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6.2.1. DM 14/01/08

ai sensi del D. M. 

14/01/2008 NNTC 6.4 del D.M. 14/01/08

indirizzi per gli studi di 

microzonazione sismica in Emilia Romagna per la pianificazione territoriale ed urbanistica

Delibera di Assemblea Legislativa n.112/2007 Delibera Giunta 

Regionale n. 2193/2015 Ordinanza n. 70 del 13/11/2012.
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HVSR

;
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Bing Maps. 
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Ferrara
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1) RELAZIONE GEOLOGICA riguardante le indagini geognostiche eseguite, la caratterizzazione e 

modellazione geologica del sito (6.2.1. D.M. 14/01/08); 

2) Relazione concernente la “RISPOSTA SISMICA DEL SITO” (ai sensi del D. M. 14/01/2008 

NNTC), la verifica dello Stato Limite Ultimo (SLU) (par. 6.4 del D.M. 14/01/08) e la verifica a 

possibili fenomeni di liquefazione (D.M. 14 /01/2008) 

3) MICROZONAZIONE SISMICA DELL’AREA Delibera Assemblea Legislativa 

(DAL) n. 112/2007 Art. 16 c.1 ”indirizzi per gli studi di microzonazione sismica in Emilia-Romagna 

per la pianificazione territoriale e urbanistica  e successiva DGR 2193/2015 
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n. 1 prova penetrometrica statica con piezocono sismico SCPTU, che ha raggiunto la 

profondità di -30.30 m da p.c., eseguita in data 31/10/2017; 

n. 1 prova penetrometrica statica con piezocono CPTU, che ha raggiunto la profondità 

di -20.00 m da p.c., eseguita in data 31/10/2017; 

n. 2 indagini sismiche con metodologia MASW, eseguite in data 27/10/2017;

n. 2 indagini sismiche passive con metodologia Re.Mi., eseguite in data 27/10/2017;

n. 3 indagini sismiche passive HVSR, eseguite in data 27/10/2017.
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n. 2 indagini sismiche con metodo MASW;

n. 2 indagini sismiche passive con metodo Re.Mi.;

n. 3 indagini sismiche passive Horizontal to Vertical Spectral Ratio (HVSR) – 

Metodo di Nakamura.

MASW, Re.Mi. 

HVSR .

Geode Geometrics 24
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Louie, 2001
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offset

-

pick

HVSR

Horizontal to Vertical Spectral Ratio – Metodo di Nakamura
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Boulanger Idriss
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ALLEGATO N° 1 

Prove penetrometriche statiche CPT 
e SCPTU corredate di 

interpretazione geotecnica 
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ANALISISISMICA DI SITO SECONDO METODOLOGIA M.A.S.W.
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Rif. 646/17

Cantiere:
Lavoro
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Responsabile

Ferrara (FE), Via Bologna n. 534
: Studio di microzonazione sismica

27/10/2017
: Dott. Geol. Pier Luigi Dallari
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BEST MODEL
Vs = 185 m/s30
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MODELLO Vs DERIVATO DALL’INDAGINE MASW ESEGUITA30

BEST MODEL
Vs = 196 m/s30



TROMINO
® Grilla

www.tromino.eu

1, 01                        

Instrument:      EXT- 24 bit USB  
Data format: 16 byte 
Full scale [mV]: n.a. 
Start recording: 27/10/17 10:55:04 End recording:   27/10/17 11:15:04 
Channel labels:    NORTH SOUTH;   EAST WEST  ;   UP DOWN     
GPS data not available 

Trace length:      0h20'00''.  Analysis performed on the entire trace. 
Sampling rate:    200 Hz 
Window size:  20 s 
Smoothing type: Triangular window 
Smoothing:  10% 

HORIZONTAL TO VERTICAL SPECTRAL RATIO 

H/V TIME HISTORY DIRECTIONAL H/V 



TROMINO
® Grilla

www.tromino.eu

SINGLE COMPONENT SPECTRA 



TROMINO
® Grilla

www.tromino.eu

[According to the SESAME, 2005 guidelines. Please read carefully the Grilla manual before interpreting 

the following tables.] 

Max. H/V at 0.83 ± 0.26 Hz (in the range 0.0 - 64.0 Hz). 

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

f0 > 10 / Lw 0.83 > 0.50 OK

nc(f0) > 200 996.1 > 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  26 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 NO 

Exists f
 +

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

) < A0 / 2 1.367 Hz OK

A0 > 2 3.58 > 2 OK

fpeak[AH/V(f) ± A(f)] = f0 ± 5% |0.3121| < 0.05 NO 

f < (f0) 0.25907 < 0.12451 NO 

A(f0) < (f0) 0.5444 < 2.0 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 



TROMINO
® Grilla

www.tromino.eu

1, 02                        

Instrument:      EXT- GEMINI 3D L 
Data format: 16 byte 
Full scale [mV]: n.a. 
Start recording: 27/10/17 11:22:51 End recording:   27/10/17 11:42:51 
Channel labels:    NORTH SOUTH;   EAST WEST  ;   UP DOWN     
GPS data not available 

Trace length:      0h20'00''.  Analysis performed on the entire trace. 
Sampling rate:    200 Hz 
Window size:  20 s 
Smoothing type: Triangular window 
Smoothing:  10% 

HORIZONTAL TO VERTICAL SPECTRAL RATIO 

H/V TIME HISTORY DIRECTIONAL H/V 



TROMINO
® Grilla

www.tromino.eu

SINGLE COMPONENT SPECTRA 



TROMINO
® Grilla

www.tromino.eu

EXPERIMENTAL vs. SYNTHETIC H/V 

Depth at the bottom of 
the layer [m] 

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

0.50 0.50 90 0.42 
2.50 2.00 110 0.42 
7.50 5.00 162 0.42 

21.50 14.00 193 0.42 
44.50 23.00 244 0.42 
76.50 32.00 350 0.42 
116.50 40.00 400 0.42 

inf. inf. 500 0.42 

Vs(0.0-30.0)=185m/s 



TROMINO
® Grilla

www.tromino.eu



TROMINO
® Grilla

www.tromino.eu

[According to the SESAME, 2005 guidelines. Please read carefully the Grilla manual before interpreting 

the following tables.] 

Max. H/V at 0.88 ± 0.1 Hz (in the range 0.0 - 64.0 Hz). 

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

f0 > 10 / Lw 0.88 > 0.50 OK

nc(f0) > 200 1054.7 > 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  28 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 0.439 Hz OK

Exists f
 +

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

) < A0 / 2 1.514 Hz OK

A0 > 2 3.34 > 2 OK

fpeak[AH/V(f) ± A(f)] = f0 ± 5% |0.11763| < 0.05 NO 

f < (f0) 0.10339 < 0.13184 OK

A(f0) < (f0) 0.446 < 2.0 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 



TROMINO
® Grilla

www.tromino.eu

01, 03                        

Instrument:      EXT- GEMINI 3D L 
Data format: 16 byte 
Full scale [mV]: n.a. 
Start recording: 27/10/17 12:27:02 End recording:   27/10/17 12:47:02 
Channel labels:    NORTH SOUTH;   EAST WEST  ;   UP DOWN     
GPS data not available 

Trace length:      0h20'00''.  Analysis performed on the entire trace. 
Sampling rate:    200 Hz 
Window size:  20 s 
Smoothing type: Triangular window 
Smoothing:  10% 

HORIZONTAL TO VERTICAL SPECTRAL RATIO 

H/V TIME HISTORY DIRECTIONAL H/V 



TROMINO
® Grilla

www.tromino.eu

SINGLE COMPONENT SPECTRA 



TROMINO
® Grilla

www.tromino.eu

[According to the SESAME, 2005 guidelines. Please read carefully the Grilla manual before interpreting 

the following tables.] 

Max. H/V at 63.96 ± 16.85 Hz (in the range 0.0 - 64.0 Hz). 

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

f0 > 10 / Lw 63.96 > 0.50 OK

nc(f0) > 200 76757.8 > 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  1394 
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 46.924 Hz OK

Exists f
 +

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

) < A0 / 2 73.486 Hz OK

A0 > 2 3.69 > 2 OK

fpeak[AH/V(f) ± A(f)] = f0 ± 5% |0.26343| < 0.05 NO 

f < (f0) 16.8501 < 3.19824 NO 

A(f0) < (f0) 0.387 < 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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ALLEGATO N° 3 

Verifica alla liquefazione 
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Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground

geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,

brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground

geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,

brittleness/sensitivity, strain to peak undrained strength and ground geometry
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