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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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Sezioni topografiche considerate per la valutazione degli effetti
morfologici sul Fattore di amplificazione topografico
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Misure di rumore sismico HVSR a stazione singola
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TO01 - Pratomano

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 29/03/17 16:47:30 End recording: 29/03/17 17:07:31
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 82% 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 5.0 + 9.85 Hz (in the range 0.0 - 64.0 Hz).

7 — Ayarage HIV

.
ATH

frequency [Hz]

H/V TIME HISTORY
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SINGLE COMPONENT SPECTRA

102

M-S component
E-W component
Up-Down component

102

10+

ZH / (s/uww)

10F

703 1 10
frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HA at 5.0 + 9.85 Hz (in the range 0.0 - 64.0 Hz).

——  Average HV
e Synthetic HIV

01 1 10
frequency [Hz]

Depth at the bottom of the Thickness [m] Vs [m/s] Poisson ratio
layer [m]
0.70 0.70 127 0.42
4.20 3.50 286 0.42
11.00 6.80 430 0.42
36.00 25.00 640 0.45
inf. inf. 950 0.45

Vs(0.0-30.0)=474m/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 a0n 500

=
T
[w] yidap patewns3

Vs(0.0-30.0)=474m/s

W5 [mfs]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i 11amanual before interpreting the following tables.]

Max. H/V at 5.0 + 9.85 Hz (in the range 0.0 - 64.0 Hz).
Criteria for a reliable H/V curve
[All 3 should be fulfilled]
f>10/L, 5.00 > 0.50
n¢(fo) > 200 4900.0 > 200
oa(f) < 2 for 0.5f,< f < 2f, if f,> 0.5Hz Exceeded 0 out of 241 times
oa(f) < 3 for 0.5f,< f < 2f, if fp< 0.5Hz
Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]
Exists f™in [fo/4, fo] | Aav(f) <Aq/2 2.531 Hz
Exists f* in [fo, 4fo] | Aun(f7) <Ao /2 6.906 Hz
Ap> 2 3.41>2
foeak[Anun(f) 2oa(f)] = fot 5% 11.96943| < 0.05 NO
or<g(fy) 9.84717 < 0.25 NO
cal(fo) <0(fo) 0.2723 < 1.58
Lw window length
Nw number of windows used in the analysis
ne = Ly ny o 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 fy/4 and f, for which Apy(f ) < Ag/2
f* frequency between f, and 4f, for which Ayy(f *) < Ag/2
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 Aun(f) curve
Gioghinv(f) threshold value for the stability condition ca(f) <6(fo)
0(fo)
Threshold values for orand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
&(fo) [Hz] 0.25f, 0.2 f, 0.15f, 0.10 fo 0.05 f,
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Siegrn(fo) 0.48 0.40 0.30 0.25 0.20
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T02 - Cassettone

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 29/03/17 17:15:19 End recording: 29/03/17 17:35:20
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. HV at 5.31 £ 0.14 Hz (in the range 0.0 - 64.0 Hz).

7 — Ayerage HV

MIH

frequency [Hz]

H/V TIME HISTORY
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SINGLE COMPONENT SPECTRA

102

M-S component
E-W component
Up-Down component

10

ZH / (s/uww)

10+

\_\,-,\

01 1 m
frequency [Hz]

107

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 5.31 £ 0.14 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HIV
e Synthetic HV

0.1 1 .
frequency [Hz]

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

layer [m]

0.50 0.50 133 0.42
2.80 2.30 280 0.42
6.60 3.80 420 0.42
13.00 6.40 500 0.42
36.00 23.00 690 0.45

inf. inf. 1020 0.45

Vs(0.0-30.0)=513m/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

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

=
T
[w] yidap patewns3

Vs(0.0-30.0)=513m/s

W5 [mfs]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i 11amanual before interpreting the following tables.]

Max. H/V at 5.31 £ 0.14 Hz (in the range 0.0 - 64.0 Hz).

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

fo>10/L, 5.31>0.50

nc(fo) > 200 3931.3 > 200
oa(f) < 2 for 0.5f,< f < 2f, if f,> 0.5Hz Exceeded 0 out of 256 times
oa(f) < 3 for 0.5f,< f < 2f, if fp< 0.5Hz

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

Exists f™in [fo/4, fo] | Aav(f) <Aq/2 3.813 Hz
Exists f* in [fo, 4fo] | Aun(f7) <Ao /2 6.813 Hz
Ap> 2 3.60>2
foeak[Ann(f) 2oa(f)] = fo £ 5% [0.02616] < 0.05
or<g(fy) 0.139 < 0.26563
cal(fo) <0(fo) 0.5221 < 1.58
Lw window length
Nw number of windows used in the analysis
ne = Ly ny o number of significant cycles
f 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 fy/4 and f, for which Apy(f ) < Ag/2
f* frequency between f, and 4f, for which Ayy(f *) < Ag/2
oa(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 Aun(f) curve
Gioghinv(f) threshold value for the stability condition ca(f) <6(fo)
0(fo)
Threshold values for orand oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
&(fo) [Hz] 0.25f, 0.2 f, 0.15f, 0.10 fo 0.05 f,
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for oiegrn(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 - Sedrina Sede Forestale

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 29/03/17 17:42:28 End recording: 29/03/17 18:02:29
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 16.41 + 1.2 Hz (in the range 0.0 - 64.0 Hz).

7 — Ayerage HV

MIH
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-

0.1 1 10
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[Ld !Hlli'uul




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

102

M-S component
E-W component
Up-Down component

10

ZH / (s/uww)

10+

703 1 10
frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 16.41 + 1.2 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HIV
e Synthetic HV

0.1 1 .
frequency [Hz]

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

layer [m]

0.50 0.50 120 0.42

3.35 2.85 250 0.42
11.35 8.00 520 0.45
31.35 20.00 650 0.42
111.35 80.00 800 0.42

inf. inf. 1180 0.42

Vs(0.0-30.0)=503m/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 1200
T

[w] yidap patewns3

100

1

Vs(0.0-30.0)=503m/s

W5 [mfs]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i 11amanual before interpreting the following tables.]

Max. H/V at 16.41 * 1.2 Hz (in the range 0.0 - 64.0 Hz).

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

f> 10/ L,

n(fo) > 200
oal(f) < 2 for 0.5f,< f < 2f, if fo>0.5Hz
calf) < 3 for 0.5f,< f < 2f, if f,< 0.5Hz

16.41 > 0.50
11812.5 > 200
Exceeded 0 out of 788 times

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

Exists f™in [fo/4, fo] | Aav(f) <Aq/ 2 12.531 Hz
Exists f* in [fo, 4fo] | Aun(f7) <Ao /2 26.594 Hz
A> 2 4.49 >2
foeak[Ann(f) 2oa(f)] = fot 5% 10.07307| < 0.05 NO
or<e(fo) 1.19881 < 0.82031 NO
cal(fo) <0(fo) 0.3798 < 1.58
Lo window length
Nw number of windows used in the analysis
ne = Ly ny o number of significant cycles
f 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 fy/4 and f, for which Agy(f ) < Ag/2
fr frequency between f, and 4f, for which Ayn(f *) < Ag/2

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 Aun(f) curve

threshold value for the stability condition ca(f) <6(fo)

Threshold values for o

and oa(fo)

Freq. range [Hz] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
¢(fo) [HZ] 0.25fy 0.2 fy 0.15f, 0.10 fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for oiegrn(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

T04 — Sedrina area Busi

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 29/03/17 18:13:21 End recording: 29/03/17 18:33:22
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 3.681 + 0.59 Hz (in the range 0.0 - 64.0 Hz).

7 —— Average HV

APH

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 ¢ 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

102

102 \

10+

M-S component
E-W component
Up-Down component

ZH / (s/uww)

10F

703 1 10
frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 3.81 £ 0.59 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HIV
e Synthetic HV

AFH

S .
%3 1 10
frequency [Hz]
Depth at the bottom of the Thickness [m] Vs [m/s] Poisson ratio
layer [m]
0.60 0.60 140 0.42
3.60 3.00 240 0.40
8.60 5.00 340 0.42
20.60 12.00 420 0.42
44.60 24.00 600 0.42
134.60 90.00 1030 0.40
194.60 60.00 1200 0.40
inf. inf. 1400 0.40

Vs(0.0-30.0)=396m/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 1200
T

g
T
[w] yidap patewns3

1501

Vs(0.0-30.0)=396m/s

W5 [mfs]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i 11amanual before interpreting the following tables.]

Max. H/V at 3.81 £ 0.59 Hz (in the range 0.0 - 64.0 Hz).

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

f> 10/ L,

n(fo) > 200
oal(f) < 2 for 0.5f,< f < 2f, if fo>0.5Hz
calf) < 3 for 0.5f,< f < 2f, if f,< 0.5Hz

3.81>0.50
3202.5 > 200
Exceeded 0 out of 184 times

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

Exists f in [f4, fo] | Aun(f) < Ag/ 2 3.281 Hz
Exists £~ in [fo, 4f] | Aun(f’) < Ao/ 2 4.719 Hz
Ao> 2 8.78>2

foeak[Ann(f) 2oa(f)] = fot 5% 10.15529| < 0.05 NO
o<e(fo) 0.59202 < 0.19063 NO
oalfo) <O(fo) 1.774 < 1.58 NO
Lo window length
Nw number of windows used in the analysis
ne = Ly ny o number of significant cycles
f 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 fy/4 and f, for which Agy(f ) < Ag/2
fr frequency between f, and 4f, for which Ayn(f *) < Ag/2
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 Aun(f) curve
Gioghinv(f) threshold value for the stability condition ca(f) <6(fo)
0(fo)
Threshold values for orand oa(fo)
Freq. range [Hz] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
&(fo) [Hz] 0.25f, 0.2 f, 0.15f, 0.10 fo 0.05 f,
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Siegrn(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

TO05 - Sedrina Via Roma (presso rotonda)

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 31/03/17 15:28:58 End recording: 31/03/17 15:48:59
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 7.06 + 0.48 Hz (in the range 0.0 - 64.0 Hz).

7 — Ayerage HV
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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

107"

M-S component
E-W component
Up-Down component

102

10

ZH / (s/uww)

10

703 1 10
frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 7.06 + 0.48 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HIV
e Synthetic HV

0.1 1 .
frequency [Hz]

Depth at the bottom of the Thickness [m] Vs [m/s] Poisson ratio
layer [m]
0.50 0.50 160 0.45
7.50 7.00 300 0.45
19.50 12.00 490 0.45
99.50 80.00 630 0.45
inf. inf. 900 0.45

Vs(0.0-30.0)=444m/s



Comune di Val Brembilla (BG)

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

200

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

300 400 500 EO0 700 800 500

100

Vs(0.0-30.0)=444m/s

[w] yidap patewns3

]

W5 [mfs]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i 11amanual before interpreting the following tables.]

Max. H/V at 7.06 * 0.48 Hz (in the range 0.0 - 64.0 Hz).

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

fo>10/Ly

7.06 > 0.50

n¢(fo) > 200

4802.5 > 200

oal(f) < 2 for 0.5f,< f < 2f, if fo>0.5Hz
calf) < 3 for 0.5f,< f < 2f, if f,< 0.5Hz

Exceeded 0 out of 340 times

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

Exists f™in [fo/4, fo] | Aav(f) <Aq/ 2 5.688 Hz
Exists f* in [fo, 4fo] | Aun(f7) <Ao /2 10.188 Hz
A> 2 4.01>2
foeak[Ann(f) 2oa(f)] = fot 5% 10.06783| < 0.05 NO
or<e(fy) 0.47908 < 0.35313 NO
cal(fo) <0(fo) 0.974 < 1.58
Lo window length
Nw number of windows used in the analysis
ne = Ly ny o number of significant cycles
f 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 fy/4 and f, for which Agy(f ) < Ag/2
fr frequency between f, and 4f, for which Ayn(f *) < Ag/2
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 Aun(f) curve
Gioghinv(f) threshold value for the stability condition ca(f) <6(fo)
0(fo)
Threshold values for orand oa(fo)
Freq. range [Hz] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
&(fo) [Hz] 0.25f, 0.2 f, 0.15f, 0.10 fo 0.05 f,
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Siegrn(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 — Botta Chiesa Parrocchiale

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 31/03/17 16:02:58 End recording: 31/03/17 16:22:59
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h20'00". Analyzed 78% 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 4.09 + 0.24 Hz (in the range 0.0 - 64.0 Hz).

7 —— Average HV
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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

ZH / (s/uww)

01

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 4.09 £ 0.24 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HIV
e Synthetic HV

frequency [Hz]

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

layer [m]

0.50 0.50 130 0.45
7.00 6.50 200 0.45
19.00 12.00 320 0.45
54.00 35.00 440 0.45
134.00 80.00 500 0.45

inf. inf. 650 0.45

Vs(0.0-30.0)=304m/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

[w] yidap patewns3

100

Vs(0.0-30.0)=304m/s

1

W5 [mfs]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i 11amanual before interpreting the following tables.]

Max. H/V at 4.09 * 0.24 Hz (in the range 0.0 - 64.0 Hz).

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

f> 10/ L,

n(fo) > 200
oal(f) < 2 for 0.5f,< f < 2f, if fo>0.5Hz
calf) < 3 for 0.5f,< f < 2f, if f,< 0.5Hz

4.09 > 0.50
3848.1 > 200
Exceeded 0 out of 198 times

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

Exists f™in [fo/4, fo] | Aav(f) <Aq/ 2 3.156 Hz
Exists f* in [fo, 4fo] | Aun(f7) <Ao /2 6.781 Hz
A> 2 2.99>2
foeak[Aun(f) oa(f)] = fot 5% |0.05946] < 0.05 NO
or<e(fo) 0.24343 < 0.20469 NO
cal(fo) <0(fo) 0.2285 < 1.58
Lo window length
Nw number of windows used in the analysis
ne = Ly ny o number of significant cycles
f 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 fy/4 and f, for which Agy(f ) < Ag/2
fr frequency between f, and 4f, for which Ayn(f *) < Ag/2

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 Aun(f) curve

threshold value for the stability condition ca(f) <6(fo)

Threshold values for o

and oa(fo)

Freq. range [Hz] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
¢(fo) [HZ] 0.25fy 0.2 fy 0.15f, 0.10 fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for oiegrn(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

TO7 - Sedrina Municipio

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 17/07/17 11:02:19 End recording: 17/07/17 11:22:20
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 12.59 £ 1.64 Hz (in the range 0.0 - 64.0 Hz).

7 — Ayerage HV
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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

ZH / (s/uww)

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. H/V at 12.59 £ 1.64 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HIV
e Synthetic HV

AFH

—_—

| ——— S S NN
UU 1 1 frequency [Ha] 10
Depth at the bottom of the Thickness [m] Vs [m/s] Poisson ratio
layer [m]
0.40 0.40 140 0.42
2.90 2.50 230 0.42
7.40 4.50 400 0.45
11.40 4.00 490 0.42
27.40 16.00 550 0.40
inf. inf. 720 0.40

Vs(0.0-30.0)=456m/s



Comune di Val Brembilla (BG)

Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
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[w] yidap patewns3

Vs(0.0-30.0)=456m/s

W5 [mfs]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i 11amanual before interpreting the following tables.]

Max. H/V at 12.59 * 1.64 Hz (in the range 0.0 - 64.0 Hz).

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

f> 10/ L,

n(fo) > 200
oal(f) < 2 for 0.5f,< f < 2f, if fo>0.5Hz
calf) < 3 for 0.5f,< f < 2f, if f,< 0.5Hz

12.59 > 0.50
15112.5 > 200
Exceeded 0 out of 606 times

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

Exists f™in [fo/4, fo] | Aav(f) <Aq/ 2 5.125 Hz
Exists f* in [fo, 4fo] | Aun(f7) <Ao /2 22.594 Hz
A> 2 2.89>2
foeak[Ann(f) 2oa(f)] = fot 5% 10.13047| < 0.05 NO
or<e(fy) 1.6431 < 0.62969 NO
cal(fo) <0(fo) 0.212<1.58
Lo window length
Nw number of windows used in the analysis
ne = Ly ny o number of significant cycles
f 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 fy/4 and f, for which Agy(f ) < Ag/2
fr frequency between f, and 4f, for which Ayn(f *) < Ag/2
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 Aun(f) curve
Gioghinv(f) threshold value for the stability condition ca(f) <6(fo)
0(fo)
Threshold values for orand oa(fo)
Freq. range [Hz] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
&(fo) [Hz] 0.25f, 0.2 f, 0.15f, 0.10 fo 0.05 f,
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Siegrn(fo) 0.48 0.40 0.30 0.25 0.20
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Componente geologica, idrogeologica e sismica a supporto del Piano di Governo del Territorio (L.R. n. 12 del
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TO08 - Cler strada nuova

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 08/11/17 16:04:21 End recording: 08/11/17 16:24:22
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. HV at 4.31 £ 0.2 Hz (in the range 0.0 - 64.0 Hz).

7 — Ayerage HV

frequency [Hz]

H/V TIME HISTORY
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SINGLE COMPONENT SPECTRA

102

M-S component
E-W component
Up-Down component

10

ZH / (s/uww)

10+

10~
01
frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. H/V at 4.31 £ 0.2 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HIV
e Synthetic HV

frequency [Hz]

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

layer [m]

0.45 0.45 120 0.42
3.45 3.00 236 0.42
16.45 13.00 388 0.45
43.45 27.00 660 0.42
73.45 30.00 860 0.45

inf. inf. 940 0.45

Vs(0.0-30.0)=426m/s
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100 200 300 400 500 600 700 800 500

[w] yidap patewns3

Vs(0.0-30.0)=426m/s

W5 [mfs]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i 11amanual before interpreting the following tables.]

Max. H/V at 4.31 £ 0.2 Hz (in the range 0.0 - 64.0 Hz).
Criteria for a reliable H/V curve
[All 3 should be fulfilled]
f>10/L, 4.31>0.50
n¢(fo) > 200 5175.0 > 200
oa(f) < 2 for 0.5f,< f < 2f, if f,> 0.5Hz Exceeded 0 out of 208 times
oa(f) < 3 for 0.5f;< f < 2f, if fp< 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 2.563 Hz
Exists f* in [fo, 4fo] | Aun(f7) <Ao /2 6.281 Hz
Ap> 2 4.61>2
foeak[Ann(f) 2oa(f)] = fot 5% 10.04656| < 0.05
oi<e(fo) 0.20079 < 0.21563
oa(fo) <0(fo) 0.3092 < 1.58
Lo window length
Nw number of windows used in the analysis
ne = Ly ny o number of significant cycles
f 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,
Aun(f) H/V curve amplitude at frequency f
f- frequency between fy/4 and f, for which Agy(f ) < Ag/2
fr frequency between f, and 4f, for which Ayy(f *) < Ag/2
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 Aun(f) curve
Gioghinv(f) threshold value for the stability condition ca(f) <6(fo)
0(fo)
Threshold values for orand oa(fo)
Freq. range [Hz] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
&(fo) [Hz] 0.25fy 0.2 fy 0.15f, 0.10 fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Siegrn(fo) 0.48 0.40 0.30 0.25 0.20
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T09 — Cler Chiesa

Instrument:  TEN-0031/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 08/12/17 13:55:41 End recording: 08/12/17 14:06:57
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h11'12". 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 5.59 + 0.35 Hz (in the range 0.0 - 64.0 Hz).

— Ayerage HV

%) = o o -~
MIH

5]

0.1 1 °
frequency [Hzl

H/V TIME HISTORY

w

w
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SINGLE COMPONENT SPECTRA

102

10+

10°*

M-S component
E-W component
Up-Down component

ZH / (s/uww)

0%
01

frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HV at 5.59 £ 0.35 Hz (in the range 0.0 - 64.0 Hz).

. —
)
Al

AFH

%3 1 10
frequency [Hz]
Depth at the bottom of the Thickness [m] Vs [m/s] Poisson ratio

layer [m]

0.50 0.50 180 0.42
6.50 6.00 250 0.45
25.10 18.60 480 0.42
75.10 50.00 860 0.45
135.10 60.00 1140 0.45

inf. inf. 1200 0.45

Vs(0.0-30.0)=421m/s
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300 600 500 1200
T

[w] yidap patewns3

Vs(0.0-30.0)=421m/s 1
W5 [mfs]

[According to the SESAME, 2005 guidelines. Please read carefully theGr i 11amanual before interpreting the following tables.]

Max. H/V at 5.59 * 0.35 Hz (in the range 0.0 - 64.0 Hz).

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

f> 10/ L,

n(fo) > 200
oal(f) < 2 for 0.5f,< f < 2f, if fo>0.5Hz
calf) < 3 for 0.5f,< f < 2f, if f,< 0.5Hz

5.59 > 0.50
3691.9 > 200
Exceeded 0 out of 270 times

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

Exists f™in [fo/4, fo] | Aav(f) <Aq/2 2.813 Hz
Exists f* in [fo, 4fo] | Aun(f7) <Ag /2 6.5 Hz
A> 2 741>2
fpeak[AHN(f) iO’A(f)] =fot 5% |00632| <0.05 NO
o<g(fo) 0.35351 < 0.27969 NO
cal(fo) <0(fo) 0.7152 < 1.58
Lo window length
Nw number of windows used in the analysis
ne = Ly ny o number of significant cycles

f 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 fy/4 and f, for which Agy(f ) < Ag/2
fr frequency between f, and 4f, for which Ayn(f *) < Ag/2

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 Aun(f) curve
Gioghinv(f) threshold value for the stability condition ca(f) <6(fo)
0(fo)

Threshold values for orand oa(fo)

Freq. range [Hz] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
¢(fo) [HZ] 0.25fy 0.2 fy 0.15f, 0.10 fy 0.05 fy
6(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for oiegrn(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

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 H
az10°
L=H oppure L > 15-20 m
SCARPATAIN SCARPATA IDEALE |SCARPATA IN PENDENZA
CONTROPENDENZA
h=0 BZ1/5a
h<1/3H B=0
Classe altimetrica Classe di inclinazione Valore diFa,, . Area diinfluenza
10m=H=20m 10° < o < 90° 1.1 A=H
20m<H=40m 10° < o < 90° 1.2 A=34H
10° < o £ 20° 1.1
20° < a < 40° 1.2
H>40m 40 < o < 60° 1.3
A= 3H
60° < w < 70° 1)
w>70° 1.1
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EFFETTI MORFOLOGICI — CRESTE - SCENARIO Z3b

CRITERI DI RICONOSCIMENTO I

—

| |
CRESTA 1 ,
a2l0° e a210° | i h
h21/3H H | !
T i ST
1 |
CRESTA ARROTONDATA I I
P<10® e Pa<10° A . E—
I21/3L :------------1 ---------------- i
CRESTA APPUNTITA Vs = 800 m/s
I<1/3L
150 <L <250
AFCI;T‘:ttEI"e Fan_|_u_5 — eI 1ML Fam_n,s — Blr.u:Hr'r. Fau.l_n: _ en_TIH.rL Fﬂ.”_;._s _ au.-mH.-’L
Arroc:z?\t:ate Fay o5 ="""'"
CORRELAZIONE HIL - Fa &.1-0.5 5 CRESE ';;fr"rf CORRELAZIONE HIL - Fa @.1-0.58 CR}E;E:W
iR ia
18 18
e 214
13 i3
12 12
1 T “
" -—-)If " & -
CORRELAZIONE HIL - Fa 01055 " ca:;f:‘.q;ﬂf;r:;:s CORFELAZIONE ML - Fa 014055 " G"-ES;:'E::::"U:“"TE
an 2n
o i
16 LE
f-45] s 41
13 t1a
] e "1
i o | ——
CORFELAZIONE HIL - o 810,55 CRESTE
ARROTONDATE
H
i
18
RS
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EFFETTI LITOLOGICI — 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 FUSD GRANULONETRICO INDIGATIVD
sabbiose e sabbie con ghiaie

NOTE:
Comportamento granulare

¥ ¢ & &8 %2 # % 8 §
I
|
|

Struttura granulo-sostenuta g

Frazione ghiaiosa superiore al 35% i //
Frequenti clasti con Dpay > 20 cm /
Frazione sabbiosa fino ad un massimo del 65% i A
Matrice limoso - argillosa fino ad un massimo del 30% con | [

frazione argillosa subordinata (fino al 5%) o o o
Presenza di eventuali trovanti con D > 50 cm
Presenza di eventuali orizzonti localmente cementati

ANDAMENTO DEI VALORI DI Vs CON LA PROFONDITA®

W miz)
] 100 200 300 400 500 600 700 800

CAMFO DI VALIDITA'

Velocitd prima sfrato {mis)

CAMPO DI RON VALIDITA

Vs = 410 In(z) - 480

Correlazione T -Fa0.5-1.55

Correlazione T - Fa 0.1-0.5 —curva 1 —curva 2 —curvad 1
150
1.90 140
1.80 iyl = 18
1.0 / T E .
/ ‘-.__“‘--_ 128 e
1.60 120 ]
E: 150 / s ey il 118 A i
E 1.40 / [ 110 B et
i, i SO 1 D b 158
o (/ [ att 000 0B oa0 040 0% om0 0% am0  Be0 100
1.0 /// 'u]
van ML Fa,. .=-0.58T% +0.84T +0.94
000 00 020 0 adn ?fuﬂ, 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,, ys =1.46-0.32LnT
0.06<T =0.40 0.40<T <1.00
Fa,, ., =—7.4T7 +4.8T7 +0.84 Fa,, ., =1.32-0.28LnT
0.05<T <0.40 0.40<T <1.00
Fag, s =—4.7T% +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 FUSC GRANULOMETRICO INDIEATIVO
ghiaiose debolmente limose ed argille con sabbie =
debolmente limose . ::::IT

NOTE: g

[
Comportamento coesivo i.
Struttura matrice-sostenuta N
Frazione limosa superiore al 40% s
Presenza di clasti immersi con Dya, < 2-3 cm
Frazione ghiaiosa fino ad un massimo del 25% oo U s
Frazione sabbiosa fino ad un massimo del 35%
Frazione argillosa compresa tra 20% e 60%
Presenza di eventuali sottili orizzonti ghiaioso fini e
sabbioso medio-grossolani

AMNDAMENTO DEI VALORI DI Vs CON LA PROFONDITA

V. [mis}
o 100 200 am 400 =00 00 o0 B0 Profondita primo stralo (m)
0 CAMPO DI VALIDITA E
] )
&
= CAMPO DI NON VALIITA' - E‘
Vs = 10360 1072 g
Correlazione T-Fa 05158
160
Corrslazione T - Fa 0.10.5 5 —cuna1 —aunaz —anal =
:'2 145
23 H‘ﬂﬂ
0 R o
0 Mt e 3 =
= 180 il 13 e fres
S o s s = - il
& 160
- T EeaETEN 140 i
e / ETTEE] :: //
:z / [ — oo awn 00 0.3 040 0.50 060 ot oan 090 100
o Wi Tish
1.00 /
0.00 019 o Q30 040 ‘0-; 0.60 oro 0.80 0.3 100 Fao.s_LS _ _0. 6T2 + 0'9T + 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 Fay g =1.72-0.38LnT
:[ 0.06<T <0.35 0.35<T <1.00
Fa,, s = -9.5T +6.3T +0.73 Fa,, ., =1.51-0.25LnT
0.05<T <0.35 0.35<T =1.00
Fa,, ,.=-73T% +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 FUSO GRANULOMETRICO INDICATIVG
sabbiosi: - _1_
PARAMETRO INTERVALLOD [F] S

Peso di volume naturale y[kN/m®] 19.5-20.0 nf——sr = o7
Peso specifico particelle solide ye [kN/m'] 25.7-26.7 [ ,_’/

Contenuto d'acqua naturale w [%e] 20-25 E =

Limite di liquidita w, [%] 30-50 £

Limite di plasticita Wi [%)] 15-20 :

Indice di plasticita Ip [%6] 15-30 wle

Indice dei vuoti e 0.5-0.7 .

Grado di saturazione 5, [%] 90-100 e ! A " -
Coefficiente di spinta a riposo Ky 0.5-0.6

Indice di compressione C. 0.15-0.30

Indice di rigonfiamento C, 0.02-0.08

Coefficiente di consolidazione secondaria Ca 0.001-0.005

Grado di consolidazione OCR 1-3

MNumere colpi prova SPT (nei primi 10 m) Nspt 15-30

ANDAMENTO DEI VALORI DI Vs CON LA PROFONDITA'
s (mis) . N
N 1o . - 0o w0 a0 0 - Profondita prime strafo (m)

z(afals]e[v[a]alw[iz]ufw]n

10 CAMPD DI VALIDITA %
15 E
%
is £
] GAMPO 0 NON VALKHTA' 2
=
n £
Vs = 151"
k3
40

Correlazions T-Fa 0.5-1.5 5

Correlazione T+ Fa 0.1:0.5 5 E—— —anaz —aral :::
280 1.50
e -
j‘;: // b |curat R :: “‘/- ‘.\_‘.‘
00 v é 1.3 /‘/
5 ::’: ' T Rk /,
517 / ] T 120
E m L R Jeurve 3 s i
150 f‘;‘;/’( 140 //
i -
i llf 0.0 o oz20 0.30 040 ::'CJ 060 oTo 0.80 0s0 1.00
oo o0 o.20 0.30 0.40 'ﬂ: s T -0 080 1.00 Fa"-s_]s — _T2 + 1.487' + 0‘ 88
Curva Tratto polinomiale Tratto logaritmico
0.10<T <0.40 0.40<T <1.00
Fa,, . ==13.9T77 +10.4T +0.46 Fa,, ,.=2.12-030LnT
0.08<T <0.40 040<T £1.00
Fa,, ,. =—12.8T% +9.2T +0.48 Fa,, .. =1.77 - 0.38LnT
0.05<T <040 0.40<T <1.00
Fa,, s =-10.6T% + 7.6T + 0.46 Fa,, o =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 B GRANULOMETHICD MEICATIVG
sabbie, limi debolmente argillosi, limi debolmente - = -
sabbiosi, limi debolmente ghiaiosi e sabbie con limi @ 7
debolmente argillosi © 7
NOTE: ie [
i [
Comportamento coesivo Pl !
Frazione limosa ad un massimo del 95% = /
Presenza di clasti immersi con Dpax < 2-3 cm = S
Frazione ghiaiosa fino ad un massimo del 10% P
Frazione sabbiosa fino ad un massimo del 45% o R - -
Frazione argillosa fino ad un massimo del 15%
A FIANCO: range di valori per alcuni parametri geotecnici
significativi validi per limi sabbiosi debolmente argillosi
ANDAMENTOQ DEI VALORI DI Vs COM LA PROFONDITA’
L] ol 200 300 “q'l;';'“ 500 L] Tom &0
+ Profondits prime strafto (m)
s 10|11 (12 13
0 CAMPO DI VALIDITA'
15 E
- g
3 CAMPO DI NON VALIDITA' -E- F
» Vs =31e°"72 i
s |
=
40
Correlazione T-Fa0.5-1.5%
Correlazione T-Fa0.1-0.5s — e 1 — curva 2 —cuna 3 160
250 1.55
I EErera—=n—
200 - 135
=190 A 5 —
$m 7 7 —
s / =] - . =
o i a3 | @ =
180 / i e =
Fir e
130 / / 1.05 /
1 i o - 9
190 f/ - .00 0.10 am @30 40 05 L ot .60 080 100
1.00 Tisl
i Faps.ys =-0.67T° + 1.03T + 0.93
Curva Tratto polinomiale Tratto logaritmico
0.08<T <0.40 0.40<T <1.00
Fa,, .. =—13.977 +10.4T + 0.46 Fa,, s =2.12-0.30LnT
0.06<T <035 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 . FUSD GRANULOMETRICD WDICATIVO
/’_ -
GRANULOMETRIA: :
Da limi con sabbie debolmente ghiaiose a limi debolmente -
sabbioso-argillosi passando per limi con sabbie, limi I
[ PEERE P e
debolmente argillosi, limi debolmente sabbiosi, limi _E = y /
debolmente ghiaiosi e sabbie con limi debolmente argillosi : == /
N /:‘
NOTE: I S o R B
Comportamento coesivo Bl ot eus
Frazione limosa ad un massimo del 95% PARANETRD ; BERVALD
Presenza di clasti immersi con Dpmax < 2-3 cm Ep———— s T
Frazione ghiaiosa fino ad un massimo del 10% T el =
Frazione sabbiosa fino ad un massimo del 45% i d oS ] 1520
Frazione argillosa fino ad un massimo del 15% indice di plastica (] 518
" . . . . Iredice: dai vunt [] 0608
A FIANCO: range di valori per alcuni parametri geotecnici |Gr:nod|s.1lur:mnu 5 (%) 50100
- i T i [y H i Canfcients di spinta a r [ 0405
significativi validi per limi sabbiosi debolmente argillosi RN = e
Irclics i rigomfiameanto S 0.03-0.05
Caeffcienta di consclidaziane secondaria = 10.003-0.006
[Mumen colpi prova SPT (nei prmi 10 m) Mgt 020

ANDAMENTO DEI VALORI DI Vs CON LA PROFONDITA

Wi fmis] Profandita prime strato {m)
E
] =
1" AN D VALIDHTA' E
» 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
o Vi i P ®aas yd
2 E 1.30 /
ﬁfz pt Ak oI WA ? 128 //
7;;1&.- L 120 7
S / /.
. 1A ] IR /
ie 174 110
o IR /
130 / 1.00 /
120 7 .00 [XTIT 030 .40 ns ag am LE LES] 100
110 ! Tisl
oo o0 0.20 0.30 .40 -I:: 080 o R 080 1.00 Faols LS _ _ 1 .33T2 + 2‘02T + 0.79
Curva Tratto polinomiale Tratto logaritmico
0.10<T <0.40 0.40<T <1.00
Fa,, ,. =-13.9T% +10.4T + 0.46 Fa,, .. =2.12-0.30LnT
0.08<T <0.40 0.40<T <1.00
Fa,, . =—12.8T% +9.2T +0.48 Fa,, .. =1.77-0.38LnT
0.05<T <0.40 0.40<T <1.00
Fa,, .. =—10.6T* + 7.6T +0.46 Fa,, s =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 4
ghiaia, sabbie limose debolmente ghiaiose, sabbie . f/
ghiaiose debolmente limose e sabbie g & 1 /
i / /
NOTE: . ¥
Comportamento granulare u ./ /
Struttura granulo-sostenuta “ //
Clasti con Dpmax > 20 cm inferiori al 15% ok - - ; ' + 3
Frazione ghiaiosa inferiore al 25% s s et et
Frazione limosa fino ad un massimo del 70%
ANDAMENTO DELLE Vs CON LA PROFONDITA'
LITOLOGIA SABBMOSA
o e 00 00 Y owm o0 70 0 FPrafondié prime sl {m)
70|80 110 | 130 | 140 | 180 180.
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- i |
LE E |
20 - a| wa | wa
- CAMPO D O N VALIDITA E il na | | ma
18 Vs = 171 eU.UU??t £ WA MA | MA | mA | MA
- WA W | n | Wh | A | ek
-
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
s.em 12 m e velocita media Vs minore o uguale a 300 m/s
|
poggiante su strato con velocita maggiore di 500 m/s
Coralaziona T-Fa 01058 =i 1 — i —wra 3 | Caorrelazions T - Fa [0.5-1.5 5) l —ara — ara ]
z 2
Eal 1
2 curva 1 urvy 23
N ' i
1 1,
. it .
T /| edvad | T i
E ‘I fr /?I:“\ 3 . chirvafl st
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14 F L eunia g 14 Pl T
, 't \\ \\ N i i
12 f‘ 1z
i N N .
i oY I
0 0 020 M 040 050 060 070 080 OBF 100 10 1320 130 140 150 Lm0 a0 00 019 020 03 040 0N OB 070 oM gﬁﬂ 120 10 130 130 140 130 160 1T 100
T il
Curva Tratte polinomiale Tratto logaritmico Tratto rettilineo
003 5 T £ 050 0.50< T =1.00 | T 100 Curva
Fa s =-1221 T2+ 778 T + 078 Fagps=1.01 =084 InT Fayias= 1.00 008=T =180
0035 T 5045 045 < T = 080 T =060 Fazais=057 T =218 T + 236 T+0.81
Fanios=B85T +544T+0.84 Fass= 083088 InT Fauias= 100 0085T <080 0805 T=1.80
0032 T <040 0.50<T=D55 T>055 Fassis =B 11T + 6578 T + 0,44 T+ 0.83 Fass=173=061InT

Fauias=-068 T + 477 T+0.88 Falsgns =062 085InT Fagmas= 100




