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PROSPEZIONE SISMICA CON METODOLOGIA ESAC

“Scuola Matteucci”, Comune di Granarolo Emilia (BO) - 037030P93767ESAC_SPAC302

n° tracce

At (ms)

T (s)

25
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At: passo di campionamento; T: durata registrazione.
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Sismogramma registrato durante le acquisizioni di
microtremore sismico. In ascissa il numero dei
geofoni, in ordinata il tempo (ms).

Spettro di potenza nel dominio /~ve Picking della
curva sperimentali delle onde R (croci nere).
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Geometria dello stendimento sismico bidimensionale.

Modello di sottosuolo (1D) descritti in termini di Vs e
spessore dei sismostrati (spezzata blu) e curva di
dispersione sperimentale delle onde R (curva rossa).




Tabella di sintesi

o Profondita Spessore

letto (m dal Vs (m/s)

strato (m)
p.c.)

1 2.0 2.0 166.6
2 4.2 2.2 184.1
3 6.8 2.6 205.0
4 10.0 3.2 213.8
5 14.0 4.0 233.3
6 19.0 5.0 245.5
7 25.2 6.2 260.4
8 32.6 7.4 286.8
9 41.6 9.0 311.1
10 52.4 10.8 330.9
11 65.2 12.8 353.4
12 80.2 15.0 383.1
13 97.6 17.4 400.0
14 117.6 20.0 419.6
15 140.4 22.8 4445
16 1) 00 461.5

Vs30 = 231.4 = 10% [m/s]

Sintesi dei parametri del modello di sottosuolo ottenuto e Valore di Vs30 calcolato.
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Project: Scuola media Matteucci
Location: via Roma - Granarolo dell'Emilia (BO)

037030P93762CPTU297

CPT: CPTU1
Total depth: 20.36 m, Date: 14/01/2019

Cone resistance Sleeve friction
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037030P93765HVSR300 TROMINO" Grilla

www.tromino.it

GRANAROLO DELL'EMILIA - SCUOLA MEDIA MATTEUCCI - HVSR1

Instrument: TRZ-0108/01-10

Start recording: 14/01/19 10:14:13 End recording: 14/01/19 10:34:13
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

Trace length: ~ 0h20'00". Analyzed 65% 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 0.72 + 0.05 Hz_ {In the range 0.1 - 20.0 Hz).

7 m— fyerage HV

AtH

frequency [Hz]

H/V TIME HISTORY DIRECTIONAL H/V

SINGLE COMPONENT SPECTRA

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

ZH ¢ (spwul)

frequency [Hzl



TROMINO" Grilla
www.tromino.it

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

the following tables.]

Max. H/V at 0.72 * 0.05 Hz (in the range 0.1 - 20.0 Hz).

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

fo>10/L,

0.72>0.50

n.(fo) > 200

560.6 > 200

oa(f) < 2 for 0.5f, < f < 2f, if f, > 0.5Hz
oa(f) < 3 for 0.5f, < f < 2f, if f; <0.5Hz

Exceeded 0 out of 36 times

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

Exists f™in [fo/4, fo] | Aunv(f) < Ao/ 2 NO
Exists f* in [y, 4fo] | Aunv(f) <Ag/ 2 1.438 Hz
Ay>2 1.90>2 NO
foear[Ann(f) £ oa(f)] = fo £ 5% |0.03085| < 0.05
or < &(fo) 0.02218 < 0.10781
oalfo) < 0(Fy) 0.3983 < 2.0
Ly window length
Ny number of windows used in the analysis
ne = Lynyfo 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 < 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 f, for which Ay (f7) < Ao/2
fr frequency between f, and 4f, for which Ay (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
Gloghv(f) standard deviation of log Ayn/(f) curve
0(fo) threshold value for the stability condition ca(f) < 6(fo)
Threshold values for orand ca(fo)
Freq. range [Hz] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
g(fo) [Hz] 0.251, 0.2f, 0.151, 0.10f, 0.05 fy
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for oioqun(fo) 0.48 0.40 0.30 0.25 0.20




PROSPEZIONE SISMICA CON METODOLOGIA ESAC

Loc. Viadagola, Comune di Granarolo Emilia (BO) - 037030P93792ESAC_SPAC327

n° tracce

At (ms)

T (s)

21

2,0

32,0

At: passo di campionamento; T: durata registrazione.
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Sismogramma registrato durante le acquisizioni di
microtremore sismico. In ascissa il numero dei
geofoni, in ordinata il tempo (ms).

Spettro di potenza nel dominio f~ve Picking della
curva sperimentali delle onde R (croci nere).
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Geometria dello stendimento sismico bidimensionale.

ESAC4 MS_Granarolo

Welocity (mis)

0.0 100.0 200.0 =00.0 400.0 s00.0 600.0
00 e T T
dﬁ (20, 173.7)
=L s
_\q L 24|1 -
\N (5.4, 258.4)
20.0 |
\% | (5.5, 271.3)
— f 20, z95.0)
0.0 ﬁ\ —|| (8.6, 316.8)
\ [grs oo
60.0 I
\ | (13.4, 374.7)
z %
E 0o (15,6, 395.9)
]

\ (18.0, 216.1)
100.0 \ |
120.0 \

(206, 431 .4},

140.0
(23.4, 480 5

(281.1)
1

160.0

Modello di sottosuolo (1D) descritti in termini di Vs e
spessore dei sismostrati (spezzata blu) e curva di
dispersione sperimentale delle onde R (curva rossa).




Tabella di sintesi

Profondita

n. Spessore
Strato letto (m) Vs (m/s)

(m dal p.c.)
1 2.6 2.6 136.6
2 5.6 3.0 173.7
3 9.2 3.6 206.0
4 13.6 4.4 241.4
5 19.0 5.4 258.4
6 25.6 6.6 271.3
7 33.6 8.0 295.0
8 43.2 9.6 316.8
9 54.6 11.4 338.9
10 68.0 13.4 374.7
11 83.6 15.6 396.9
12 101.6 18.0 416.1
13 122.2 20.6 431.4
14 145.6 23.4 460.5
15 00 00 481.1

Vs30 = 227.0 = 10% [m/s]

Sintesi dei parametri del modello di sottosuolo ottenuto e Valore di Vs30 calcolato.
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Project: Microzonazione Sismica Livello 3 CPT: 037030P93772CPTU307
Location: Granarolo dell'Emilia (BO) Total depth: 20.64 m, Date: 19/10/2021
Cone resistance Sleeve friction Pore pressure u SBTn Index Norm. Soil Behaviour Type
0 0 == 0 0~
M Sand & silty sand
1 — 1 " 1 1]
»\.\ A- Silty sand & sandy sjlt
2 5 5 M 5 Clay &silty cla
- Clay &silty cla
3 3 3 3- Sand & silty sand
A|.ll..\.‘l n.“l“. Silty sand & sandy sjlt
4 4 > 4 4 Clay
P A JV Qﬁ< & silty cla
5 5 M 5 5] Clay &sily cla
- Silty sand & sandy sjlt
6 w 6 & 6 ﬁwa 6] Clay & sty clay
7 7 7 7 - Clay
8 8 8- 8 Clay &silty clay
N Clay & silty cla
9 9 9 9 Clay &silty clay
— W —_ MV —_ — ~ Clay &silty cla
E 1w E S-\mw £ w — £ E 10- Clay & silty dlay
Clay & silty cla
= = = 1 = =
T 11 S 11 S 11 — S T 11-
a fa) M fa) J a a o_T
12 . 12 m 12 S 12—
Clay &silty cla
13 .,wv 13 — 13 J 13- Clay &silty clay
14 14 M 14 14—
15 15 ﬂWv 15 F 15- Clay
t- #
16 16 16 - 16 -
“m _, q-hr Clay &silty cla
17 17 17 __ 17 - Clay
T. ATmll — Clay & silty cla
18 18 18 1 18-
) mnlv F o_w
¢ - ;
19 > 19 IV 19 | 194 Clay & silty cla
—W Clay
P nal ,_ < _ T
20 20 a’J 20 I.HT.T —= 20 o_T &silty cla
21 T — T 21 T T T T T 21 — T T 21 -+
0 5 10 15 20 0 50 100 150 200 250 0 200 400 600 800 0 2 4 6 81012141618
Tip resistance (MPa) Friction (kPa) Pressure (kPa) SBTn (Robertson, 1990)




| Studio Samuel Sangiorgi
GEQLOGIC Ras © . viaValsellustra 32, 40060 - Dozza (BO)

COPLERAIEEEERE L f info@studiosamuelsangiorgi.eu

[Georechnical Soliwa:e (RGN,

Project: Microzonazione Sismica Livello 3
Location: Granarolo dell'Emilia (BO)

CPT: 037030P93773CPTU308
Total depth: 20.36 m, Date: 19/10/2021

Cone resistance Sleeve friction
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SBTn (Robertson, 1990)
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Project: Microzonazione Sismica Livello 3 CPT: 037030P93774CPTU309
Location: Granarolo dell'Emilia (BO) Total depth: 19.99 m, Date: 19/10/2021
Cone resistance Sleeve friction Pore pressure u SBTn Index Norm. Soil Behaviour Type
0 0 0 0~
~\ ' Silty sand & sandy i
e - Very dense/stiff soil
1 1 = 1N v 1 Clay & sily cla
5 5 < 5 = 5 o_ﬁ;m._a cla
Silty sand
3 3 34 3 -] Silty sand ¢
o — Sand & silt
4 - 4 — 4 )] 4 - Silty sand
s Clay &silty
5 5 5 5- Clay
] \M Clay
6! 6 6 L 6 - ity sand & sandy it
. W ,m-lm Clay & silty cla
7 J. 7 7 7 -
3 3 b
8 o 84 & 8 8-
> V W Sand & silty sand
9 ' 9 9 am 9
E 1 E 1w E 1w E E 1o
R pon g > g g g
T 11 S 11 S 114 > T 11-
a N fa) M fa) a a
12 12 w 12 12—
13 |W 13 13 13-
N Clay & silty cla
14 14 14 = 14- Clay
w- nM Silty sand & sandy st
15 15 15 T 15
/ N __ Clay
16 W 16 \l“l\V 16 16 - siltyclay |
17 17 17 17 - itive fine grainef
18+ 18 18 = 18- ma_a\mm\‘
L " silty cla
194 < 19 19 19 silty clay
= g m__.n sand
20 F 20 . 20 50 silty sand
21 T T T T 21 T T T T T 21 T T T T 21 -+
0 5 10 15 20 0 50 100 150 200 250 0 200 400 600 800 0 2 4 6 81012141618
Tip resistance (MPa) Friction (kPa) Pressure (kPa) SBTn (Robertson, 1990)
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Project: Microzonazione Sismica Livello 3
Location: Granarolo dell'Emilia (BO)

CPT: 037030P93775CPTU310
Total depth: 19.67 m, Date: 27/10/2021

Cone resistance Sleeve friction
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O_T
9 Clay
10— — C cla
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SBTn (Robertson, 1990)
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Project: Microzonazione Sismica Livello 3 CPT: 037030P93776CPTU311
Location: Granarolo dell'Emilia (BO) Total depth: 18.06 m, Date: 27/10/2021
Cone resistance Sleeve friction Pore pressure u SBTn Index Norm. Soil Behaviour Type
0 0 0 0
1 1 1 1 < soll
w silty cla
2 2 b 2 b4 2-
3 3 3 3 silty cla
- 1T = 7] siltyclay |
i .ﬂv' { silty cla
4 M 4 A...f. 4 7_ 4 silty ola
5 m\ 5 N\\N 5 F 5-
6 6 3 6 6 -
N A ~ N silty cla
7 N 7 7 s 7 silty clay |
< |
8 8 1 8 8 - silty clay |
A 7_ 3 silty cla
9 9 P 9 f 9
E o E E | E E 1o A
e o o e e
w,r 11 m. 11 Mﬂl m. 11 J w,r w,r 114 ity clay |
=
12 ﬂ 12 Mv 12 ﬂnﬂ%ﬂ 12— sity cla
13 13 JJ!N 13 13-
7 > |
14 F 14 - 14 F 14 - Clay
15 15 ——— 15 ] 15
Wl W Clay &silty cl
16 16 < 16 = 16- ik i
/ l{l Clay
17 Ml 17 % 17 J 17 Clay & silty cla
Clay &silty cla
184*% 18 18 |Nv 18-
19 19 19 19
20 20 20 20
21 T T T T 21 T T T T T 21 T T T T 21 -+
0 5 10 15 20 0 50 100 150 200 250 0 200 400 600 800 0 2 4 6 81012141618
Tip resistance (MPa) Friction (kPa) Pressure (kPa) SBTn (Robertson, 1990)
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Project: Microzonazione Sismica Livello 3 CPT: 037030P93777CPTU312
Location: Granarolo dell'Emilia (BO) Total depth: 19.70 m, Date: 27/10/2021
Cone resistance Sleeve friction Pore pressure u SBTn Index Norm. Soil Behaviour Type
0 =< 0 0 0 ————
T — 4 ~ —  Very densestiff sail
1 L‘ 1 1 1 ———— Q.:mmEE
—
A\- Very denselstiff soil
2 2 2 24 3 ]
— — ay & silty clay
3 \ 3 S 3 - B
T ﬁw A Mum —— silty cla
4 4 44 R 4 |
silty cla
W _ silty cla
5 5 M 5 ﬂ 5 silty clay |
<
67 6 w‘“ 6 61— —— silty cla
\“ — = silty cla
7 7 7 7 -
—= silty cla
g - 8 - 8 8- W silty cla
— | silty cla
9 9 9 9 |mw silty cla
hm\ 10 /m\ 10 /m\ 10 hm\ hm\ 10 - silty clay |
= = = 7_ : = =
w,r 11 4 m. 11 wv m. 11 f - w,r w,r 11-
12, 12 12 : 12— -
w n = silty cla
13 13 13 13- ]
¢ — silty cla
> N— — and & sandy lt
14 14 14 ~ 14
p
15 15 |m. 15 15-
. J
16 W 164 = 16 F 16
— cl
17 m 174 S 17 __ — 17 ud
184 4 18 18 F = 18-
19 — 19 19 19-
F ¢ __ Clay &silty cla
20 20 20 20
21 4+—r—7— T T 21 T 21 21 -+
0 5 10 15 20 0 50 100 150 200 250 0 200 400 600 800 0 2 4 6 81012141618

Tip resistance (MPa) Friction (kPa) Pressure (kPa) SBTn (Robertson, 1990)
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Project: Microzonazione Sismica Livello 3 CPT: 037030P93778CPTU313
Location: Granarolo dell'Emilia (BO) Total depth: 20.16 m, Date: 27/10/2021
Cone resistance Sleeve friction Pore pressure u SBTn Index Norm. Soil Behaviour Type
0 0 0 0 ——
— Pr. E———— Very dense/stiff soil
1 1 1 1 Very dense/stiff soil
> — 7] Very dense/stiff soil |
\l\.l\ [
2 2 2 ﬂ 2 - | | | Clay
u M Clay
3 3 3 3 Clay &silty clay
, & =
4 4 4 - 4 o ilty cla
3
5 “ 5 s 5 _. 5 Clay
6 J 6 nw 6 _. 6 - Cl silty clay
Clay
7 7 7 7 -
w > ,_ r.JJ oﬁ silty cla
8 8 1 8 8 - Clay &silty clay
] X |~
9 M 9 m 9 ._ 9
E 1o E 1 E 1 E E 1o-
< w - \u\f.V - ; |u < <
L e e L L
S 11 S 114 & S 11 — a S 114
a r fa) [a) .F .N, [a) a
12 12 e 12 12—
m — __ Clay & silty cla
| Clay
13 h\.\iuv 13 - 13 ﬂ 13 Clay & silty cla
14 14 14 » 14
. o __ m_ wwm._a cla
15 . 15 Iw 154 —te 15+ !
Ju. Sand & silty sand
e r Si
Hmlﬁl‘l‘l 16 16 16— ilty sand wmmu& sjit
P Sand & silty sand
17d 57— 174 17 174 Clay & silty cla
MW __| - Clay & silty cla
18 18 S 18 18-
M. ,_ o_w\
19 19 p 19 19+
[ y & silty cla
| o_w &silty cl
20 204 < 20 | 20- Clay
21 T T T T 21 T T T T T 21 T T — 21 -+
0 5 10 15 20 0 50 100 150 200 250 0 200 400 600 800 0 2 4 6 81012141618
Tip resistance (MPa) Friction (kPa) Pressure (kPa) SBTn (Robertson, 1990)
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Project: Microzonazione Sismica Livello 3
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TROMINO® Grilla

www.tromino.it
GRANAROLO EMILIA_MS, TR2 037030P93781HVSR316

Instrument: TRZ-0108/01-10

Start recording: 19/10/01 10:04:09 End recording: 19/10/01 10:24:10
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

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. H/V at 0.75 + 0.02 Hz. {In the range 0.1-20.0 Hz).
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TROMINO® Grilla

www.tromino.it

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

the following tables.]

Max. H/V at 0.75 £ 0.02 Hz (in the range 0.1 - 20.0 Hz).

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

fo>10/Ly 0.75 > 0.50

n¢(fo) > 200 735.0 > 200

aa(f) < 2 for 0.5f; <
oa(f) < 3 for 0.51, <

f < 2fy if fy > 0.5Hz Exceeded 0 out of 37 times
f < 2fy if fy <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 0.313 Hz
Exists f*in [fy, 4f] | Aunv(f*) < Ag/ 2 1.219 Hz
Ag>2 230>2
foeak[Ann(f) £ 0a(f)] = fo 5% |0.01235| < 0.05
a; < &(fo) 0.00926 < 0.1125
aa(to) < 8(fo) 0.3967 < 2.0
Ly window length
Ny 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)
Ay H/V peak amplitude at frequency fg
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Apgy(f ) < Ag/2
fr frequency between f, and 4f, for which Apy(f *) < Ae/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
Ologrv(f) standard deviation of log Ay (f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fo)
Threshold values for a;and ga(fo)
Freq. range [Hz] <0.2 0.2-0.5 05-1.0 1.0-2.0 >2.0
£(fo) [HZ] 0.25f, 0.2 1 0.151, 0.10f, 0.05 f,
B(fo) for aa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Ojegnn(fo) 0.48 0.40 0.30 0.25 0.20




TROMINO® Grilla

www.tromino.it
GRANAROLO EMILIA_MS, TR3 037030P93782HVSR317

Instrument: TRZ-0108/01-10

Start recording: 19/10/01 12:16:33 End recording: 19/10/01 12:36:34
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

Trace length: ~ 0h20'00". Analyzed 85% 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 0.94 + 0.02 Hz. (In the range 0.1-20.0 Hz).
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TROMINO® Grilla

www.tromino.it

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

the following tables.]

Max. H/V at 0.94 £ 0.02 Hz (in the range 0.1 - 20.0 Hz).

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

fo>10/Ly 0.94 > 0.50

n¢(fo) > 200 956.3 > 200

aa(f) < 2 for 0.5f; <
oa(f) < 3 for 0.51, <

f < 2fy if fy > 0.5Hz Exceeded 0 out of 46 times
f < 2fy if fy <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 0.375 Hz
Exists f*in [fy, 4f] | Aunv(f*) < Ag/ 2 1.719 Hz
Ap>2 1.95>2 NO
foeak[Ann(f) £ 0a(f)] = fo 5% |0.01111] < 0.05
a; < &(fo) 0.01042 < 0.14063
oa(fo) < 6(fo) 0.3805 < 2.0
Ly window length
Ny 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)
Ay H/V peak amplitude at frequency fg
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Apgy(f ) < Ag/2
fr frequency between f, and 4f, for which Apy(f *) < Ae/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
Ologrv(f) standard deviation of log Ay (f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fo)
Threshold values for a;and ga(fo)
Freq. range [Hz] <0.2 0.2-0.5 05-1.0 1.0-2.0 >2.0
£(fo) [HZ] 0.25f, 0.2 1 0.151, 0.10f, 0.05 f,
B(fo) for aa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Ojegnn(fo) 0.48 0.40 0.30 0.25 0.20




TROMINO® Grilla

www.tromino.it

GRANAROLO EMILIA_MS, TR4 037030P93783HVSR318

Instrument: TRZ-0108/01-10

Start recording: 19/10/01 14:05:52 End recording: 19/10/01 14:25:53
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

Trace length: ~ 0h20'00". Analyzed 85% 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 0.88 + 0.03 Hz (in the range 0.1 - 20.0 Hz).
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TROMINO® Grilla

www.tromino.it

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

the following tables.]

Max. H/V at 0.88 + 0.03 Hz (in the range 0.1 - 20.0 Hz).

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

fo>10/Ly 0.88 > 0.50

n¢(fo) > 200 892.5 > 200

aa(f) < 2 for 0.5f; <
oa(f) < 3 for 0.51, <

f < 2fy if fy > 0.5Hz Exceeded 0 out of 43 times
f < 2fy if fy <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 0.469 Hz
Exists f*in [fy, 4f] | Aunv(f*) < Ag/ 2 1.406 Hz
Ap>2 225>2
foeak[Ann(f) £ 0a(f)] = fo 5% |0.01875| < 0.05
a; < &(fo) 0.01641 < 0.13125
0oa(fo) < 8(fo) 0.3894 < 2.0
Ly window length
Ny 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)
Ay H/V peak amplitude at frequency fg
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Apgy(f ) < Ag/2
fr frequency between f, and 4f, for which Apy(f *) < Ae/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
Ologrv(f) standard deviation of log Ay (f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fo)
Threshold values for a;and ga(fo)
Freq. range [Hz] <0.2 0.2-0.5 05-1.0 1.0-2.0 >2.0
£(fo) [HZ] 0.25f, 0.2 1 0.151, 0.10f, 0.05 f,
B(fo) for aa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Ojegnn(fo) 0.48 0.40 0.30 0.25 0.20




TROMINO® Grilla

www.tromino.it
GRANAROLO EMILIA_MS, TR5 VIA DELLO SPORT 037030P93784HVSR319

Instrument: TRZ-0108/01-10

Start recording: 27/10/01 08:08:25 End recording: 27/10/01 08:28:26
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

Trace length: ~ 0h20'00". Analyzed 67% 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 0.91 + 0.12 Hz. (In the range 0.1- 20.0 Hz).
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TROMINO® Grilla

www.tromino.it

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

the following tables.]

Max. H/V at 0.91 £ 0.12 Hz (in the range 0.1 - 20.0 Hz).

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

fo>10/Ly 0.91 > 0.50

n(fo) > 200 725.0 > 200

aa(f) < 2 for 0.5f; <
oa(f) < 3 for 0.51, <

f < 2fy if fy > 0.5Hz Exceeded 0 out of 44 times
f < 2fy if fy <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, 4f] | Aunv(f*) < Ag/ 2 1.563 Hz
Ap>2 1.84 > 2 NO
foeak[Ann(f) £ 0a(f)] = fo 5% |0.06335| < 0.05 NO
a; < &(fo) 0.05742 < 0.13594
0oa(fo) < 8(fo) 0.381 < 2.0
Ly window length
Ny 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)
Ay H/V peak amplitude at frequency fg
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Apgy(f ) < Ag/2
fr frequency between f, and 4f, for which Apy(f *) < Ae/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
Ologrv(f) standard deviation of log Ay (f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fo)
Threshold values for a;and ga(fo)
Freq. range [Hz] <0.2 0.2-0.5 05-1.0 1.0-2.0 >2.0
£(fo) [HZ] 0.25f, 0.2 1 0.151, 0.10f, 0.05 f,
B(fo) for aa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Ojegnn(fo) 0.48 0.40 0.30 0.25 0.20




TROMINO® Grilla

www.tromino.it
GRANAROLO EMILIA_MS, TR6 VIA DEL LATTE 037030P93785HVSR320

Instrument: TRZ-0108/01-10

Start recording: 27/10/01 09:38:05 End recording: 27/10/01 09:58:06
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

Trace length: ~ 0h20'00". Analyzed 68% 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 0.75 + 0.03 Hz. {In the range 0.1-20.0 Hz).
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TROMINO® Grilla

www.tromino.it

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

the following tables.]

Max. H/V at 0.75 £ 0.03 Hz (in the range 0.1 - 20.0 Hz).

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

fo>10/Ly 0.75 > 0.50

n¢(fo) > 200 615.0 > 200

aa(f) < 2 for 0.5f; <
oa(f) < 3 for 0.51, <

f < 2fy if fy > 0.5Hz Exceeded 0 out of 37 times
f < 2fy if fy <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, 4f] | Aunv(f*) < Ag/ 2 1.469 Hz
Ap>2 2.09>2
foeak[Ann(f) £ 0a(f)] = fo 5% |0.02224| < 0.05
a; < &(fo) 0.01668 < 0.1125
0oa(fo) < 8(fo) 0.3919<2.0
Ly window length
Ny 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)
Ay H/V peak amplitude at frequency fg
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Apgy(f ) < Ag/2
fr frequency between f, and 4f, for which Apy(f *) < Ae/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
Ologrv(f) standard deviation of log Ay (f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fo)
Threshold values for a;and ga(fo)
Freq. range [Hz] <0.2 0.2-0.5 05-1.0 1.0-2.0 >2.0
£(fo) [HZ] 0.25f, 0.2 1 0.151, 0.10f, 0.05 f,
B(fo) for aa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Ojegnn(fo) 0.48 0.40 0.30 0.25 0.20




TROMINO® Grilla

www.tromino.it
GRANAROLO EMILIA_MS, TR7 FRULLO 037030P93786HVSR321

Instrument: TRZ-0108/01-10

Start recording: 27/10/01 11:48:28 End recording: 27/10/01 12:08:28
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

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 0.84 + 0.02 Hz. (In the range 0.1-20.0 Hz).
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TROMINO® Grilla

www.tromino.it

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

the following tables.]

Max. H/V at 0.84 £ 0.02 Hz (in the range 0.1 - 20.0 Hz).

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

fo>10/Ly 0.84 > 0.50

n¢(fo) > 200 911.3 > 200

aa(f) < 2 for 0.5f; <
oa(f) < 3 for 0.51, <

f < 2fy if fy > 0.5Hz Exceeded 0 out of 42 times
f < 2fy if fy <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, 4f] | Aunv(f*) < Ag/ 2 2.625 Hz
Ap>2 1.87 >2 NO
foeak[Ann(f) £ 0a(f)] = fo 5% |0.01095| < 0.05
a; < &(fo) 0.00924 < 0.12656
aa(to) < 8(fo) 0.3574 < 2.0
Ly window length
Ny 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)
Ay H/V peak amplitude at frequency fg
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Apgy(f ) < Ag/2
fr frequency between f, and 4f, for which Apy(f *) < Ae/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
Ologrv(f) standard deviation of log Ay (f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fo)
Threshold values for a;and ga(fo)
Freq. range [Hz] <0.2 0.2-0.5 05-1.0 1.0-2.0 >2.0
£(fo) [HZ] 0.25f, 0.2 1 0.151, 0.10f, 0.05 f,
B(fo) for aa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Ojegnn(fo) 0.48 0.40 0.30 0.25 0.20




TROMINO® Grilla

www.tromino.it

GRANAROLO EMILIA_MS, TR8 LOVOLETO 037030P93787HVSR322

Instrument: TRZ-0108/01-10

Start recording: 27/10/01 13:41:11 End recording: 27/10/01 14:01:12
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

Trace length: ~ 0h20'00". Analyzed 80% 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 0.78 + 0.7 Hz. (In the range 0.1 - 20.0 Hz).
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TROMINO® Grilla

www.tromino.it

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

the following tables.]

Max. H/V at 0.78 £ 0.7 Hz (in the range 0.1 - 20.0 Hz).

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

fo>10/Ly 0.78 > 0.50

n¢(fo) > 200 750.0 > 200

aa(f) < 2 for 0.5f; <
oa(f) < 3 for 0.51, <

f < 2fy if fy > 0.5Hz Exceeded 0 out of 38 times
f < 2fy if fy <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, 4f] | Aunv(f*) < Ag/ 2 1.313 Hz
Ap>2 1.85>2 NO
foeak[Ann(f) £ 0a(f)] = fo 5% |0.4418| < 0.05 NO
a; < &(fo) 0.34515 < 0.11719 NO
aa(to) < 8(fo) 0.3623 < 2.0
Ly window length
Ny 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)
Ay H/V peak amplitude at frequency fg
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Apgy(f ) < Ag/2
fr frequency between f, and 4f, for which Apy(f *) < Ae/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
Ologrv(f) standard deviation of log Ay (f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fo)
Threshold values for a;and ga(fo)
Freq. range [Hz] <0.2 0.2-0.5 05-1.0 1.0-2.0 >2.0
£(fo) [HZ] 0.25f, 0.2 1 0.151, 0.10f, 0.05 f,
B(fo) for aa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Ojegnn(fo) 0.48 0.40 0.30 0.25 0.20




TROMINO® Grilla

www.tromino.it
GRANAROLO EMILIA_MS, TR9 LOVOLETO 037030P93788HVSR323

Instrument: TRZ-0108/01-10

Start recording: 19/10/01 08:24:31 End recording: 19/10/01 08:44:32
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

Trace length: ~ 0h20'00". Analyzed 72% 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 0.84 + 0.04 Hz. (In the range 0.1-20.0 Hz).
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TROMINO® Grilla
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[According to the SESAME, 2005 guidelines. Please read carefully the Grilla manual before interpreting

the following tables.]

Max. H/V at 0.84 % 0.04 Hz (in the range 0.1 - 20.0 Hz).

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

fo>10/Ly 0.84 > 0.50

n(fo) > 200 725.6 > 200

aa(f) < 2 for 0.5f; <
oa(f) < 3 for 0.51, <

f < 2fy if fy > 0.5Hz Exceeded 0 out of 42 times
f < 2fy if fy <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 0.375 Hz
Exists f*in [fy, 4f] | Aunv(f*) < Ag/ 2 1.188 Hz
Ag>2 276 >2
foeak[Ann(f) £ 0a(f)] = fo 5% |0.0251] < 0.05
a; < &(fo) 0.02118 < 0.12656
aa(to) < 8(fo) 0.5841 < 2.0
Ly window length
Ny 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)
Ay H/V peak amplitude at frequency fg
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Apgy(f ) < Ag/2
fr frequency between f, and 4f, for which Apy(f *) < Ae/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
Ologrv(f) standard deviation of log Ay (f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fo)
Threshold values for a;and ga(fo)
Freq. range [Hz] <0.2 0.2-0.5 05-1.0 1.0-2.0 >2.0
£(fo) [HZ] 0.25f, 0.2 1 0.151, 0.10f, 0.05 f,
B(fo) for aa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Ojegnn(fo) 0.48 0.40 0.30 0.25 0.20




TROMINO® Grilla

www.tromino.it
GRANAROLO EMILIA_MS, TR10 QUARTO INFERIORE 037030P93789HVSR324

Instrument: TRZ-0108/01-10

Start recording: 01/04/02 09:27:59 End recording: 01/04/02 10:28:00
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

Trace length: ~ 1h00'00". Analyzed 88% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 60 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 0.75 + 0.08 Hz. (In the range 0.1-20.0 Hz).
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[According to the SESAME, 2005 guidelines. Please read carefully the Grilla manual before interpreting

the following tables.]

Max. H/V at 0.75 £ 0.08 Hz (in the range 0.1 - 20.0 Hz).

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

fo>10/Ly 0.75>0.17

n¢(fo) > 200 2385.0 > 200

aa(f) < 2 for 0.5f; <
oa(f) < 3 for 0.51, <

f < 2fy if fy > 0.5Hz Exceeded 0 out of 73 times
f < 2fy if fy <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, 4f] | Aunv(f*) < Ag/ 2 1.594 Hz
Ap>2 2.02>2
foeak[Ann(f) £ 0a(f)] = fo 5% |0.05304| < 0.05 NO
a; < &(fo) 0.03978 < 0.1125
oa(fo) < 6(fo) 0.3167 < 2.0
Ly window length
Ny 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)
Ay H/V peak amplitude at frequency fg

Ann(f) H/V curve amplitude at frequency f

f- frequency between fo/4 and f, for which Apgy(f ) < Ag/2
fr frequency between f, and 4f, for which Apy(f *) < Ae/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
Ologrv(f) standard deviation of log Ay (f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fo)
Threshold values for a;and ga(fo)
Freq. range [Hz] <0.2 0.2-0.5 05-1.0 1.0-2.0 >2.0
£(fo) [HZ] 0.25f, 0.2 1 0.151, 0.10f, 0.05 f,
B(fo) for aa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Ojegnn(fo) 0.48 0.40 0.30 0.25 0.20




PROSPEZIONE SISMICA CON METODOLOGIA ESAC

Loc. Cadriano, Comune di Granarolo Emilia (BO) - 037030P93790ESAC_SPAC325

n° tracce | At (ms) | T (s)

25 2,0 32,0

At: passo di campionamento; T: durata registrazione.

Swot# ! Stater
1 Velocity

' oW wom s T i ms)
7 4 T 00 376 752 112.6150.4 183.0 225,56 263.2300.5 336.4 376.0 413.6 451 2485.5 526.4 554.0 601.6639.2 676.8 T14.4 752.0783 6
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Sismogramma registrato durante le acquisizioni di Spettro di potenza nel dominio /~ve Picking della
microtremore sismico. In ascissa il numero dei curva sperimentali delle onde R (croci nere).
geofoni, in ordinata il tempo (ms).

ESAC2 MS_Granarclo

c 4 3 welcity (mvs)
&3 Geofonon® 1 0.0 100.0 200.0 300.0 400.0 500.0 600.0
0.0 3 e
!
B (35, 162.6);
80 i %g“ 4.2, 181.2)
j (5.0, 199.0)
EE
cg | 4 (6.0, 246.4)
20.0 1
7.2,284.8)
4|: 4 C )
=] =21229

|_(1: 0, 313.1)|
40 : 40.0 :

\X I:‘n 3,335.3)
35 | 4
30 4 50.0 \ (13.@, 357.5)

(16.8, 274.7}

W (m)

5%}
Ln
Depth (m)

15 ] 4
(20.0, 425.2)
100.0
10 4 \
c| 4 Geofono
n*24
120.0 (23.4, 442 4)
0 I

0 5 10 1% 20 25 30 35 40 45 50
X(ITI} (45?|5)

140.0

Geometria dello stendimento sismico bidimensionale. | Modello di sottosuolo (1D) descritti in termini di Vs e
spessore dei sismostrati (spezzata blu) e curva di
dispersione sperimentale delle onde R (curva rossa).




Tabella di sintesi

Profondita
n. Spessore
Strato letto (m) Vs (m/s)
(m dal p.c.)
1 2.9 2.9 153.4
2 6.4 3.5 162.6
3 10.6 4.2 181.2
4 15.6 5.0 199.0
5 21.6 6.9 246.4
6 28.9 7.3 294.9
7 37.9 9.0 313.1
8 49.2 11.3 335.3
9 63.1 13.9 357.5
10 79.9 16.8 374.7
11 99.9 20.0 429.2
12 123.3 23.4 442.4
13 00 00 457.5

Vs3o = 212.2 = 10% [m/s]

Sintesi dei parametri del modello di sottosuolo ottenuto e Valore di Vs30 calcolato.



PROSPEZIONE SISMICA CON METODOLOGIA ESAC

Loc. Quarto Inferiore, Comune di Granarolo Emilia (BO) - 037030P93791ESAC_SPAC326

n° tracce

At (ms)

T (s)

25

2,0

32,0

At: passo di campionamento; T: durata registrazione.

Soté Trce

Ll

\ia

theergiib i

Velocity
U0 376 752 112.8150.4 185.0 2256 263.2300.8 3354 375.0 4136 451.2485.8 525.4 564.0 601 6639.2 676.8 T14.4 75207896

(Hz)

60

300 =

Q.
bl

Sismogramma registrato durante le acquisizioni di
microtremore sismico. In ascissa il numero dei

geofoni, in ordinata il tempo (ms).

Spettro di potenza nel dominio /~ve Picking della
curva sperimentali delle onde R (croci nere).

50 Geofono n® 24

¥ (m)
by

10
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n*1

1]

0 5 10 15 20 25 30 35 40 45 50 55 60 65

X (m)

Geometria dello stendimento sismico bidimensionale.

ESAC3 MS_Granarolo

Welocity (m/s)
0.0 100.0 200.0 300.0 400.0 500.0 600.0

0.0 30, 1505

|
mjn_mn 8
]

e Iﬁn 227.2)

\\ 7.2,287.1)
200 \s{
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0=2370

\\ (10.2, 336.9)

(12.6, 367 6)

60.0
\ (15.8, 403.0)
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100.0 \
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(466 6)
1

140.0

Modello di sottosuolo (1D) descritti in termini di Vs e
spessore dei sismostrati (spezzata blu) e curva di
dispersione sperimentale delle onde R (curva rossa).




Tabella di sintesi

Profondita

n. Spessore
letto Vs (m/s)
Strato (m)

(m dal p.c.)
1 3.0 3.0 150.5
2 8.0 5.0 180.8
3 14.0 6.0 227.2
4 21.2 7.2 287.1
5 29.6 8.4 318.9
6 39.8 10.2 336.9
7 52.4 12.6 367.6
8 68.2 15.8 403.0
9 88.0 19.8 432.3
10 112.0 24.0 452.5
11 00 00 466.6

Vs30 = 237.0 £ 10% [m/s]

Sintesi dei parametri del modello di sottosuolo ottenuto e Valore di Vs30 calcolato.



TROMINO® Grilla

www.tromino.it
GRANAROLO EMILIA_MS, TR14 CADRIANO 037030P93809HVSR344

Instrument: TRZ-0108/01-10

Start recording: 01/10/02 11:19:37 End recording: 01/10/02 11:39:38
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

Trace length: ~ 0h20'00". Analyzed 80% 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 0.84 + 0.03 Hz (in the range 0.1 - 20.0 Hz).
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TROMINO® Grilla
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EXPERIMENTAL vs. SYNTHETIC H/V

Max. H/V at 0.84 + 0.03 Hz {in the range 0.1 - 20.0 Hz).

— Ayerage HYV
Synthetic HY

MIH

::—-_-"_Aﬁr_;,_——_—/“““—\__T" HHHHH —
1 frequency [Hz] 10
Depth at the bottom of Thickness [m] Vs [m/s]
the layer [m]

1.00 1.00 130
2.00 1.00 150
3.50 1.50 185
5.00 1.50 180
6.50 1.50 180
10.50 4.00 200
11.50 1.00 225
13.50 2.00 200
15.50 2.00 225
20.00 4.50 200
30.00 10.00 250
39.00 9.00 275
49.00 10.00 300
59.00 10.00 350
74.00 15.00 375
89.00 15.00 400
99.00 10.00 475
135.00 36.00 450
160.00 25.00 500
inf. inf. 600

Vs(0.0-30.0)=207m/s

100 200 200 400 500 EO0

ROk

[w] yidap pajewnsg

00k

150

Vs(0.0-30.0)=207m/'s ]

s [mfs]




TROMINO® Grilla

www.tromino.it

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

the following tables.]

Max. H/V at 0.84 £ 0.03 Hz (in the range 0.1 - 20.0 Hz).

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

fo>10/Ly 0.84 > 0.50

n¢(fo) > 200 810.0 > 200

aa(f) < 2 for 0.5f; <
oa(f) < 3 for 0.51, <

f < 2fy if fy > 0.5Hz Exceeded 0 out of 42 times
f < 2fy if fy <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, 4f] | Aunv(f*) < Ag/ 2 1.688 Hz
Ap>2 1.70> 2 NO
foeak[Ann(f) £ 0a(f)] = fo 5% |0.01748| < 0.05
a; < &(fo) 0.01475 < 0.12656
0oa(fo) < 8(fo) 0.3399<2.0
Ly window length
Ny 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)
Ay H/V peak amplitude at frequency fg
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Apgy(f ) < Ag/2
fr frequency between f, and 4f, for which Apy(f *) < Ae/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
Ologrv(f) standard deviation of log Ay (f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fo)
Threshold values for a;and ga(fo)
Freq. range [Hz] <0.2 0.2-0.5 05-1.0 1.0-2.0 >2.0
£(fo) [HZ] 0.25f, 0.2 1 0.151, 0.10f, 0.05 f,
B(fo) for aa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Ojegnn(fo) 0.48 0.40 0.30 0.25 0.20
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Project: Microzonazione Sismica Livello 3
Location: Granarolo dell'Emilia (BO)

CPT: P93797CPTU332

Total depth: 15.24 m, Date: 29/03/2022

Cone resistance Sleeve friction
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SBTn Index

Depth (m)

Norm. Soil Behaviour Type
0

Very dense/stiff soil
Very dense/stiff soil
{ =
Very dense/stiff soil
N -
Clay &silty cla
3 ] Clay
Clay & silty cla
4 Clay
5 silty clay
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8 - silty cla
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0 2 4 6 81012141618
SBTn (Robertson, 1990)
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Project: Microzonazione Sismica Livello 3 CPT: P93798CPTU333
Location: Granarolo dell'Emilia (BO) Total depth: 15.16 m, Date: 29/03/2022
Cone resistance Sleeve friction Pore pressure u SBTn Index Norm. Soil Behaviour Type
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Tip resistance (MPa) Friction (kPa) Pressure (kPa) SBTn (Robertson, 1990)
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Project: Microzonazione Sismica Livello 3
Location: Granarolo dell'Emilia (BO)

CPT: P93799CPTU334

Total depth: 15.28 m, Date: 29/03/2022

Cone resistance Sleeve friction
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Project: Microzonazione Sismica Livello 3
Location: Granarolo dell'Emilia (BO)

CPT: P93800CPTU335

Total depth: 15.26 m, Date: 29/03/2022

Cone resistance Sleeve friction
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Project: Microzonazione Sismica Livello 3
Location: Granarolo dell'Emilia (BO)

CPT: P93801CPTU336

Total depth: 15.26 m, Date: 29/03/2022
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Project: Microzonazione Sismica Livello 3 CPT: P93802CPTU337
Location: Granarolo dell'Emilia (BO) Total depth: 15.26 m, Date: 01/04/2022
Cone resistance Sleeve friction Pore pressure u SBTn Index Norm. Soil Behaviour Type
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Project: Microzonazione Sismica Livello 3 CPT: P93803CPTU338
Location: Granarolo dell'Emilia (BO) Total depth: 15.39 m, Date: 08/04/2022
Cone resistance Sleeve friction Pore pressure u SBTn Index Norm. Soil Behaviour Type
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Tip resistance (MPa) Friction (kPa) Pressure (kPa) SBTn (Robertson, 1990)




[Georechnical soliwa:<[NESES

Project: Microzonazione Sismica Livello 3
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Location: Granarolo dell'Emilia (BO)

I Tel. 0542-640279

CPT: P93804CPTU339

Total depth: 15.53 m, Date: 08/04/2022
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[Georechnical Soliwa:e (RGN,

Project: Microzonazione Sismica Livello 3
Location: Granarolo dell'Emilia (BO)

CPT: P93805CPTU340

Total depth: 15.74 m, Date: 28/04/2022
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TROMINO® Grilla

www.tromino.it

GRANAROLO EMILIA_MS, TR11 PROGEO 037030P93806HVSR341

Instrument: TRZ-0108/01-10

Start recording: 08/04/02 10:39:16 End recording: 08/04/02 11:39:17
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

Trace length: ~ 1h00'00". Analyzed 88% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 60 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 0.78 + 0.06 Hz. (In the range 0.1-20.0 Hz).
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TROMINO® Grilla

www.tromino.it
EXPERIMENTAL vs. SYNTHETIC H/V

Max. H/V at 0.78 + 0.06 Hz {in the range 0.1 - 20.0 Hz).

— Ayerage HYV
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TROMINO® Grilla

www.tromino.it

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

the following tables.]

Max. H/V at 0.78 £ 0.06 Hz (in the range 0.1 - 20.0 Hz).

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

fo>10/Ly 0.78 > 0.17

n.(fo) > 200 2484.4 > 200

aa(f) < 2 for 0.5f; <
oa(f) < 3 for 0.51, <

f < 2fy if fy > 0.5Hz Exceeded 0 out of 76 times
f < 2fy if fy <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, 4f] | Aunv(f*) < Ag/ 2 1.359 Hz
Ag>2 214>2
foeak[Ann(f) £ 0a(f)] = fo 5% |0.03849| < 0.05
a; < &(fo) 0.03007 < 0.11719
aa(to) < 8(fo) 0.3158 < 2.0
Ly window length
Ny 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)
Ay H/V peak amplitude at frequency fg
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Apgy(f ) < Ag/2
fr frequency between f, and 4f, for which Apy(f *) < Ae/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
Ologrv(f) standard deviation of log Ay (f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fo)
Threshold values for a;and ga(fo)
Freq. range [Hz] <0.2 0.2-0.5 05-1.0 1.0-2.0 >2.0
£(fo) [HZ] 0.25f, 0.2 1 0.151, 0.10f, 0.05 f,
B(fo) for aa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Ojegnn(fo) 0.48 0.40 0.30 0.25 0.20




TROMINO® Grilla

www.tromino.it
GRANAROLO EMILIA_MS, TR12 VIA SAN DONATO 037030P93807HVSR342

Instrument: TRZ-0108/01-10

Start recording: 28/04/02 09:28:47 End recording: 28/04/02 10:28:47
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

Trace length: ~ 1h00'00". Analyzed 95% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 60 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 0.72 + 0.01 Hz. {In the range 0.1-20.0 Hz).
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TROMINO® Grilla

www.tromino.it

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

the following tables.]

Max. H/V at 0.72 £ 0.01 Hz (in the range 0.1 - 20.0 Hz).

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

fo>10/Ly 0.72>0.17

n.(fo) > 200 24581 > 200

aa(f) < 2 for 0.5f; <
oa(f) < 3 for 0.51, <

f < 2fy if fy > 0.5Hz Exceeded 0 out of 70 times
f < 2fy if fy <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, 4f] | Aunv(f*) < Ag/ 2 1.391 Hz
Ag>2 1.93>2 NO
foeak[Ann(f) £ 0a(f)] = fo 5% |0.00753| < 0.05
a; < &(fo) 0.00541 < 0.10781
aa(to) < 8(fo) 0.2543 < 2.0
Ly window length
Ny 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)
Ay H/V peak amplitude at frequency fg
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Apgy(f ) < Ag/2
fr frequency between f, and 4f, for which Apy(f *) < Ae/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
Ologrv(f) standard deviation of log Ay (f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fo)
Threshold values for a;and ga(fo)
Freq. range [Hz] <0.2 0.2-0.5 05-1.0 1.0-2.0 >2.0
£(fo) [HZ] 0.25f, 0.2 1 0.151, 0.10f, 0.05 f,
B(fo) for aa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Ojegnn(fo) 0.48 0.40 0.30 0.25 0.20




TROMINO® Grilla

www.tromino.it
GRANAROLO EMILIA_MS, TR13 CIMITERO 037030P93808HVSR343

Instrument: TRZ-0108/01-10

Start recording: 01/10/02 10:45:18 End recording: 01/10/02 11:05:19
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

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 19.97 + 1.74 Hz (in the range 0.1 - 20.0 Hz).

7 m— Ayerage HNV
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TROMINO® Grilla
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[According to the SESAME, 2005 guidelines. Please read carefully the Grilla manual before interpreting

the following tables.]

Max. H/V at 19.97 + 1.74 Hz (in the range 0.1 - 20.0 Hz).

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

fo>10/Ly 19.97 > 0.50

n.(fo) > 200 17971.9 > 200

aa(f) < 2 for 0.5f; <
oa(f) < 3 for 0.51, <

f < 2fy if fy > 0.5Hz Exceeded 0 out of 960 times
f < 2fy if fy <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 12.25 Hz
Exists f*in [fy, 4f] | Aunv(f*) < Ag/ 2 NO
Ap>2 248 >2
foeak[Ann(f) £ 0a(f)] = fo 5% |0.04278| < 0.05
a; < &(fo) 0.85429 < 0.99844
oa(fo) < 6(fo) 0.2611 < 1.58
Ly window length
Ny 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)
Ay H/V peak amplitude at frequency fg

Ann(f) H/V curve amplitude at frequency f

f- frequency between fo/4 and f, for which Apgy(f ) < Ag/2
fr frequency between f, and 4f, for which Apy(f *) < Ae/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
Ologrv(f) standard deviation of log Ay (f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fo)
Threshold values for a;and ga(fo)
Freq. range [Hz] <0.2 0.2-0.5 05-1.0 1.0-2.0 >2.0
£(fo) [HZ] 0.25f, 0.2 1 0.151, 0.10f, 0.05 f,
B(fo) for aa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for Ojegnn(fo) 0.48 0.40 0.30 0.25 0.20




PROSPEZIONE SISMICA CON METODOLOGIA ATTIVA/PASSIVA MASW/Re.Mi.

Casette di Cadriano, Comune di Granarolo Emilia (BO) - 037030L13MASW13

n° tracce | Ax (m)

L tot (m)

At (ms) T (s)

15 1,0

23,0

0,5/2,0 | 2,0/32,0

Ax: interdistanza geofonica; L tot: lunghezza profilo; At: passo di campionamento; T: durata registrazione.
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Sismogramma registrato durante le acquisizioni di
microtremore sismico. In ascissa il numero dei
geofoni, in ordinata il tempo (ms).

Spettro di potenza nel dominio 7/~ve Picking della
curva sperimentali delle onde R (croci nere).

MASW1 MS_Granarolo
2005

ity (mis)
0.0 50.0 100.0 150.0 250.0 300.0 350.0 400.0 450.0

T
(1.8, 167.7)

%]

%vl.l(z1 175.8)
|
i-I-[IZ‘F. 183.2)
oo
_\

(4.1, 220.8)

282.8)

Modello di sottosuolo (1D) descritti in termini di Vs e
spessore dei sismostrati (spezzata blu) e curva di
dispersione sperimentale delle onde R (curva rossa).

Tabella di sintesi

Profondita
n. Spessore
letto Vs (m/s)
Strato (m)
(m dal p.c.)
1 1.6 1.6 167.7
2 3.7 2.1 178.8
3 6.4 2.7 183.2
4 9.7 3.3 195.0
5 13.8 4.1 220.8
6 18.8 5.0 238.6
7 24.8 6.0 262.6
8 ) 00 282.8

Vsz0 = 224.4 £ 10% [m/s]

Sintesi dei parametri del modello di sottosuolo
ottenuto e Valore di Vs30 calcolato.




PROSPEZIONE SISMICA CON METODOLOGIA ATTIVA/PASSIVA MASW/Re.Mi.

Cadriano, Comune di Granarolo Emilia (BO) - 037008L14MASW14

n° tracce | Ax (m) | L tot (m)

At (ms) T (s)

15 2,5 57,5

0,5/2,0 | 2,0/32,0

Ax: interdistanza geofonica; L tot: lunghezza profilo; At: passo di campionamento; T: durata registrazione.
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00 376 752 112.5150.4 183.0 225.6 263.2 300.8 338.4 376.0 413.6 451.2458.5 526.4 564.0 601.6639.2 676.8 714.4 752.0 789.6

Sismogramma registrato durante le acquisizioni di
microtremore sismico. In ascissa il numero dei
geofoni, in ordinata il tempo (ms).

Spettro di potenza nel dominio 7/~ve Picking della
curva sperimentali delle onde R (croci nere).
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locity (mis;

Velocity (mis)
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Depth (m)

200 i‘: 6.3, 285.8

(205.0)

35.0

Modello di sottosuolo (1D) descritti in termini di Vs e
spessore dei sismostrati (spezzata blu) e curva di
dispersione sperimentale delle onde R (curva rossa).

Tabella di sintesi

Profondita

n. Spessore
letto Vs (m/s)
Strato (m)

(m dal p.c.)
1 2.1 2.1 141.4
2 4.5 2.4 166.6
3 7.3 2.8 175.2
4 10.6 3.3 181.2
5 14.5 3.9 205.9
6 19.1 4.6 240.4
7 24.5 5.4 268.7
8 30.8 6.3 285.8
9 ) ) 305.0

Vs30 = 213.0 = 10% [m/s]

Sintesi dei parametri del modello di sottosuolo

ottenuto e Valore di Vs30 calcolato.






