmente ghiaiose a limi
debolmente sabbioso-argillosi passando per limi con PRt BRA M ETRICS MBICATNG
sabbie, limi debolmente argillosi, limi debolmente
sabbiosi, limi debolmente ghiaiosi & sabbie con limi
debolmente argillosi

5 at

NOTE:

Comportamento coesivo
Frazione limosa ad un massimo del 95% — /
Presenza di clasti immersi con Dggy < 2-3 cm = by
Frazione ghiaiosa fino ad un massimo del 10%
Frazione sabbiosa fino ad un massimo del 45% o B e = it
Frazione argillosa fino ad un massimo del 15%

A FIANCO: range di valori per alcuni parametri geotecnici

significativi validi per limi sabbiosi debolmente argillosi

La——

B & 8 3 3 B E B

ANDAMENTO DEI VALORI D Vs CON LA PROFONDITA

4] 100 20 300 "'q'n":" 500 B0 0 O
] Prefondits prime strats (m)
5
0 CAMPO DI VALIDITA'
15 E:
Eax §
=% CAMPO DI NON VALIDITA' -E-
- Vs =31 a
Correlazione T-Fa0.5-1.5 %
Correlazione T-Fa0.1-05s —urea 1 —curva 2 —cuna 3 | 160
250 1.55
::: /_ 1 1.50
2-m / 1 PR 1.45
o / y B 1.80
i I g
§:; /f AEEa i, 2 /’_’f‘
% 4 7 Py nan =
& 180 7 meanEn| A ERAEINY . =1
a0 7 110 that
o 7 igisti I =
120 -....ﬁ/ It 100 //
:;: ‘V | 000 00 am 030 040 :::; L am 060 0 100
™ Fagsqs=-0.67T +1.03T + 0.93
Curva Tratto polinomiale Tratto logaritmico
0.08<T <0.40 0.40<T <1.00
Fa,, s =—13.9T% +10.4T + 0.46 Fa,, s =2.12-0.30LnT
0.06<T <0.35 0.35<T <1.00
Fa,, .. ==9.5T% +6.3T +0.73 Fa,, ,. =1.51-0.25LnT
0.05<T <0.35 0.35<T <1.00
Fa,, s =—7.3T% +4.5T +0.80 Fa,, ., =1.21-0.26LnT
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EFFETTI LITOLOGICI - SCHEDA LITOLOGIA LIMOSO - SABBIOSA TIPO 2

pARAMETR[ INDICATIVI . FUS0 GRANULOMETRICD MDICATIVG
i /'_ a8
GRANULOMETRIA: .
Da limi con sabbie debolmente ghiaiose a limi debolmente "
sabbioso-argillosi passando per limi con sabbie, limi I 7 /
debolmente argillosi, limi debolmente sabbiosi, limi _E = /
debolmente ghiaiosi e sabbie con limi debolmente argillosi : =B /
. /:‘
NOTE: nan a L ' " - 101
Comportamento coesivo Bl ot e
Frazione limosa ad un massimo del 95% PARANETRD ; L
Presenza di clasti immersi con Dpax < 2-3 cm R T T
Frazione ghiaiosa fino ad un massimo del 10% Contenul {2 rersl e =
Frazione sabbiosa fino ad un massimo del 45% Limite di ,i':,.m e T80
Frazione argillosa fino ad un massimo del 15% ocfice di plastisita o 1%] T
" N . £ . Iredice dai vt [ 0608
A FIANCO: range di valori per alcuni parametri geotecnici |Gr:nod|ulur:mnn 5, (%) 50100
i i WA idi im i i i i Cosfficients di spints a i K 0.4:0.5
significativi validi per limi sabbiosi debolmente argillosi o = e
Irtice di rigomfiamants G 0.03-005
Caeffcienta di consclidaziane secondaria Gy 10.002-0.006
[Muire o soli preva SPT [nei prii 10 m) Pspl [F]

ANDAMENTO DEI VALORI DI Vs CON LA PROFONDITA

Wi fmis] Profandita prime strato {m)
s
] e
1" CAMPO O VALIGITA! H
x g
- ]
= CAMPO DI NOK VALIDITA™ g
“ Ve=10Z +122
5
. Corralaziene T-Fa 0.5-1.5s5
Correlazione T - Fa 0.1-0.5 5 | — v 1 = a2 — v 3 | :::
150 =] Tha
280 - / T
240 P 145 /’
230 T e S SEREI] T 1.80 e
22 7 N [ 5 yd
2 E 1.30 /
ﬁfz pt Ak oI WA ? 128 //
iw.- / 120 7
S / /.
. 1A ] IR /
150 /7 A 110
o e 1/ z
130 / 1.00 /
120 7 .00 oo azm LE .20 [ERY am LE LES] 100
10 ! Tisl
oo o0 0.20 0.30 .40 :: 080 o R 080 1.00 Faols LS — _ 1 .33T2 + 2‘027_ + 0.79
Curva Tratto polinomiale Tratto logaritmico
0.10<T <0.40 0.40 <T <£1.00
Fa,, ,s =—13.9T% +10.4T +0.46 Fay, 4. =2.12-0.30LnT
0.08<T <0.40 0.40<T <1.00
Fay, . = —12.8T% +9.2T +0.48 Fa,, o5 =1.77 - 0.38LnT
0.05<T <0.40 0.40<T <1.00
Fa,, .. =—10.6T% + 7.6T +0.46 Fa,, ., =1.58-0.24LnT
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EFFETTI LITOLOGICI — SCHEDA LITOLOGIA SABBIOSA

PARAMETRI INDICATIVI
GRANULOMETR'A‘ FUSO GRANULOMETRICO INDICATIVO
Da sabbia con ghiaia e ciottoli a limo e sabbia passando ™ [~
per sabbie ghiaiose, sabbie limose, sabbie con limo e i
ghiaia, sabbie limose debolmente ghiaiose, sabbie . ,r";
ghiaiose debolmente limose e sabbie z® 1 /
3. / /
NOTE: N :o 7
Comportamento granulare : 4 /
Struttura granulo-sostenuta » i
Clasti con Dy, = 20 cm inferiori al 15% o - - s . T -+ s
Frazione ghiaiosa inferiore al 25% s o
Frazione limosa fino ad un massimo del 70%
ANDAMENTO DELLE Vs CON LA PROFONDITA'
LITOLOGIA SABBIOSA
o 00 me r\o'-‘" 520 800 m o Prafondtd primo stwato m)
o0 | 110 | 130 | 140 | 160 | 180
=
-
" CAMPO DI VALIDITA E
i a8 g KA
s £
e 103 WA NA
o= CAMPO DI HON VALIDITA: E ] | ] ik
: Vo= 171677 g R
188
n
ove
la sigla NA indica Fa = 1
il riquadro rosso indica la condizione stratigrafica per
cui & necessario utilizzare le curve 1
0 CONDIZIONE: strato con spessore compreso tra 5 e
sonm 12 m e velocita media Vs minore o uguale a 300 m/s
1 poggiante su strato con velocita maggiore di 500 m/s
Corralazions T - Fa 0.1-05 —curat —anaz —wras | Correlasions T - Fa (0.5-1.5 5} l —— p—ry ]
z 2
21 1
2 cuyva | y urva 2-\3
1. \ 1,
. . \\ .
— cijrva 2 . S,
3 ‘I fr A ki :J chirva fi st
hN S ] i o8 M
" / e eunaa\ N ar A e Fiim o
14 o 4
134= 'V \ A8 : // I
1.2 e \ \ 12
y i N N
il I 11
000 049 020 O3 040 030 040 OTO OB QBF 100 110 120 130 140 1N LE 70 A0 000 019 020 030 C40 ON0 Q61 00 O8] 050 180 190 130 130 140 130 160 17O 100
i Tisp
Curva Tratte polinomiale Tratte logaritmice Tratto rettilines
0.03=T £0.50 0.50<T 21.00 T=1.00 Curva
Fa s =-1221 TS+ 778 T +0.76 Fagips=1.01-084InT Fagiqs= 100 008 T =180
003 =T <045 045 < T 208 T =060 Facas= 05T T - 248 T + 238 T+ 0.81
Fagras=-B86T + 544 T+ 084 Fagps=083-088INT Fagias= 100 0085T <080 0805 T 1.80
DL3=T =040 0.50<T =055 T=055 Ftgsns =811 T+ 579 T  + 0,44 T+ 0.93 Fapsis=1.73-061IT
Fagras=-888 T +477 T+ 085 Fatgyos= 062 -085InT Fagras= 1.00




