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DRBICA ITAL I

PROTEZIONE CIVILE CONFERENZA DELLE REGIONI E
Presidenza del Consiglio dei Ministri DELLE PROVINCE AUTONOME

Dipartimento della Protezione Civile —_B‘Emilia-B
Attuazione dell'articolo 11 della legge 24 giugno 2009, n.77

MICROZONAZIONE SISMICA
Livello 3

Regione Emilia-Romagna
Comune di Mirandola
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Relazione lllustrativa - Allegato 2
Rapporti di Prova

Regione Soggetto realizzatore

Emilia-Romagna Geotema S.r.l. 02/05/2018




e
TEMA

Ambiente & GIS

Via Piangipane, 141 - 44121 Ferrara (Italy)
Tel. +39 0532 18.62.693

info@geotema.it - info@pec.geotema.it
www.geotema.it

Project: Microzonazione Mirandola 2018

Location: Comune di Mirandola

CPT: CPTU 01

Total depth: 19.93 m, Date: 05/04/2018

Coords: lat 44.891° lon 11.0575°
Cone Type: Pagani
Cone Operator: Leonardo Calzolari
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I(SBT) SBT (Robertson, 2010)
SBT legend

[l L Sensitive fine grained [ 4 Clayeysilttosilty clay  [] 7. Gravely sand to sand
[ 2 Organic material [ 5. silty sand to sandy silt  [[] 8. Very stiff sand to clayey sand
Il 3 Clay tossilty clay [ 6. Clean sand to silty sand [] 9. Very stiff fine grained
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/ Via Piangipane, 141 - 44121 Ferrara (Italy)
— _-I-E MA Tel. +39 0532 18.62.693 CPT: CPTU 02

info@geotema.it - info@pec.geotema.it

Ambiente & GIS X Total depth: 20.02 m, Date: 08/03/2018
www.geotema. It Coords: lat 44.888° lon 11.0716°
Project: Microzonazione Mirandola 2018 Cone Type: Pagani
Location: Comune di Mirandola Cone Operator: Leonardo Calzolari
Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type
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Tip resistance (MPa) Rf (%) Pressure (kPa) I(SBT) SBT (Robertson, 2010)
SBT legend
[l L Sensitive fine grained [ 4 Clayeysilttosilty clay  [] 7. Gravely sand to sand
[ 2 Organic material [ 5. silty sand to sandy silt  [[] 8. Very stiff sand to clayey sand
Il 3 Clay tossilty clay [ 6. Clean sand to silty sand [] 9. Very stiff fine grained
CPeT-I1T v.2.0.2.7 - CPTU data presentation & interpretation software - Report created on: 08/04/2018, 11:30:31 2
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/ Via Piangipane, 141 - 44121 Ferrara (Italy)

— _-I-E MA Tel. +39 0532 18.62.693
=

TR info@geotema.it - info@pec.geotema.it
www.geotema.it

Project: Microzonazione Mirandola 2018
Location: Comune di Mirandola

CPT: CPTU 03

Total depth: 20.02 m, Date: 08/03/2018
Coords: lat 44.8899° lon 11.1002°

Cone Type: Pagani

Cone Operator: Leonardo Calzolari

Cone resistance qt Friction ratio Pore pressure u
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I(SBT) SBT (Robertson, 2010)
SBT legend
[l L Sensitive fine grained [ 4 Clayeysilttosilty clay  [] 7. Gravely sand to sand
[ 2 Organic material [ 5. silty sand to sandy silt  [[] 8. Very stiff sand to clayey sand
Il 3 Clay tossilty clay [ 6. Clean sand to silty sand [] 9. Very stiff fine grained
3
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Ambiente & GIS

Via Piangipane, 141 - 44121 Ferrara (Italy)

Tel. +39 0532 18.62.693

info@geotema.it - info@pec.geotema.it

www.geotema.it

Project: Microzonazione Mirandola 2018
Location: Comune di Mirandola

CPT: CPTU 04

Total depth: 19.98 m, Date: 24/03/2018
Coords: lat 44.8776° lon 11.0567°

Cone Type: Pagani

Cone Operator: Leonardo Calzolari
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SBT legend

[l L Sensitive fine grained [l 4 Clayey silt to silty clay
[ 5 silty sand to sandy silt

[ 6. Clean sand to silty sand [] 9. Very stiff fine grained

. 2. Organic material
[l 3 Clay tosilty clay

Depth (m)

Soil Behaviour Type
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SBT (Robertson, 2010)

. 7. Gravely sand to sand
. 8. Very stiff sand to clayey sand
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Project: Microzonazione Mirandola 2018

Location: Comune di Mirandola

CPT: CPTU 05
Total depth: 20.02 m, Date: 24/03/2018
Coords: lat 44.8818° lon 11.0611°
Cone Type: Pagani
Cone Operator: Leonardo Calzolari

Depth (m)

]

Cone resistance qt

Friction ratio Pore pressure u

10 20

Tip resistance (MPa)

0 D—Wf
1 1
2 2 _
¥
: ina
4 4 \ —
5 5 \ &
& &
] ) ==
8 ) g
o
E g J& E‘ g | =
E 4 3 £ 104ty
e 5 i
o 11" O 11
12 ? 12 ‘335"’
13------5 13 _1
14 & 14
15 15
16 2 16 qjk
17 17
18 k 18 {\
19 ; 19 %
20 20 :
0o 2 4 8 10 0 200
Rf (%) Pressure (kPa)

Cepth (m)

SBT Index

Soil Behaviour Type

v &g
v Bl

ty cla
ty cla

Ja

a

v Bal

ty cla

Sil

v &
v 5N

tycla

Bsa

by zilt

Qay
Cay &zilty cla

Depth (m)

Sand & ity sand

Silty zand &sandy silt

Sand & silty sand

o 2 4 6 8 10 12 14 16 18

I(SBT) SBT (Robertson, 2010)

SBT legend

[l L Sensitive fine grained [ 4 Clayeysilttosilty clay  [] 7. Gravely sand to sand

[ 2 Organic material [ 5. silty sand to sandy silt  [[] 8. Very stiff sand to clayey sand
Il 3 Clay tossilty clay [ 6. Clean sand to silty sand [] 9. Very stiff fine grained
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/ Via Piangipane, 141 - 44121 Ferrara (Italy)
— _-rEMA Tel. +39 0532 18.62.693 CPT: CPTU 06

info@geotema.it - info@pec.geotema.it

Ambiente & GIS X Total depth: 20.09 m, Date: 28/02/2018
www.geotema.it Coords: lat 44.8593° lon 11.0394°
Project: Microzonazione Mirandola 2018 Cone Type: Pagani
Location: Comune di Mirandola Cone Operator: Leonardo Calzolari
Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type
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Tip resistance (MPa) Rf (%) Pressure (kPa) I(SBT) SBT (Robertson, 2010)
SBT legend
[l L Sensitive fine grained [ 4 Clayeysilttosilty clay  [] 7. Gravely sand to sand
[ 2 Organic material [ 5. silty sand to sandy silt  [[] 8. Very stiff sand to clayey sand
Il 3 Clay tossilty clay [ 6. Clean sand to silty sand [] 9. Very stiff fine grained
CPeT-I1T v.2.0.2.7 - CPTU data presentation & interpretation software - Report created on: 08/04/2018, 11:30:35 6

Project file: D:\GEOTEMA\MS_VARIE\MIRANDOLA\NUOVE_CPTU\CPTU_MS.cpt



/ Via Piangipane, 141 - 44121 Ferrara (Italy)

— _-rEMA Tel. +39 0532 18.62.693 CPT: CPTU 07
Amblente 8 Gi5 info@geotema.it - info@pec.geotema.it Total depth: 19.98 m, Date: 24/03/2018
www.geotema.it Coords: lat 44.8601° lon 11.0572°
Project: Microzonazione Mirandola 2018 Cone Type: Pagani
Location: Comune di Mirandola Cone Operator: Leonardo Calzolari
Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type
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Tip resistance (MPa) Rf (%) Pressure (kPa) I(SBT) SBT (Robertson, 2010)
SBT legend
[l L Sensitive fine grained [ 4 Clayeysilttosilty clay  [] 7. Gravely sand to sand
[ 2 Organic material [ 5. silty sand to sandy silt  [[] 8. Very stiff sand to clayey sand
Il 3 Clay tossilty clay [ 6. Clean sand to silty sand [] 9. Very stiff fine grained
CPeT-I1T v.2.0.2.7 - CPTU data presentation & interpretation software - Report created on: 08/04/2018, 11:30:36 7
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Via Piangipane, 141 - 44121 Ferrara (Italy)
Tel. +39 0532 18.62.693

info@geotema.it - info@pec.geotema.it
www.geotema.it

Project: Microzonazione Mirandola 2018

Location: Comune di Mirandola

CPT: CPTU 08

Total depth: 20.02 m, Date: 01/03/2018
Coords: lat 44.9194° lon 11.0969°

Cone Type: Pagani

Cone Operator: Leonardo Calzolari
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I(SBT) SBT (Robertson, 2010)
SBT legend
[l L Sensitive fine grained [ 4 Clayeysilttosilty clay  [] 7. Gravely sand to sand
[ 2 Organic material [ 5. silty sand to sandy silt  [[] 8. Very stiff sand to clayey sand
Il 3 Clay tossilty clay [ 6. Clean sand to silty sand [] 9. Very stiff fine grained
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/ Via Piangipane, 141 - 44121 Ferrara (Italy)

i TEMA Tel. +39 0532 18.62.693 CPT: CPTU 09
Ambiente & GIS info@geotema.it - info@pec.geotema.it Total depth: 20.08 m, Date: 01/03/2018

www.geotema.it Coords: lat 44.9234° lon 11.0957°

Project: Microzonazione Mirandola 2018 Cone Type: Pagani
Location: Comune di Mirandola Cone Operator: Leonardo Calzolari
Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type
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Tip resistance (MPa) Rf (%) Pressure (kPa) I(SBT) SBT (Robertson, 2010)
SBT legend
[l L Sensitive fine grained [ 4 Clayeysilttosilty clay  [] 7. Gravely sand to sand
[ 2 Organic material [ 5. silty sand to sandy silt  [[] 8. Very stiff sand to clayey sand
Il 3 Clay tossilty clay [ 6. Clean sand to silty sand [] 9. Very stiff fine grained
CPeT-I1T v.2.0.2.7 - CPTU data presentation & interpretation software - Report created on: 08/04/2018, 11:30:39 9

Project file: D:\GEOTEMA\MS_VARIE\MIRANDOLA\NUOVE_CPTU\CPTU_MS.cpt



/ Via Piangipane, 141 - 44121 Ferrara (Italy)

i TEMA Tel. +39 0532 18.62.693 CPT: CPTU 10
Amblente & G5 info@geotema.it - info@pec.geotema.it Total depth: 19.52 m, Date: 05/04/2018

www.geotema.it Coords: lat 44.938° lon 11.2258°

Project: Microzonazione Mirandola 2018 Cone Type: Pagani
Location: Comune di Mirandola Cone Operator: Leonardo Calzolari
Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type
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Tip resistance (MPa) Rf (%) Pressure (kPa) I(SBT) SBT (Robertson, 2010)
SBT legend
[l L Sensitive fine grained [ 4 Clayeysilttosilty clay  [] 7. Gravely sand to sand
[ 2 Organic material [ 5. silty sand to sandy silt  [[] 8. Very stiff sand to clayey sand
Il 3 Clay tossilty clay [ 6. Clean sand to silty sand [] 9. Very stiff fine grained
CPeT-I1T v.2.0.2.7 - CPTU data presentation & interpretation software - Report created on: 08/04/2018, 11:30:40 10
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Tel. +39 0532 18.62.693
info@geotema.it - info@pec.geotema.it
www.geotema.it

Project: Microzonazione Mirandola 2018

Location: Comune di Mirandola

CPT: CPTU 11

Total depth: 20.01 m, Date: 28/02/2018
Coords: lat 44.8771° lon 11.1269°

Cone Type: Pagani

Cone Operator: Leonardo Calzolari
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I(SBT) SBT (Robertson, 2010)
SBT legend
[l L Sensitive fine grained [ 4 Clayeysilttosilty clay  [] 7. Gravely sand to sand
[ 2 Organic material [ 5. silty sand to sandy silt  [[] 8. Very stiff sand to clayey sand
Il 3 Clay tossilty clay [ 6. Clean sand to silty sand [] 9. Very stiff fine grained

CPeT-I1T v.2.0.2.7 - CPTU data presentation & interpretation software - Report created on: 08/04/2018, 11:30:41
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Project: Microzonazione Mirandola 2018
Location: Comune di Mirandola

CPT: CPTU 12

Total depth: 16.20 m, Date: 05/04/2018
Coords: lat 44.93° lon 11.2023°

Cone Type: Pagani

Cone Operator: Leonardo Calzolari

Cone resistance qt Fricton ratio Pore pressure u
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4 4 4
4.5 4.5 2 4.5
5 5 S_ S
5.5 5.5 < 5.5
& & . £
6.5 6.5 . = 5.5
P s § .
E 75 E 75 E 75
i i i
&8s &8s ? &8s
a1 = O 9 0 9
9.5 95 9.5
10 10 f 10
10.5 10.54 10.5
11 11 11
11.5 11.5 11.5
12 12 12
12.5 12.5 12.5
13 13 13
13.5 13.5 13.5
14 14 14
14.5 14.5 C- 14.5
15 15 15
15.5 15.5 15.5
16 16 16
u] 1a zZ0 ] z 4 o] g 10 u] 500
Tip resistance (MPa) Rf (%) Pressure (kPa)

Cepth (m)

SBT Index Soil Behaviour Type
]
05 05 Slty sand & zandy silt
1 1 Oay
1.3 1.3 Omanic soil
2
2 ay
2.5 2.5
3 3 Qay &silty cla
3.5 39
4 4
4.5 4.5 ay
3 5
5.5 555
5] 5]
&5 &5 Qay & silty cla
7 i 7
Qay
5 E 75
s
a8 - g
o 4% 55 Qay & silty cla
Q ] Q
Q.5 a5 Qay
10 L0 Qay &ailty cla
10.5 10.5 Qay Lsiltyela
11 11 Silty sand & sandy sit
1455 1:1:5
12 12
12.5 12.35 Sand &xilty zand
13 13
1350 13.5
L 14 Silty sand & zahdy it
14.5 145
15 15 ;
15 5 —_— Sand &silty sand
16 16
1 2 3 4 o 2 4 &6 &8 10 12 14 16 18
[(SBT) SBT (Robertson, 2010)
SBT legend
[l L Sensitive fine grained [ 4 Clayeysilttosilty clay  [] 7. Gravely sand to sand
[ 2 Organic material [ 5. silty sand to sandy silt  [[] 8. Very stiff sand to clayey sand
Il 3 Clay tossilty clay [ 6. Clean sand to silty sand [] 9. Very stiff fine grained

CPeT-I1T v.2.0.2.7 - CPTU data presentation & interpretation software - Report created on: 08/04/2018, 11:30:42
Project file: D:\GEOTEMA\MS_VARIE\MIRANDOLA\NUOVE_CPTU\CPTU_MS.cpt
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Microzonazione Sismica lll livello - Mirandola (MO)

STATION INFORMATION

Station code: SSSSS

Model: SARA SLO6

Sensor:  SARA SS20PACK (integrated 2.0 Hz sensors)

Notes: -

Place ID:

Address:

Latitude:

Longitude:
Coordinate system:
Elevation:

Weather:

Notes:

PLACE INFORMATION
HVSR4
Via Ca Vecchia - Tre Gobbi
44.931393N
11.202457E
WGS84

0.007700 m s.I.m.

SARA electronic instruments srl - GeoExplorer HVSR 2.2.3

Page 1/6
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PHOTOGRAPHIC REFERENCES
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Microzonazione Sismica lll livello - Mirandola (MO)

SIGNAL AND WINDOWING
Sampling frequency: 300 Hz
Recording start time: 2017/10/11 14:58:02
Recording length: 30 min
Windows count: 31
Average windows length: 40

Signal coverage: 68.89%

432442 Counts CHANNEL #1 [V]

Page 3/6

-525680 Counts

947582 Counts CHANNEL #2 [N]

-912082 Counts

1115557 Counts CHANNEL #3 [E]

-1164421 Counts

SARA electronic instruments srl - GeoExplorer HVSR 2.2.3

www.sara.pg.it



Page 4/6

www.sara.pg.it

. 1 e g P

~TTr-TrTTT1TaAT T TS ST TS T T
]
'
'
a
'
'
'
]
'
a
'
]
]
'
'
[ gy

Microzonazione Sismica lll livello - Mirandola (MO)

HVSR ANALYSIS

59%)

Enabled (Bandwidth

Tapering:

Konno-Ohmachi (Bandwidth coefficient = 40)

Disabled

Smoothing:

Instrumental correction:

HVSR average
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fi
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Frequency [Hz]
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Frequency [Hz]
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Microzonazione Sismica lll livello - Mirandola (MO) Page 5/6

HVSR time-frequency analysis (30 seconds windows)

irowe W T R B 0 (DN DEEEERRN @ [

H lewel
10

s
=
=
a
=
[=E]
™=
(T
o
0.z
14:58:02 15:06:0% 15:14:02 15:22:0%
Time

HVSR directional analysis

H lewel
364

Frequency [Hz]

0 44 a0 134 180
Azimuth []
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Microzonazione Sismica lll livello - Mirandola (MO) Page 6/6

SESAME CRITERIA

0702 Hz
Selected f, frequency i
0.702 Hz

Ao amplitude = 2.786
Average fy = 0.694 + 0.127

HY ratio level

Frequency [Hz]

HVSR curve reliability criteria

fo>10/L, 31 valid windows (length > 14.24 s) out of 31
Nns(fo) > 200 870.78 > 200
oa(f) < 2 for 0.5f, < f < 2fy Exceeded 0 times in 29
HVSR peak clarity criteria
3fin [fo/4, fo] | Annd(f) < Adl2 0 Hz
31 in [fo, 4f5] | Asn(f) < Aol2 0 Hz
Ao > 2 2.79>2
focarlArn(f) £ oa(f)] = fo £ 5% 4.76% <= 5%
or < &(fo) 0.12686 >= 0.10534
oa(fo) < 6(fo) 1.45212<2

Overall criteria fulfillment

SARA electronic instruments srl - GeoExplorer HVSR 2.2.3 www.sara.pg.it



Microzonazione Sismica lll livello - Mirandola (MO)

STATION INFORMATION

Station code: SSSSS

Model: SARA SLO6

Sensor:  SARA SS20PACK (integrated 2.0 Hz sensors)

Notes: -

Place ID:

Address:

Latitude:

Longitude:
Coordinate system:
Elevation:

Weather:

Notes:

PLACE INFORMATION
HVSR3
Via Martiri della Liberta - SP7
44.923575N
11.064152E
WGS84

0.018700 m s.I.m.

SARA electronic instruments srl - GeoExplorer HVSR 2.2.3

Page 1/6

www.sara.pg.it
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PHOTOGRAPHIC REFERENCES
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Microzonazione Sismica lll livello - Mirandola (MO) Page 3/6

SIGNAL AND WINDOWING
Sampling frequency: 300 Hz
Recording start time: 2017/10/11 13:51:00
Recording length: 30 min
Windows count: 27
Average windows length: 40

Signal coverage: 60%

248159 Counts CHANNEL #1 [V]

s o s 0 o | e el el e e i Bt ool lm-ﬂﬂuﬂﬂu*mqﬂl“ |

-381402 Counts

335263 Counts CHANNEL #2 [N]

-ulI-[I-n-ﬁh-mmm#“mtmﬂq-—u—-m+-hmu

-348976 Counts

289629 Counts CHANNEL #3 [E]

-ﬂinlhllﬂw-#nhmwmnwuﬂnﬁnuw*hum—%—ﬂ-

-293057 Counts

SARA electronic instruments srl - GeoExplorer HVSR 2.2.3 www.sara.pg.it
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Microzonazione Sismica lll livello - Mirandola (MO)

HVSR ANALYSIS

59%)

Enabled (Bandwidth

Tapering:

Konno-Ohmachi (Bandwidth coefficient = 40)

Disabled

Smoothing:

Instrumental correction:

HVSR average
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Microzonazione Sismica lll livello - Mirandola (MO) Page 5/6

HVSR time-frequency analysis (30 seconds windows)
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HVSR directional analysis

H lewel
3.1z

Frequency [Hz]

0 45 a0 134 180
Azimuth []
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Microzonazione Sismica lll livello - Mirandola (MO) Page 6/6

SESAME CRITERIA

0702 Hz
Selected f, frequency i
0.702 Hz

Ao amplitude = 2.420
Average fy = 0.724 + 0.167

HY ratio level

Frequency [Hz]

HVSR curve reliability criteria

fo>10/L, 27 valid windows (length > 14.24 s) out of 27
Nns(fo) > 200 758.42 > 200
oa(f) < 2 for 0.5f, < f < 2fy Exceeded 0 times in 29
HVSR peak clarity criteria
3fin [fo/4, fo] | Annd(f) < Adl2 0 Hz
31 in [fo, 4f5] | Asn(f) < Aol2 2.24665 Hz
Ao > 2 242> 2
focarlArn(f) £ oa(f)] = fo £ 5% 0% <= 5%
or < &(fo) 0.16671 >= 0.10534
oa(fo) < 6(fo) 1.28663 < 2

Overall criteria fulfillment

SARA electronic instruments srl - GeoExplorer HVSR 2.2.3 www.sara.pg.it
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