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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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Sezione n.1 - Botta loc.Giongo. 

 

 

  

Sezione n.2 - Botta loc.Giongo. 
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Sezione n.3 - Botta loc.Giongo. 

 

 

 

Sezione n.4- Botta Casa Ritiri San Giuseppe. 
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Sezione n.5 - Sedrina loc.Lisso. 

 

 

 

Sezione n.6 - Sedrina loc.Lisso. 
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Sezione n.7- Sedrina loc.Lisso. 

 

 

 

Sezione n.8- Sedrina loc.Lisso. 
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Sezione n.9 - Sedrina. 

 

 

 

Sezione n.10 - Sedrina. 
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Sezione n.11 - Sedrina . 

 

 

 

Sezione n.12 - Sedrina. 
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Sezione n.13 - Sedrina. 

 

 

 

Sezione n.14 - Sedrina. 
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Sezione n.15- Sedrina Alta. 

 

 

 

Sezione n.16 - Sedrina Alta. 



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 

 

 

 

 

 

Sezione n.17- Sedrina Alta. 

 

 

 

Sezione n.18- Sedrina area Busi. 
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Sezione n.19- Sedrina area Busi. 

 

 

 

Sezione n.20 - Cacosio. 
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Sezione n.21 - Cacosio. 

 

 

 

Sezione n.22 - Cacosio. 
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Sezione n.23 - Cassettone. 

 

 

 

Sezione n.24 - Cassettone. 
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Sezione n.25 - Cassettone. 

 

 

 

Sezione n.26 - Cassettone. 
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Sezione n.27 - Cassettone. 

 

 

 

Sezione n.28 - Pratomano. 
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Sezione n.29 - Pratomano. 

 

 

 

Sezione n.30 - Pratomano. 

 

 

 

 

 

 



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 

 

 

 

 

 

Sezione n.31 - Pratomano. 

 

 

 

Sezione n.32 - Pratomano. 
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Sezione n.33 - Cler. 

 

 

 

Sezione n.34 - Benago. 
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Sezione n.35 - Sant'Antonio. 

 

 

 

Sezione n.36 - Sant'Antonio. 
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Sezione n.37 - Sant'Antonio. 
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Misure di rumore sismico HVSR a stazione singola 
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T01 - 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 

 
 

 
H/V TIME HISTORY 
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SINGLE COMPONENT SPECTRA 

 
EXPERIMENTAL vs. SYNTHETIC H/V 

 
 

 
 
 

Depth at the bottom of the 
layer [m] 

Thickness [m] Vs [m/s] Poisson ratio 

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 
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[According to the SESAME, 2005 guidelines. Please read carefully theGrillamanual 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] 
 

f0> 10 / Lw 5.00 > 0.50 OK  

nc(f0) > 200 4900.0 > 200 OK  

A(f) < 2 for 0.5f0< f < 2f0 if  f0> 0.5Hz 

A(f) < 3 for 0.5f0< f < 2f0 if  f0< 0.5Hz 

Exceeded  0 out of  241 times OK  

 
Criteria for a clear H/V peak 

[At least 5 out of 6 should be fulfilled] 
 

Exists f
 -
 in  [f0/4, f0] | AH/V(f

 -
) < A0 / 2 2.531 Hz OK  

Exists f
 +
 in  [f0, 4f0] | AH/V(f

 +
) < A0 / 2 6.906 Hz OK  

A0> 2  3.41 > 2 OK  

fpeak[AH/V(f) ±A(f)] = f0 ± 5% |1.96943| < 0.05  NO 

f<(f0) 9.84717 < 0.25  NO 

A(f0) <(f0) 0.2723 < 1.58 OK  

 

Lw 
nw 

nc = Lw nw f0  
f 

 f0

f 

(f0) 
A0 

AH/V(f) 
f 

– 

f 
+ 

A(f) 
 

logH/V(f) 

(f0)

window length 
number of windows used in the analysis 
number of significant cycles 
current frequency 
H/V peak frequency 
standard deviation of H/V peak frequency 

threshold value for the stability condition f<(f0) 
H/V peak amplitude at frequency f0 

H/V curve amplitude at frequency f 
frequency between f0/4 and f0 for which AH/V(f 

-
) < A0/2 

frequency between f0 and 4f0 for which AH/V(f 
+
) < A0/2 

standard deviation of AH/V(f), A(f) is the factor by which the mean AH/V(f) curve should be multiplied or divided 
standard deviation of log AH/V(f) curve 

threshold value for the stability condition A(f) <(f0) 

 

Threshold values for f and A(f0) 

Freq. range [Hz] < 0.2 0.2 – 0.5 0.5 – 1.0 1.0 – 2.0 > 2.0 

(f0) [Hz] 0.25 f0 0.2 f0 0.15 f0 0.10 f0 0.05 f0 

(f0) for A(f0) 3.0 2.5 2.0 1.78 1.58 

log (f0) for logH/V(f0) 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 

 
 

 
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 

 
 
 

EXPERIMENTAL vs. SYNTHETIC H/V 
 

 
 
 

Depth at the bottom of the 
layer [m] 

Thickness [m] Vs [m/s] Poisson ratio 

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 
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[According to the SESAME, 2005 guidelines. Please read carefully theGrillamanual 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] 
 

f0> 10 / Lw 5.31 > 0.50 OK  

nc(f0) > 200 3931.3 > 200 OK  

A(f) < 2 for 0.5f0< f < 2f0 if  f0> 0.5Hz 

A(f) < 3 for 0.5f0< f < 2f0 if  f0< 0.5Hz 

Exceeded  0 out of  256 times OK  

 
Criteria for a clear H/V peak 

[At least 5 out of 6 should be fulfilled] 
 

Exists f
 -
 in  [f0/4, f0] | AH/V(f

 -
) < A0 / 2 3.813 Hz OK  

Exists f
 +
 in  [f0, 4f0] | AH/V(f

 +
) < A0 / 2 6.813 Hz OK  

A0> 2  3.60 > 2 OK  

fpeak[AH/V(f) ±A(f)] = f0 ± 5% |0.02616| < 0.05 OK  

f<(f0) 0.139 < 0.26563 OK  

A(f0) <(f0) 0.5221 < 1.58 OK  

 

Lw 
nw 

nc = Lw nw f0  
f 

 f0

f 

(f0) 
A0 

AH/V(f) 
f 

– 

f 
+ 

A(f) 
 

logH/V(f) 

(f0)

window length 
number of windows used in the analysis 
number of significant cycles 
current frequency 
H/V peak frequency 
standard deviation of H/V peak frequency 

threshold value for the stability condition f<(f0) 
H/V peak amplitude at frequency f0 

H/V curve amplitude at frequency f 
frequency between f0/4 and f0 for which AH/V(f 

-
) < A0/2 

frequency between f0 and 4f0 for which AH/V(f 
+
) < A0/2 

standard deviation of AH/V(f), A(f) is the factor by which the mean AH/V(f) curve should be multiplied or divided 
standard deviation of log AH/V(f) curve 

threshold value for the stability condition A(f) <(f0) 

 

Threshold values for f and A(f0) 

Freq. range [Hz] < 0.2 0.2 – 0.5 0.5 – 1.0 1.0 – 2.0 > 2.0 

(f0) [Hz] 0.25 f0 0.2 f0 0.15 f0 0.10 f0 0.05 f0 

(f0) for A(f0) 3.0 2.5 2.0 1.78 1.58 

log (f0) for logH/V(f0) 0.48 0.40 0.30 0.25 0.20 
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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 

 
 

 
H/V TIME HISTORY 
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SINGLE COMPONENT SPECTRA 

 
 
 

EXPERIMENTAL vs. SYNTHETIC H/V 
 

 
 
 

Depth at the bottom of the 
layer [m] 

Thickness [m] Vs [m/s] Poisson ratio 

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 
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[According to the SESAME, 2005 guidelines. Please read carefully theGrillamanual 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] 
 

f0> 10 / Lw 16.41 > 0.50 OK  

nc(f0) > 200 11812.5 > 200 OK  

A(f) < 2 for 0.5f0< f < 2f0 if  f0> 0.5Hz 

A(f) < 3 for 0.5f0< f < 2f0 if  f0< 0.5Hz 

Exceeded  0 out of  788 times OK  

 
Criteria for a clear H/V peak 

[At least 5 out of 6 should be fulfilled] 
 

Exists f
 -
 in  [f0/4, f0] | AH/V(f

 -
) < A0 / 2 12.531 Hz OK  

Exists f
 +
 in  [f0, 4f0] | AH/V(f

 +
) < A0 / 2 26.594 Hz OK  

A0> 2  4.49 > 2 OK  

fpeak[AH/V(f) ±A(f)] = f0 ± 5% |0.07307| < 0.05  NO 

f<(f0) 1.19881 < 0.82031  NO 

A(f0) <(f0) 0.3798 < 1.58 OK  

 

Lw 
nw 

nc = Lw nw f0  
f 

 f0

f 

(f0) 
A0 

AH/V(f) 
f 

– 

f 
+ 

A(f) 
 

logH/V(f) 

(f0)

window length 
number of windows used in the analysis 
number of significant cycles 
current frequency 
H/V peak frequency 
standard deviation of H/V peak frequency 

threshold value for the stability condition f<(f0) 
H/V peak amplitude at frequency f0 

H/V curve amplitude at frequency f 
frequency between f0/4 and f0 for which AH/V(f 

-
) < A0/2 

frequency between f0 and 4f0 for which AH/V(f 
+
) < A0/2 

standard deviation of AH/V(f), A(f) is the factor by which the mean AH/V(f) curve should be multiplied or divided 
standard deviation of log AH/V(f) curve 

threshold value for the stability condition A(f) <(f0) 

 

Threshold values for f and A(f0) 

Freq. range [Hz] < 0.2 0.2 – 0.5 0.5 – 1.0 1.0 – 2.0 > 2.0 

(f0) [Hz] 0.25 f0 0.2 f0 0.15 f0 0.10 f0 0.05 f0 

(f0) for A(f0) 3.0 2.5 2.0 1.78 1.58 

log (f0) for logH/V(f0) 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 

 
 

 
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 

 
 
 

EXPERIMENTAL vs. SYNTHETIC H/V 
 

 
 
 

Depth at the bottom of the 
layer [m] 

Thickness [m] Vs [m/s] Poisson ratio 

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 

 

 

 

 
 
[According to the SESAME, 2005 guidelines. Please read carefully theGrillamanual 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] 
 

f0> 10 / Lw 3.81 > 0.50 OK  

nc(f0) > 200 3202.5 > 200 OK  

A(f) < 2 for 0.5f0< f < 2f0 if  f0> 0.5Hz 

A(f) < 3 for 0.5f0< f < 2f0 if  f0< 0.5Hz 

Exceeded  0 out of  184 times OK  

 
Criteria for a clear H/V peak 

[At least 5 out of 6 should be fulfilled] 
 

Exists f
 -
 in  [f0/4, f0] | AH/V(f

 -
) < A0 / 2 3.281 Hz OK  

Exists f
 +
 in  [f0, 4f0] | AH/V(f

 +
) < A0 / 2 4.719 Hz OK  

A0> 2  8.78 > 2 OK  

fpeak[AH/V(f) ±A(f)] = f0 ± 5% |0.15529| < 0.05  NO 

f<(f0) 0.59202 < 0.19063  NO 

A(f0) <(f0) 1.774 < 1.58  NO 

 

Lw 
nw 

nc = Lw nw f0  
f 

 f0

f 

(f0) 
A0 

AH/V(f) 
f 

– 

f 
+ 

A(f) 
 

logH/V(f) 

(f0)

window length 
number of windows used in the analysis 
number of significant cycles 
current frequency 
H/V peak frequency 
standard deviation of H/V peak frequency 

threshold value for the stability condition f<(f0) 
H/V peak amplitude at frequency f0 

H/V curve amplitude at frequency f 
frequency between f0/4 and f0 for which AH/V(f 

-
) < A0/2 

frequency between f0 and 4f0 for which AH/V(f 
+
) < A0/2 

standard deviation of AH/V(f), A(f) is the factor by which the mean AH/V(f) curve should be multiplied or divided 
standard deviation of log AH/V(f) curve 

threshold value for the stability condition A(f) <(f0) 

 

Threshold values for f and A(f0) 

Freq. range [Hz] < 0.2 0.2 – 0.5 0.5 – 1.0 1.0 – 2.0 > 2.0 

(f0) [Hz] 0.25 f0 0.2 f0 0.15 f0 0.10 f0 0.05 f0 

(f0) for A(f0) 3.0 2.5 2.0 1.78 1.58 

log (f0) for logH/V(f0) 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 - 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 

 
 

 
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 

 
 
 

EXPERIMENTAL vs. SYNTHETIC H/V 
 

 
 
 

Depth at the bottom of the 
layer [m] 

Thickness [m] Vs [m/s] Poisson ratio 

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 

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 

 

 

 

 
 
[According to the SESAME, 2005 guidelines. Please read carefully theGrillamanual 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] 
 

f0> 10 / Lw 7.06 > 0.50 OK  

nc(f0) > 200 4802.5 > 200 OK  

A(f) < 2 for 0.5f0< f < 2f0 if  f0> 0.5Hz 

A(f) < 3 for 0.5f0< f < 2f0 if  f0< 0.5Hz 

Exceeded  0 out of  340 times OK  

 
Criteria for a clear H/V peak 

[At least 5 out of 6 should be fulfilled] 
 

Exists f
 -
 in  [f0/4, f0] | AH/V(f

 -
) < A0 / 2 5.688 Hz OK  

Exists f
 +
 in  [f0, 4f0] | AH/V(f

 +
) < A0 / 2 10.188 Hz OK  

A0> 2  4.01 > 2 OK  

fpeak[AH/V(f) ±A(f)] = f0 ± 5% |0.06783| < 0.05  NO 

f<(f0) 0.47908 < 0.35313  NO 

A(f0) <(f0) 0.974 < 1.58 OK  

 

Lw 
nw 

nc = Lw nw f0  
f 

 f0

f 

(f0) 
A0 

AH/V(f) 
f 

– 

f 
+ 

A(f) 
 

logH/V(f) 

(f0)

window length 
number of windows used in the analysis 
number of significant cycles 
current frequency 
H/V peak frequency 
standard deviation of H/V peak frequency 

threshold value for the stability condition f<(f0) 
H/V peak amplitude at frequency f0 

H/V curve amplitude at frequency f 
frequency between f0/4 and f0 for which AH/V(f 

-
) < A0/2 

frequency between f0 and 4f0 for which AH/V(f 
+
) < A0/2 

standard deviation of AH/V(f), A(f) is the factor by which the mean AH/V(f) curve should be multiplied or divided 
standard deviation of log AH/V(f) curve 

threshold value for the stability condition A(f) <(f0) 

 

Threshold values for f and A(f0) 

Freq. range [Hz] < 0.2 0.2 – 0.5 0.5 – 1.0 1.0 – 2.0 > 2.0 

(f0) [Hz] 0.25 f0 0.2 f0 0.15 f0 0.10 f0 0.05 f0 

(f0) for A(f0) 3.0 2.5 2.0 1.78 1.58 

log (f0) for logH/V(f0) 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 

 
 

 
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 

 
 
 

EXPERIMENTAL vs. SYNTHETIC H/V 
 

 
 
 

Depth at the bottom of the 
layer [m] 

Thickness [m] Vs [m/s] Poisson ratio 

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 

 

 

 

 
 
[According to the SESAME, 2005 guidelines. Please read carefully theGrillamanual 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] 
 

f0> 10 / Lw 4.09 > 0.50 OK  

nc(f0) > 200 3848.1 > 200 OK  

A(f) < 2 for 0.5f0< f < 2f0 if  f0> 0.5Hz 

A(f) < 3 for 0.5f0< f < 2f0 if  f0< 0.5Hz 

Exceeded  0 out of  198 times OK  

 
Criteria for a clear H/V peak 

[At least 5 out of 6 should be fulfilled] 
 

Exists f
 -
 in  [f0/4, f0] | AH/V(f

 -
) < A0 / 2 3.156 Hz OK  

Exists f
 +
 in  [f0, 4f0] | AH/V(f

 +
) < A0 / 2 6.781 Hz OK  

A0> 2  2.99 > 2 OK  

fpeak[AH/V(f) ±A(f)] = f0 ± 5% |0.05946| < 0.05  NO 

f<(f0) 0.24343 < 0.20469  NO 

A(f0) <(f0) 0.2285 < 1.58 OK  

 

Lw 
nw 

nc = Lw nw f0  
f 

 f0

f 

(f0) 
A0 

AH/V(f) 
f 

– 

f 
+ 

A(f) 
 

logH/V(f) 

(f0)

window length 
number of windows used in the analysis 
number of significant cycles 
current frequency 
H/V peak frequency 
standard deviation of H/V peak frequency 

threshold value for the stability condition f<(f0) 
H/V peak amplitude at frequency f0 

H/V curve amplitude at frequency f 
frequency between f0/4 and f0 for which AH/V(f 

-
) < A0/2 

frequency between f0 and 4f0 for which AH/V(f 
+
) < A0/2 

standard deviation of AH/V(f), A(f) is the factor by which the mean AH/V(f) curve should be multiplied or divided 
standard deviation of log AH/V(f) curve 

threshold value for the stability condition A(f) <(f0) 

 

Threshold values for f and A(f0) 

Freq. range [Hz] < 0.2 0.2 – 0.5 0.5 – 1.0 1.0 – 2.0 > 2.0 

(f0) [Hz] 0.25 f0 0.2 f0 0.15 f0 0.10 f0 0.05 f0 

(f0) for A(f0) 3.0 2.5 2.0 1.78 1.58 

log (f0) for logH/V(f0) 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 - 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 

 
 

 
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 

 
 
 

EXPERIMENTAL vs. SYNTHETIC H/V 
 

 
 
 

Depth at the bottom of the 
layer [m] 

Thickness [m] Vs [m/s] Poisson ratio 

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 

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 

 

 

 

 
 
[According to the SESAME, 2005 guidelines. Please read carefully theGrillamanual 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] 
 

f0> 10 / Lw 12.59 > 0.50 OK  

nc(f0) > 200 15112.5 > 200 OK  

A(f) < 2 for 0.5f0< f < 2f0 if  f0> 0.5Hz 

A(f) < 3 for 0.5f0< f < 2f0 if  f0< 0.5Hz 

Exceeded  0 out of  606 times OK  

 
Criteria for a clear H/V peak 

[At least 5 out of 6 should be fulfilled] 
 

Exists f
 -
 in  [f0/4, f0] | AH/V(f

 -
) < A0 / 2 5.125 Hz OK  

Exists f
 +
 in  [f0, 4f0] | AH/V(f

 +
) < A0 / 2 22.594 Hz OK  

A0> 2  2.89 > 2 OK  

fpeak[AH/V(f) ±A(f)] = f0 ± 5% |0.13047| < 0.05  NO 

f<(f0) 1.6431 < 0.62969  NO 

A(f0) <(f0) 0.212 < 1.58 OK  

 

Lw 
nw 

nc = Lw nw f0  
f 

 f0

f 

(f0) 
A0 

AH/V(f) 
f 

– 

f 
+ 

A(f) 
 

logH/V(f) 

(f0)

window length 
number of windows used in the analysis 
number of significant cycles 
current frequency 
H/V peak frequency 
standard deviation of H/V peak frequency 

threshold value for the stability condition f<(f0) 
H/V peak amplitude at frequency f0 

H/V curve amplitude at frequency f 
frequency between f0/4 and f0 for which AH/V(f 

-
) < A0/2 

frequency between f0 and 4f0 for which AH/V(f 
+
) < A0/2 

standard deviation of AH/V(f), A(f) is the factor by which the mean AH/V(f) curve should be multiplied or divided 
standard deviation of log AH/V(f) curve 

threshold value for the stability condition A(f) <(f0) 

 

Threshold values for f and A(f0) 

Freq. range [Hz] < 0.2 0.2 – 0.5 0.5 – 1.0 1.0 – 2.0 > 2.0 

(f0) [Hz] 0.25 f0 0.2 f0 0.15 f0 0.10 f0 0.05 f0 

(f0) for A(f0) 3.0 2.5 2.0 1.78 1.58 

log (f0) for logH/V(f0) 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 - 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 

 
 

 
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 

 
 
 

EXPERIMENTAL vs. SYNTHETIC H/V 
 

 
 
 

Depth at the bottom of the 
layer [m] 

Thickness [m] Vs [m/s] Poisson ratio 

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 
 



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 

 

 

 

 
 
[According to the SESAME, 2005 guidelines. Please read carefully theGrillamanual 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] 
 

f0> 10 / Lw 4.31 > 0.50 OK  

nc(f0) > 200 5175.0 > 200 OK  

A(f) < 2 for 0.5f0< f < 2f0 if  f0> 0.5Hz 

A(f) < 3 for 0.5f0< f < 2f0 if  f0< 0.5Hz 

Exceeded  0 out of  208 times OK  

 
Criteria for a clear H/V peak 

[At least 5 out of 6 should be fulfilled] 
 

Exists f
 -
 in  [f0/4, f0] | AH/V(f

 -
) < A0 / 2 2.563 Hz OK  

Exists f
 +
 in  [f0, 4f0] | AH/V(f

 +
) < A0 / 2 6.281 Hz OK  

A0> 2  4.61 > 2 OK  

fpeak[AH/V(f) ±A(f)] = f0 ± 5% |0.04656| < 0.05 OK  

f<(f0) 0.20079 < 0.21563 OK  

A(f0) <(f0) 0.3092 < 1.58 OK  

 

Lw 
nw 

nc = Lw nw f0  
f 

 f0

f 

(f0) 
A0 

AH/V(f) 
f 

– 

f 
+ 

A(f) 
 

logH/V(f) 

(f0)

window length 
number of windows used in the analysis 
number of significant cycles 
current frequency 
H/V peak frequency 
standard deviation of H/V peak frequency 

threshold value for the stability condition f<(f0) 
H/V peak amplitude at frequency f0 

H/V curve amplitude at frequency f 
frequency between f0/4 and f0 for which AH/V(f 

-
) < A0/2 

frequency between f0 and 4f0 for which AH/V(f 
+
) < A0/2 

standard deviation of AH/V(f), A(f) is the factor by which the mean AH/V(f) curve should be multiplied or divided 
standard deviation of log AH/V(f) curve 

threshold value for the stability condition A(f) <(f0) 

 

Threshold values for f and A(f0) 

Freq. range [Hz] < 0.2 0.2 – 0.5 0.5 – 1.0 1.0 – 2.0 > 2.0 

(f0) [Hz] 0.25 f0 0.2 f0 0.15 f0 0.10 f0 0.05 f0 

(f0) for A(f0) 3.0 2.5 2.0 1.78 1.58 

log (f0) for logH/V(f0) 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 

 
 

 
H/V TIME HISTORY 
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SINGLE COMPONENT SPECTRA 

 
 
 

EXPERIMENTAL vs. SYNTHETIC H/V 
 

 
 
 

Depth at the bottom of the 
layer [m] 

Thickness [m] Vs [m/s] Poisson ratio 

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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[According to the SESAME, 2005 guidelines. Please read carefully theGrillamanual 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] 
 

f0> 10 / Lw 5.59 > 0.50 OK  

nc(f0) > 200 3691.9 > 200 OK  

A(f) < 2 for 0.5f0< f < 2f0 if  f0> 0.5Hz 

A(f) < 3 for 0.5f0< f < 2f0 if  f0< 0.5Hz 

Exceeded  0 out of  270 times OK  

 
Criteria for a clear H/V peak 

[At least 5 out of 6 should be fulfilled] 
 

Exists f
 -
 in  [f0/4, f0] | AH/V(f

 -
) < A0 / 2 2.813 Hz OK  

Exists f
 +
 in  [f0, 4f0] | AH/V(f

 +
) < A0 / 2 6.5 Hz OK  

A0> 2  7.41 > 2 OK  

fpeak[AH/V(f) ±A(f)] = f0 ± 5% |0.0632| < 0.05  NO 

f<(f0) 0.35351 < 0.27969  NO 

A(f0) <(f0) 0.7152 < 1.58 OK  

 

Lw 
nw 

nc = Lw nw f0  
f 

 f0

f 

(f0) 
A0 

AH/V(f) 
f 

– 

f 
+ 

A(f) 
 

logH/V(f) 

(f0)

window length 
number of windows used in the analysis 
number of significant cycles 
current frequency 
H/V peak frequency 
standard deviation of H/V peak frequency 

threshold value for the stability condition f<(f0) 
H/V peak amplitude at frequency f0 

H/V curve amplitude at frequency f 
frequency between f0/4 and f0 for which AH/V(f 

-
) < A0/2 

frequency between f0 and 4f0 for which AH/V(f 
+
) < A0/2 

standard deviation of AH/V(f), A(f) is the factor by which the mean AH/V(f) curve should be multiplied or divided 
standard deviation of log AH/V(f) curve 

threshold value for the stability condition A(f) <(f0) 

 

Threshold values for f and A(f0) 

Freq. range [Hz] < 0.2 0.2 – 0.5 0.5 – 1.0 1.0 – 2.0 > 2.0 

(f0) [Hz] 0.25 f0 0.2 f0 0.15 f0 0.10 f0 0.05 f0 

(f0) for A(f0) 3.0 2.5 2.0 1.78 1.58 

log (f0) for logH/V(f0) 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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