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Project: PSC MIRANDOLA 2015

Location: Mirandola (MO)

Studio di geologia Tarabusi
Viale A.Oriani 42
40137 Bologna

http://www.studiotarabusi.it

CPT: CPTU1

Total depth: 20.04 m, Date: 19/01/2015
Coords: lat 44.536556° lon 11.035418°
Cone Type: Pagani

Cone Operator: Calzolari
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Project:
Location: Mirandola (MO)

PSC MIRANDOLA 2015

Studio di geologia Tarabusi
Viale A.Oriani 42

40137 Bologna
http://www.studiotarabusi.it

CPT: CPTU1

Total depth: 20.04 m, Date: 19/01/2015
Coords: lat 44.536556° lon 11.035418°
Cone Type: Pagani

Cone Operator: Calzolari

Cone resistance qt
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SBT Index Soil Behaviour Type
1 Clay
Organic soil
2
3 Clay
4
5 Clay & silty clay
Clay
6 Sand & silty sand
7
8
Sand & silty sand
o £
N
10 S : ; —
o Silty sand & sandy silt
()
11 [a)
12 Sand & silty sand
13
14 Silty sand & sandy silt
15 Sand & silty sand
Silty sand & sandy silt
16
Sand & silty sand
17
Silty sand & sandy silt
18 Sand & silty sand
19 Silty sand & sandy silt
Sand & silty sand
20 L T e e e e e e
1 2 3 0 2 4 6 8 10 12 14 16 18
I(SBT) SBT (Robertson, 2010)
SBT legend

Bl 1. Sensitive fine grained B 4 Clayeysitttosity day [ 7. Gravely sand to sand
[l 2. Organic material [ s. silty sand to sandy sitt [ . Very stiff sand to clayey sand
Bl 3. Clay to silty clay [ 6. clean sand tossitty sand [] 9, very stiff fine grained

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 15/02/2015, 02:46:07

Project file: D:\MIRANDOLA_PSC.cpt



—_ Studio di geologia Tarabusi
Viale A.Oriani 42

f 40137 Bologna
http://www.studiotarabusi.it

Project: PSC MIRANDOLA 2015
Location: Mirandola (MO)

CPT: CPTU1

Total depth: 20.04 m, Date: 19/01/2015
Coords: lat 44.536556° lon 11.035418°

Cone Type: Pagani
Cone Operator: Calzolari

Permeability SPT N60 Young's modulus Relative density Friction angle
- = = ﬁ.\ - e = a3
“-
1- 1- 1- > 1- 14
24 24 24 24 24
34 34 34 34 34
4 4+ 4 4 4
54 5 54 - 54 - 54 -
6 6 6 6 6
74 74 74 74 74
8 8 8 | 8 8-
’g 9 ’é‘ 9 ’g 9| E 9 ’g 9
£ 10+ S 10+ S 10+ S 10+ S 104
Q Q. Q Q Q
A 11 A 11 A 11- A 114 A 114
12+ 12+ 12— 12+ 124
13- 13- 13- 13- 134
14— 14— 14— 14— 144
15+ 154 15+ 15+ 154
16 16 16+ 16 16+
17+ 174 17+ 17+ 174
18- 18- 18- 18- 18
194 194 19— 194 194
20+ 20+ 20+ 20+ 204
T | T y T 7 T U T | g 1 y T : T U T d T U | | LI L DL L DL I
1x10° 1x10 6 1x10 3 0 10 20 30 40 50 0 50 100 0 20 40 60 80 100 30 35 40 45 50 55 60
Ksbt (m/s) N60 (blows/30cm) Es (MPa) Dr (%) ¢ (degrees)
Calculation parameters
Permeability: Based on SBT, Relative desnisty constant, Cpr: 350.0
SPT Neo: Based on Ic and qt Phi: Based on Kulhawy & Mayne (1990)
Young'’s modulus: Based on variable alpha using I. (Robertson, 2009) —@— User defined estimation data
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Studio di geologia Tarabusi

Viale A.Oriani 42 CPT: CPTU1
40137 Bologna N Total depth: 20.04 m, Date: 19/01/2015
http://www.studiotarabusi.it Coords: lat 44.536556° lon 11.035418°
Project: PSC MIRANDOLA 2015 Cone Type: Pagani
Location: Mirandola (MO) Cone Operator: Calzolari
Constrained Modulus Shear modulus Shear strength Undrained strength ratio OCR
T 7 = Su peak
1 14 . Su remolded 0.4+
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2- 2 P 0.8
34 34 14 ) 1+ 14
4- 4 :/ 1.2+
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M(CPT) (MPa) Go (MPa) Su (kPa) Su/o',v OCR
Calculation parameters
Constrained modulus: Based on variable a/jpha using I. and Qi (Robertson, 2009) OCR factor for clays, Nk: 0.33
Go: Based on variable a/pha using I. (Robertson, 2009) —@— User defined estimation data
Undrained shear strength cone factor for clays, Ni:: 14
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Project: PSC MIRANDOLA 2015

Location: Mirandola (MO)

Studio di geologia Tarabusi
Viale A.Oriani 42
40137 Bologna

http://www.studiotarabusi.it

CPT: CPTU2

Total depth: 20.50 m, Date: 25/02/2014
Coords: lat 44.541577° lon 11.035248°
Cone Type: Pagani

Cone Operator: Calzolari
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Project: PSC MIRANDOLA 2015

Location: Mirandola (MO)

Studio di geologia Tarabusi
Viale A.Oriani 42 CPT: CPTU2
40137 Bologna Total depth: 20.50 m, Date: 25/02/2014
http://www.studiotarabusi.it Coords: lat 44.541577° lon 11.035248°
Cone Type: Pagani
Cone Operator: Calzolari

Cone resistance qt

Friction ratio Pore pressure u SBT Index Soil Behaviour Type

E— T Silty sand & sandy silt
1 ! ! 1 1 1
2] 2] 2] 2 Cloy
34 3+ 3 3 Organic soil
Clay
4 4 - 44 4 Organic soil
5 5 54 5
6 — 6 | 6 6
74 7 - 74 7 Clay
8- 8- : 8- 8
- 9_ e 9_ ~~ 9_ ~~ P~ 9
E E E E E
5 5 . 5 . 5 5 + Clay & silty clay
Q Q Q
% O 11— o 11— qD)' 11 Clay & silty clay
[a) [a] a) [a) [a) Clay & silty clay
12 124 12 Clay
Silty sand & sandy silt
13 134 13 Clay
14 | | 14 14 Clay & silty clay
15 | 15 15
16 16 16
17+ 174 17 Sand & silty sand
18 ; : 18 18
19— L 19 19
20— 20 20
LA L R I L | — 1 T T 7 T 7T T 1 v T T 1 L LI I I N R
5 10 15 20 25 0 2 4 6 8 10 0 200 400 600 1 2 3 4 0 2 4 6 8 10 12 14 16 18
Tip resistance (MPa) Rf (%) Pressure (kPa) I(SBT) SBT (Robertson, 2010)
SBT legend
Bl 1. Sensitive fine grained B 4 Clayeysitttosity day [ 7. Gravely sand to sand
[l 2. Organic material [ s. silty sand to sandy sitt [ . Very stiff sand to clayey sand
Bl 3. Clay to silty clay [ 6. clean sand tossitty sand [] 9, very stiff fine grained
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Studio di geologia Tarabusi

Viale A.Oriani 42
40137 Bologna
http://www.studiotarabusi.it

Project: PSC MIRANDOLA 2015
Location: Mirandola (MO)

CPT: CPTU2

Total depth: 20.50 m, Date: 25/02/2014
Coords: lat 44.541577° lon 11.035248°

Cone Type: Pagani
Cone Operator: Calzolari

Permeability SPT N60 Young's modulus Relative density Friction angle
-] = - 1 = | =1 o
i D
1 1- 1- 1- 14
24 2 2 24 2
3 34 34 34 3
4+ 44 4 4 44
5 5 5+ 54 54
6 6 6 - 6 6
74 74 7 74 74
8 8- 8 8 8-
~ 9+ ~ 9 ~ 9- ~ 9+ ~ 94
E E E E E
< 10+ < 10+ — 104 < 10+ = 10+
a a a a a
o 114 o 114 o 114 o 11+ o 114
[a) Qa a) [a) Qa
12— 12+ 12— 12— 124
s
13- 13- 13- 13- 13+
14— 14— 14— 14— 144
15+ 154 15— 15+ 154
16— 16 16— 16— 16+
174 174 17+ 174 174
18- 18- 18- 18- 18+
19+ 19+ 19— 19+ 194
20+ 20+ 20+ 20+ 20+
T | T y T 7 T U T | g | : | U T d T U T | i LA DL L L DL I
1x10° 1x10 6 1x10 3 0 10 20 30 40 50 50 100 0 20 40 60 80 100 30 35 40 45 50 55 60
Ksbt (m/s) N60 (blows/30cm) Es (MPa) Dr (%) ¢ (degrees)
Calculation parameters
Permeability: Based on SBT, Relative desnisty constant, Cpr: 350.0
SPT Neo: Based on Ic and qt Phi: Based on Kulhawy & Mayne (1990)
Young'’s modulus: Based on variable alpha using I. (Robertson, 2009) —@— User defined estimation data
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Project: PSC MIRANDOLA 2015
Location: Mirandola (MO)

CPT: CPTU2

Total depth: 20.50 m, Date: 25/02/2014
Coords: lat 44.541577° lon 11.035248°

Cone Type: Pagani
Cone Operator: Calzolari

Constrained Modulus Shear modulus Shear strength
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Calculation parameters
Constrained modulus: Based on variable a/jpha using I. and Qi (Robertson, 2009) OCR factor for clays, Nk: 0.33

Go: Based on variable ajpha using 1. (Robertson, 2009) —@— User defined estimation data
Undrained shear strength cone factor for clays, Ni:: 14
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Project: PSC MIRANDOLA 2015

Location: Mirandola (MO)

Studio di geologia Tarabusi
Viale A.Oriani 42
40137 Bologna

http://www.studiotarabusi.it

CPT: CPTU3

Total depth: 20.05 m, Date: 19/01/2015
Coords: lat 44.539123° lon 11.048923°
Cone Type: Pagani

Cone Operator: Calzolari
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Studio di geologia Tarabusi

Viale A.Oriani 42 CPT: CPTU3
40137 Bologna N Total depth: 20.05 m, Date: 19/01/2015
http://www.studiotarabusi.it Coords: lat 44.539123° lon 11.048923°
Project: PSC MIRANDOLA 2015 Cone Type: Pagani
Location: Mirandola (MO) Cone Operator: Calzolari
Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type
Clay
Clay & silty clay
- Clay
2+ ! 2 - Organic soil
3 -
Clay
4 -
5 | Clay & silty clay
" Silty sand & sandy silt
7 - :
Sand & silty sand
8- Silty sand & sandy silt
£ o7 S £ £ g ° ,
~ ~ ~ ~ ~ Sand & silty sand
£ 104 £ £ & £ 10 | |
Q. Q Q {ax Q
(] () (0] (0] ()
o 11+ [a} ) fa) o 11 Silty sand & sandy silt
e & Sand & silty sand
13+ 13 . :
Silty sand & sandy silt
14— 14 | |
Sand & silty sand
154 15
Silty sand & sandy silt
16 16 Silty sand & sandy silt
Sand & silty sand
17 17
18- 18 . .
Sand & silty sand
19+ 19
20l|l|l|l|l 20_I'I'I'l 20 L DL DL DL DL
5 10 15 20 25 0 100 200 300 1 2 3 4 0 2 4 6 8 10 12 14 16 18
Tip resistance (MPa) Rf (%) Pressure (kPa) I(SBT) SBT (Robertson, 2010)
SBT legend
Bl 1. Sensitive fine grained B 4 Clayeysitttosity day [ 7. Gravely sand to sand
[l 2. Organic material [ s. silty sand to sandy sitt [ . Very stiff sand to clayey sand
Bl 3. Clay to silty clay [ 6. clean sand tossitty sand [] 9, very stiff fine grained
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Studio di geologia Tarabusi

Viale A.Oriani 42 CPT: CPTU3
40137 Bologna N Total depth: 20.05 m, Date: 19/01/2015
http://www.studiotarabusi.it Coords: lat 44.539123° lon 11.048923°
Project: PSC MIRANDOLA 2015 Cone Type: Pagani
Location: Mirandola (MO) Cone Operator: Calzolari
Permeability SPT N60 Young's modulus Relative density Friction angle
=1 =1 = \ = - = ~
1- 1- 1- ’gﬁ 1- = 14 N
24 24 2 2 24
34 34 34 34 34
4 4+ 4 4 4
5 5 5 5 54
6 6 6 6 6
74 74 74 74 74
8 8 8 8 8-
T o- T o- T o £ E ]
£ 10+ S 10+ S 10+ S 10+ S 104
Q Q. Q Q Q
A 11 A 11 A 11- A 114 A 114
12+ 12+ 12— 12+ 124
13- 13- 13- 13- 134
14— 14— 14— 14— 144
15+ 154 15+ 15+ 154
16 16 16+ 16 16+
17+ 174 17 174 174
18- 18- 18- 18- 18
19+ 19+ 19— 19+ 194
=g
20+ 20+ 20+ 20+ 204
T | T y T 7 T U T | g 1 ) T : T J T T T U T d T U T | i LI L DL L DL I
1x10° 1x10 6 1x10 3 0 10 20 30 40 50 0 50 100 150 200 0 20 40 60 80 100 30 35 40 45 50 55 60
Ksbt (m/s) N60 (blows/30cm) Es (MPa) Dr (%) ¢ (degrees)
Calculation parameters
Permeability: Based on SBT, Relative desnisty constant, Cpr: 350.0
SPT Neo: Based on Ic and qt Phi: Based on Kulhawy & Mayne (1990)
Young'’s modulus: Based on variable alpha using I. (Robertson, 2009) —@— User defined estimation data
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Project:
Location: Mirandola (MO)

A

PSC MIRANDOLA 2015

Studio di geologia Tarabusi
Viale A.Oriani 42

40137 Bologna

http://www.studiotarabusi.it

CPT: CPTU3

Total depth: 20.05 m, Date: 19/01/2015
Coords: lat 44.539123° lon 11.048923°

Cone Type: Pagani
Cone Operator: Calzolari
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Calculation parameters

Constrained modulus: Based on variable a/jpha using I. and Qi (Robertson, 2009)

Go: Based on variable a/pha using I. (Robertson, 2009)

Undrained shear strength cone factor for clays, Ni:: 14
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Project: PSC MIRANDOLA 2015

Location: Mirandola (MO)

Studio di geologia Tarabusi
Viale A.Oriani 42
40137 Bologna

http://www.studiotarabusi.it

CPT: CPTU4

Total depth: 20.04 m, Date: 19/01/2015
Coords: lat 44.529712° lon 11.047505°
Cone Type: Pagani

Cone Operator: Calzolari

Cone resistance
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Studio di geologia Tarabusi

Viale A.Oriani 42 CPT: CPTU4
:0137 Bologna N Total depth: 20.04 m, Date: 19/01/2015
ttp://www.studiotarabusi.it Coords: lat 44.529712° lon 11.047505°
Project: PSC MIRANDOLA 2015 Cone Type: Pagani
Location: Mirandola (MO) Cone Operator: Calzolari
Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type
——— Clay
1 - 1 -] | 1 1 Clay
Clay
2 24 2 h 4 2 Clay
3 3 3] 3 Organic soil
4 4 4 4
5+ 5+ 5+ 5 Clay
6 | 6 - 6 6
7- 74 7 - 7 Organic soil
8 8 8- 8
- = [ e P =
£ & 7 &7 E’ E Clay
S 10+ S 10+ £ 10+ £ 10 £
5 5 g 5 5
(]
o 114 Q 114 Qo 114 o 11 & Clay & silty clay
Sand & silty sand
12+ 12+ 12+ 12 Silty sand & sandy silt
Silty sand & sandy silt
13+ 13+ 13+ 13 Sand & silty sand
Sand & silty sand
14+ 14+ ‘ : 14+ 14 ‘ ‘
15- | | 15— | 15 15
Sand & silty sand
16| 16 16 16
174 174 174 17 Silty sand & sandy silt
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15 | 19 | 19- ‘ 19 Sand & silty sand
20— 20— T T 20— 20 L L L DL B
5 10 15 20 0 2 4 6 8 10 0 200 400 1 2 3 4 0 2 4 6 8 10 12 14 16 18
Tip resistance (MPa) Rf (%) Pressure (kPa) I(SBT) SBT (Robertson, 2010)
SBT legend
Bl 1. Sensitive fine grained B 4 Clayeysitttosity day [ 7. Gravely sand to sand
[l 2. Organic material [ s. silty sand to sandy sitt [ . Very stiff sand to clayey sand
Bl 3. Clay to silty clay [ 6. clean sand tossitty sand [] 9, very stiff fine grained
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CPT: CPTU4

Total depth: 20.04 m, Date: 19/01/2015
Coords: lat 44.529712° lon 11.047505°

Project: PSC MIRANDOLA 2015 Cone Type: Pagani
Location: Mirandola (MO) Cone Operator: Calzolari
Permeability SPT N60 Young's modulus Relative density Friction angle
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Ksbt (m/s) N60 (blows/30cm) Es (MPa) Dr (%) ¢ (degrees)
Calculation parameters
Permeability: Based on SBT, Relative desnisty constant, Cpr: 350.0
SPT Neo: Based on Ic and q: Phi: Based on Kulhawy & Mayne (1990)
Young'’s modulus: Based on variable alpha using I. (Robertson, 2009) —@— User defined estimation data
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A

PSC MIRANDOLA 2015

Location: Mirandola (MO)

Studio di geologia Tarabusi
Viale A.Oriani 42 CPT: CPTU4
40137 Bologna Total depth: 20.04 m, Date: 19/01/2015
http://www.studiotarabus. it Coords: lat 44.529712° lon 11.047505°
Cone Type: Pagani
Cone Operator: Calzolari

Constrained Modulus Shear modulus Shear strength Undrained strength ratio OCR
T T - _| = Su peak 0.5+
| i P - Su remolded
1 1 14 < -y 1 14
<<
2 24 — 1.5 :
34 3 2 - ‘> 2+ 24 é
¢ ol i
.
4 4 54 £ 3+ 34
54 54 2 ; 3.5
6 6 4 ‘p 4+ 4
y
< 4.5 -
7 74 a2
54 5 5
8 - 8- ’
E 7] E 7] E % e o E ¢
S 10+ S 10+ s , S 6.5 S
o o o 74 B o 7- o 74
a 114 o 114 fa) 7 fa) fa)
°
f 7.5
12- 12- 1§
84 4 8 | 8-
134 134 8.5
14 144 9 9 91
15+ 15 4 9.5
10— 1 10— 10
16 16
N 10.5+
174 174 11— 11 L~
18+ 18 2 11.5-
19 194 124 - 124 12 i
12.5+4
20— 20+ . T
T T T T T T T T T T 1 7 T 1 1 717 T T T T T T T T T T T T T T T T
100 200 100 200 0 100 200300400 500 0 0.5 1 1.5 2 0 2 4 6 8 10
M(CPT) (MPa) Go (MPa) Su (kPa) Su/o',v OCR
Calculation parameters
Constrained modulus: Based on variable a/jpha using I. and Qi (Robertson, 2009) OCR factor for clays, Nk: 0.33
Go: Based on variable a/pha using I. (Robertson, 2009) —@— User defined estimation data
Undrained shear strength cone factor for clays, Ni:: 14
CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 15/02/2015, 02:54:40 4

Project file: D:\MIRANDOLA_PSC.cpt



Al

Studio di geologia Tarabusi
Viale A.Oriani 42
40137 Bologna

http://www.studiotarabusi.it

Project: PSC MIRANDOLA 2015

Location: Mirandola (MO)

CPT: CPTU5S

Total depth: 20.03 m, Date: 19/01/2015
Coords: lat 44.528221° lon 11.046985°
Cone Type: Pagani

Cone Operator: Calzolari
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Studio di geologia Tarabusi

Viale A.Oriani 42 CPT: CPTUS
40137 Bologna N Total depth: 20.03 m, Date: 19/01/2015
http://www.studiotarabusi.it Coords: lat 44.528221° lon 11.046985°
Project: PSC MIRANDOLA 2015 Cone Type: Pagani
Location: Mirandola (MO) Cone Operator: Calzolari
Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type
—— Clay
1 1 Clay
2 - 2
3 3
4| 4
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6 - 6
7 - 7
8 | 8
£ o7 S £ £ g ° ‘
~ = S ~ = Clay & silty clay
g_ 10+ ﬁ ﬁ g_ %_ 19 Silty sand & sandy silt
8 114 8 8 8 8 11 Sand & silty sand
Silty sand & sandy silt
12+ 12 Silty sand & sandy silt
Sand & silty sand
Silty sand & sandy silt
13+ 13 Silty sand & sandy silt
144 Ld Sand & silty sand
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Sand & silty sand
16+ 16 Silty sand & sandy silt
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19— 19 Sand & silty sand
2 0 T | T | T | T | T | T 2 0 - T | T | T | T | 2 0 T | T | T | T l T | T
5 10 15 20 25 0 100 200 300 1 2 3 4 0 2 4 6 8 10 12 14 16 18
Tip resistance (MPa) Rf (%) Pressure (kPa) I(SBT) SBT (Robertson, 2010)
SBT legend
Bl 1. Sensitive fine grained B 4 Clayeysitttosity day [ 7. Gravely sand to sand
[l 2. Organic material [ s. silty sand to sandy sitt [ . Very stiff sand to clayey sand
Bl 3. Clay to silty clay [ 6. clean sand tossitty sand [] 9, very stiff fine grained
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CPT: CPTUS

Total depth: 20.03 m, Date: 19/01/2015
Coords: lat 44.528221° lon 11.046985°

Project: PSC MIRANDOLA 2015 Cone Type: Pagani
Location: Mirandola (MO) Cone Operator: Calzolari
Permeability SPT N60 Young's modulus Relative density Friction angle
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T | T y T 7 T U T | g 1 L T : T T d T U T | LA DL L L DL I
1x10° 1x10 6 1x10 3 0 10 20 30 40 50 0 100 200 0 20 40 60 80 100 30 35 40 45 50 55 60
Ksbt (m/s) N60 (blows/30cm) Es (MPa) Dr (%) ¢ (degrees)
Calculation parameters
Permeability: Based on SBT, Relative desnisty constant, Cpr: 350.0
SPT Neo: Based on Ic and q: Phi: Based on Kulhawy & Mayne (1990)
Young'’s modulus: Based on variable alpha using I. (Robertson, 2009) —@— User defined estimation data
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Studio di geologia Tarabusi

Viale A.Oriani 42 CPT: CPTUS
40137 Bologna N Total depth: 20.03 m, Date: 19/01/2015
http://www.studiotarabusi.it Coords: lat 44.528221° lon 11.046985°
Project: PSC MIRANDOLA 2015 Cone Type: Pagani
Location: Mirandola (MO) Cone Operator: Calzolari
Constrained Modulus Shear modulus Shear strength Undrained strength ratio OCR
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Calculation parameters
Constrained modulus: Based on variable a/jpha using I. and Qi (Robertson, 2009) OCR factor for clays, Nk: 0.33
Go: Based on variable ajpha using 1. (Robertson, 2009) —@— User defined estimation data
Undrained shear strength cone factor for clays, Ni:: 14
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Project: PSC MIRANDOLA 2015

Location: Mirandola (MO)

Studio di geologia Tarabusi
Viale A.Oriani 42
40137 Bologna

http://www.studiotarabusi.it

CPT: CPTU6

Total depth: 20.09 m, Date: 19/01/2015
Coords: lat 44.560824° lon 11.139591°
Cone Type: Pagani

Cone Operator: Calzolari
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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CPT: CPTU6

Total depth: 20.09 m, Date: 19/01/2015
Coords: lat 44.560824° lon 11.139591°

Cone Type: Pagani
Cone Operator: Calzolari
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O 6. Clean sand to silty sand [] o Very stiff fine grained

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 15/02/2015, 02:55:38
Project file: D:\MIRANDOLA_PSC.cpt



A

Studio di geologia Tarabusi
Viale A.Oriani 42

40137 Bologna
http://www.studiotarabusi.it

CPT: CPTU6

Total depth: 20.09 m, Date: 19/01/2015
Coords: lat 44.560824° lon 11.139591°

Project: PSC MIRANDOLA 2015 Cone Type: Pagani
Location: Mirandola (MO) Cone Operator: Calzolari
Permeability SPT N60 Young's modulus Relative density Friction angle
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1x10° 1x10 6 1x10 3 0 10 20 30 40 50 0 50 100 0 20 40 60 80 100 30 35 40 45 50 55 60
Ksbt (m/s) N60 (blows/30cm) Es (MPa) Dr (%) ¢ (degrees)
Calculation parameters
Permeability: Based on SBT, Relative desnisty constant, Cpr: 350.0
SPT Neo: Based on Ic and q: Phi: Based on Kulhawy & Mayne (1990)
Young'’s modulus: Based on variable alpha using I. (Robertson, 2009) —@— User defined estimation data
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Project: PSC MIRANDOLA 2015
Location: Mirandola (MO)

CPT: CPTU6

Total depth: 20.09 m, Date: 19/01/2015
Coords: lat 44.560824° lon 11.139591°

Cone Type: Pagani
Cone Operator: Calzolari

Constrained Modulus Shear modulus Shear strength Undrained strength ratio OCR
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Calculation parameters
Constrained modulus: Based on variable a/jpha using I. and Qi (Robertson, 2009) OCR factor for clays, Nk: 0.33
Go: Based on variable a/pha using I. (Robertson, 2009) —@— User defined estimation data
Undrained shear strength cone factor for clays, Ni:: 14
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CPT: CPTUS1

Total depth: 28.16 m, Date: 03/02/2015
Coords: lat 44.540078° lon 11.045981°
Cone Type: Pagani

Cone Operator: Calzolari
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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CPT: CPTUS1

Total depth: 28.16 m, Date: 03/02/2015
Coords: lat 44.540078° lon 11.045981°
Cone Type: Pagani

Cone Operator: Calzolari
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SBT legend

Bl 1. Sensitive fine grained B 4 Clayeysitttosity day [ 7. Gravely sand to sand
[l 2. Organic material [ s. silty sand to sandy sitt [ . Very stiff sand to clayey sand
Bl 3. Clay to silty clay [ 6. clean sand tossitty sand [] 9, very stiff fine grained
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Project: PSC MIRANDOLA 2015
Location: Mirandola (MO)

CPT: CPTUS1

Total depth: 28.16 m, Date: 03/02/2015
Coords: lat 44.540078° lon 11.045981°
Cone Type: Pagani

Cone Operator: Calzolari

Permeability SPT N60 Young's modulus
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Calculation parameters
Permeability: Based on SBT, Relative desnisty constant, Cpr: 350.0
SPT Neo: Based on Ic and q: Phi: Based on Kulhawy & Mayne (1990)

Young'’s modulus: Based on variable alpha using I. (Robertson, 2009) —@— User defined estimation data
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Calculation parameters
Constrained modulus: Based on variable a/jpha using I. and Qi (Robertson, 2009) OCR factor for clays, Nk: 0.33
Go: Based on variable a/pha using I. (Robertson, 2009) —@— User defined estimation data
Undrained shear strength cone factor for clays, Ni:: 14
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Project: PSC MIRANDOLA 2015

Location: Mirandola (MO)

CPT: CPTUS2

Total depth: 28.95 m, Date: 02/02/2015
Coords: lat 44.538172° lon 11.052629°
Cone Type: Pagani

Cone Operator: Calzolari
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Project: PSC MIRANDOLA 2015
Location: Mirandola (MO)

CPT: CPTUS2

Total depth: 28.95 m, Date: 02/02/2015
Coords: lat 44.538172° lon 11.052629°
Cone Type: Pagani

Cone Operator: Calzolari
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SBT legend
Bl 1. Sensitive fine grained B 4 Clayeysitttosity day [ 7. Gravely sand to sand
[l 2. Organic material [ s. silty sand to sandy sitt [ . Very stiff sand to clayey sand

Bl 3. Clay to silty clay [ 6. clean sand tossitty sand [] 9, very stiff fine grained
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CPT: CPTUS2

Total depth: 28.95 m, Date: 02/02/2015
Coords: lat 44.538172° lon 11.052629°

Project: PSC MIRANDOLA 2015 Cone Type: Pagani
Location: Mirandola (MO) Cone Operator: Calzolari
Permeability SPT N60 Young's modulus Relative density Friction angle
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Calculation parameters
Permeability: Based on SBT,

SPT Neo: Based on I. and gt

Young'’s modulus: Based on variable alpha using I. (Robertson, 2009)

Relative desnisty constant, Cpr: 350.0
Phi: Based on Kulhawy & Mayne (1990)

—@— User defined estimation data
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40137 Bologna Total depth: 28.95 m, Date: 02/02/2015
http://www.studiotarabus. it Coords: lat 44.538172° lon 11.052629°
Cone Type: Pagani
Cone Operator: Calzolari
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Calculation parameters
Constrained modulus: Based on variable a/jpha using I. and Qi (Robertson, 2009) OCR factor for clays, Nk: 0.33
Go: Based on variable a/pha using I. (Robertson, 2009) —@— User defined estimation data
Undrained shear strength cone factor for clays, Ni:: 14
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Viale A.Oriani 42
40137 Bologna

Project: PSC MIRANDOLA 2015
Location: Mirandola (MO)

http://www.studiotarabusi.it

Studio di geologia Tarabusi

CPT: CPTUS3

Total depth: 30.02 m, Date: 05/02/2015
Coords: lat 44.533206° lon 11.057706°
Cone Type: Pagani

Cone Operator: Calzolari
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Project: PSC MIRANDOLA 2015
Location: Mirandola (MO)

CPT: CPTUS3

Total depth: 30.02 m, Date: 05/02/2015
Coords: lat 44.533206° lon 11.057706°
Cone Type: Pagani

Cone Operator: Calzolari
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SBT legend

Bl 1. Sensitive fine grained B 4 Clayeysitttosity day [ 7. Gravely sand to sand
[l 2. Organic material [ s. silty sand to sandy sitt [ . Very stiff sand to clayey sand
Bl 3. Clay to silty clay [ 6. clean sand tossitty sand [] 9, very stiff fine grained
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CPT: CPTUS3

Total depth: 30.02 m, Date: 05/02/2015

Coords: lat 44.533206° lon 11.057706°
Project: PSC MIRANDOLA 2015 Cone Type: Pagani
Location: Mirandola (MO) Cone Operator: Calzolari
Permeability SPT N60 Young's modulus Relative density Friction angle
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Calculation parameters
Permeability: Based on SBT, Relative desnisty constant, Cpr: 350.0
SPT Neo: Based on Ic and q: Phi: Based on Kulhawy & Mayne (1990)
Young’s modulus: Based on variable alpha using I. (Robertson, 2009) —@— User defined estimation data
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Cone Type: Pagani
Cone Operator: Calzolari
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Calculation parameters
Constrained modulus: Based on variable a/jpha using I. and Qi (Robertson, 2009) OCR factor for clays, Nk: 0.33
Go: Based on variable a/pha using I. (Robertson, 2009) —@— User defined estimation data
Undrained shear strength cone factor for clays, Ni:: 14
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Project: PSC MIRANDOLA 2015

Location: Mirandola (MO)

CPT: CPTUS4

Total depth: 24.67 m, Date: 05/02/2015
Coords: lat 44.534946° lon 11.066512°
Cone Type: Pagani

Cone Operator: Calzolari
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Location: Mirandola (MO)

Studio di geologia Tarabusi
Viale A.Oriani 42

40137 Bologna
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CPT: CPTUS4

Total depth: 24.67 m, Date: 05/02/2015
Coords: lat 44.534946° lon 11.066512°
Cone Type: Pagani

Cone Operator: Calzolari
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SBT legend
Bl 1. Sensitive fine grained B 4 Clayeysitttosity day [ 7. Gravely sand to sand
[l 2. Organic material [ s. silty sand to sandy sitt [ . Very stiff sand to clayey sand

Bl 3. Clay to silty clay [ 6. clean sand tossitty sand [] 9, very stiff fine grained
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/ 40137 Bologna Total depth: 24.67 m, Date: 05/02/2015
http://www.studiotarabusi.it Coords: lat 44.534946° lon 11.066512°
Project: PSC MIRANDOLA 2015 Cone Type: Pagani
Location: Mirandola (MO) Cone Operator: Calzolari
Permeability SPT N60 Young's modulus Relative density Friction angle
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Calculation parameters
Permeability: Based on SBT, Relative desnisty constant, Cpr: 350.0
SPT Neo: Based on Ic and qt Phi: Based on Kulhawy & Mayne (1990)
Young'’s modulus: Based on variable alpha using I. (Robertson, 2009) —@— User defined estimation data
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Calculation parameters
Constrained modulus: Based on variable a/jpha using I. and Qi (Robertson, 2009) OCR factor for clays, Nk: 0.33
Go: Based on variable a/pha using I. (Robertson, 2009) —@— User defined estimation data
Undrained shear strength cone factor for clays, Ni:: 14
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Project: PSC MIRANDOLA 2015 Cone Type: Pagani
Location: Mirandola (MO) Cone Operator: Calzolari
Cone resistance Sleeve friction Pore pressure
1- 1
2- 24|
3 34
4 4
5+ 5 -
6 — 6 -
7 74
8 - 8-
9+ 9 |
10+ 104
11 114
12 12
13- ~ 134 —
E 14 E 14 £
S 15+ £ 15+ S
Q Q. Q
8 16 8 16| 8
17 174
18- 18-
19 194
20 20
2:1.4 21
2.2+ 224
234 234
24— 24—
25+ 25+
26+ 26+
274 27
28 28
294 29|
L L I B EL | LA IR I L R B LN B R I B E R |
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).

Cross correlation between qc & fs
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Project:
Location: Mirandola (MO)

PSC MIRANDOLA 2015

Studio di geologia Tarabusi
Viale A.Oriani 42

40137 Bologna

http://www.studiotarabusi.it

CPT: CPTUSS

Total depth: 29.87 m, Date: 03/02/2015
Coords: lat 44.559593° lon 11.140014°
Cone Type: Pagani

Cone Operator: Calzolari

Cone resistance qt

Depth (m)

T T T T T T T
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Tip resistance (MPa)

Friction ratio

16
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v
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Pore pressure u
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T 1 T T
0 100 200 300

Pressure (kPa)

Depth (m)

SBT Index

Soil Behaviour Type

1 1
2 2 Clay
3 3 Organic soil
4 4 Clay
5 2 Clay
6 6 Clay & silty clay
7 7 Silty sand & sandy silt
Clay & silty clay
8 8 Sand & silty sand
9 Silty sand & sandy silt
Silty sand & sandy silt
10 10 Silty sand & sandy silt
11 11 Sand & silty sand
12 12 Silty sanfj & sandy silt
Clay & silty clay
13 ~13 Silty sand & sandy silt
14 é 14 Sand & silty sand
15 £ 15 Silty sand & sandy silt
Q Sand & silty sand
16 2 16 Silty sand & sandy silt
17 17 Clay & silty clay
Clay & silty clay
18 18 Clay & silty clay
19 19 "
20 20 Sand & silty sand
21 21 Silty sand & sandy silt
22 22
23 23
24 24 Sand & silty sand
25 25
26 26
27 27 Silty sand & sandy silt
28
28 Sand & silty sand
29 29
L B e e N I A B e
1 2 3 4 0 2 4 6 8 10 12 14 16 18
I(SBT) SBT (Robertson, 2010)
SBT legend

Bl 1. Sensitive fine grained B 4 Clayeysitttosity day [ 7. Gravely sand to sand
[l 2. Organic material [ s. silty sand to sandy sitt [ . Very stiff sand to clayey sand
Bl 3. Clay to silty clay [ 6. clean sand tossitty sand [] 9, very stiff fine grained

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 15/02/2015, 02:57:29

Project file: D:\MIRANDOLA_PSC.cpt



Studio di geologia Tarabusi

Viale A.Oriani 42 CPT: CPTUS5
/ 40137 Bologna N Total depth: 29.87 m, Date: 03/02/2015
http://www.studiotarabusi.it Coords: lat 44.559593° lon 11.140014°
Project: PSC MIRANDOLA 2015 Cone Type: Pagani
Location: Mirandola (MO) Cone Operator: Calzolari
Permeability SPT N60 Young's modulus Relative density Friction angle
- - - —\ = — = —
1+ 1- 1 1+ 14
24 24 24 24 24
34 34 3 34 3
4 44 44, 4 = 4+
5+ 5 5- 5 5
6 — 6 6 6 6
74 74 74 = 74 74
8 8 8 8 8-
9 9 9 9 9+
10+ 104 10+ 10+ 10+
114 114 11+ 114 114
12— 12+ 12— ; 12— 124
13- 134 —~ 13- < 13- 134
£ 14- £ 14- £ 144 % £ 144 3 E 144 3
£ 154 £ 15 £ 15+ £ 154 S 15+
@ 16 @ 16- @ 16 ? S 16- ; S 16 ;
047 047 0 17- S 047 047
18- 18- 18- 18- 18-
19— 19+ 19— 19+ 194
20 20 20 20 20
214 214 214 214 214
224 224 224 224 224
234 234 234 234 234
24 24 244 24 24
25 254 254 254 254
26 26 26 26 26
274 274 274 274 274
28+ 28+ 28+ 28+ 28
29+ 29+ 29+ 29+ 29+
B T T B L S B S I R — i T | — T La— B L S B S S 7 T
1x10° 1x10 6 1x10 3 0 10 20 30 40 50 0 50 100 150 0 20 40 60 80 100 30 35 40 45 50 55 60
Ksbt (m/s) N60 (blows/30cm) Es (MPa) Dr (%) ¢ (degrees)
Calculation parameters
Permeability: Based on SBT, Relative desnisty constant, Cpr: 350.0
SPT Neo: Based on Ic and q: Phi: Based on Kulhawy & Mayne (1990)
Young’s modulus: Based on variable alpha using I. (Robertson, 2009) —@— User defined estimation data
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Project:

A

PSC MIRANDOLA 2015

Location: Mirandola (MO)

Studio di geologia Tarabusi

Viale A.Oriani 42
40137 Bologna

http://www.studiotarabusi.it

CPT: CPTUSS

Total depth: 29.87 m, Date: 03/02/2015
Coords: lat 44.559593° lon 11.140014°

Cone Type: Pagani
Cone Operator: Calzolari

Constrained Modulus Shear modulus Shear strength Undrained strength ratio OCR
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. . 1 —— ———— ———
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—~ 13- —~ 13- — —~ ~
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Q Q a 11+ a 11+ a 11+
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0 174 047 0 124 Q5] O 12 —
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M(CPT) (MPa) Go (MPa) Su (kPa) Su/o’,v OCR
Calculation parameters
Constrained modulus: Based on variable a/jpha using I. and Qi (Robertson, 2009) OCR factor for clays, Nk: 0.33
Go: Based on variable a/pha using I. (Robertson, 2009) —@— User defined estimation data
Undrained shear strength cone factor for clays, Ni:: 14
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Project: PSC MIRANDOLA 2015
Location: Mirandola (MO)

Studio di geologia Tarabusi
Viale A.Oriani 42
40137 Bologna

http://www.studiotarabusi.it

CPT: CPTUS6

Total depth: 29.85 m, Date: 04/02/2015
Coords: lat 44.561064° lon 11.142219°
Cone Type: Pagani

Cone Operator: Calzolari
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag

distance (one lag is the distance between two sucessive CPT measurements).
Cross correlation between qc & fs
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Project: PSC MIRANDOLA 2015

Location: Mirandola (MO)

Studio di geologia Tarabusi
Viale A.Oriani 42
40137 Bologna

http://www.studiotarabusi.it

CPT: CPTUS6

Total depth: 29.85 m, Date: 04/02/2015
Coords: lat 44.561064° lon 11.142219°
Cone Type: Pagani

Cone Operator: Calzolari

Cone resistance qt
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SBT Index Soil Behaviour Type
Clay & silty clay
1 1 Clay
o) 2 Clay & silty clay
3 3
4 4 Clay
5 5
Clay & silty clay
6 6 Clay & silty clay
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8 8 =
a
9 y
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Clay & silty clay
11 Clay
12
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13 — &
14 é Clay & silty clay
15 = Sand & silty sand
a Silty sand & sandy silt
16 []
[a]
17
18
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22 Sand & silty sand
23
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25
26
2i7
28
29 Silty sand & sandy silt
Clay & silty clay
— T T T T —
1 2 3 4 0 2 4 6 8 10 12 14 16 18
I(SBT) SBT (Robertson, 2010)
SBT legend
Bl 1. Sensitive fine grained B 4 Clayeysitttosity day [ 7. Gravely sand to sand
[l 2. Organic material [ s. silty sand to sandy sitt [ . Very stiff sand to clayey sand

Bl 3. Clay to silty clay [ 6. clean sand tossitty sand [] 9, very stiff fine grained
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Studio di geologia Tarabusi

Viale A.Oriani 42

40137 Bologna

http://www.studiotarabusi.it

CPT: CPTUS6

Total depth: 29.85 m, Date: 04/02/2015
Coords: lat 44.561064° lon 11.142219°

Project: PSC MIRANDOLA 2015 Cone Type: Pagani
Location: Mirandola (MO) Cone Operator: Calzolari
Permeability SPT N60 Young's modulus Relative density Friction angle
- 4 - 4 4
14 14 P . 1 1-
2 24 2 = 2 2
34 3+ 3] 34 3
4+ 4+ 4- 4- 4
5 5+ 54 5 54
6+ 6 6— & 6 - - 64 =
7 7 7- 7- 7
8 81 8- 8 8-
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B | T ] y T 7 T U T | g ! T ! T y 1 U T 4 T U T | i LI L DL L DL B
1x10° 1x10 6 1x10 3 0 10 20 30 40 50 50 100 150 0 20 40 60 80 100 30 35 40 45 50 55 60
Ksbt (m/s) N60 (blows/30cm) Es (MPa) Dr (%) ¢ (degrees)
Calculation parameters
Permeability: Based on SBT, Relative desnisty constant, Cpr: 350.0
SPT Neo: Based on Ic and q: Phi: Based on Kulhawy & Mayne (1990)
Young’s modulus: Based on variable alpha using I. (Robertson, 2009) —@— User defined estimation data
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Studio di geologia Tarabusi

Viale A.Oriani 42
40137 Bologna

http://www.studiotarabusi.it

Project: PSC MIRANDOLA 2015

Location: Mirandola (MO)

CPT: CPTUS6

Total depth: 29.85 m, Date: 04/02/2015
Coords: lat 44.561064° lon 11.142219°

Cone Type: Pagani
Cone Operator: Calzolari
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COMMITTENTE: Comune di Mirandola (Modena) PREFORO (m da p.c,) assente
CANTIERE: PSC Mirandola PROF. FALDA (m da p.c,) chiuso a 1,66
[ROGETTI) ;
ROGETT] LOCALITA': Mirandola TIPO PUNTA piezocono sismico
PROVA : SCPTU1 PROFONDITA' (m da p.c.): 30,00 m. 17111/2011 Certificato di prova:
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184070B002

COMMITTENTE: Comune di Mirandola (Modena) PREFORO (m da p.c,) assente
HSOGETTI CANTIERE;' . P.?C Mirandola PROF. FALDA (m da p.c.) cl.liusa 1,351'11 '
LOCALITA': Mirandola TIPO PUNTA piezocono sismico
PROVA : SCPTU6 PROFONDITA' (m da p.c.): 30,00 m. DATA PROVA: 21/11/2011 Certificato di prova:
q.(kglem?) fs (kg/om?) U (bar) fs/ac (%) Incl (%)
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GEOSTUDI

Dott. Geol. Calzolari Leonardo

Schivenoglia (MN) 1 840700008 Certificato: CALZ002

PROVA PENETROMETRICA STATICA CPT 2
TABELLA PARAMETRI GEOTECNICI TSI

- committente: Comune di Miradola - data prova : 31/05/2007
- lavoro: Microzonazione sismica -quotainizio: Piano Campagna
- localita: San Martino Spino (MO) - prof. falda : 2,74 m da quota inizio
- resp. cantiere: Nome Responsabile
- assist. cantiere: ~ Nome Assistente -dataemiss.:  28/11/2011
- pagina n°:
\ NATURA COESIVA NATURA GRANULARE
Prof. Rp Rp/Rl Natura Y' pvo Cu OCR Eu50 Eu25 Mo Dr ols @28 @3s o4s ¢dm ¢my Amax/g ES0 E25 Mo
m kg/lem?  (-)  Litol t/m?® kg/em? kg/em? (-) kg/cm? kg/cm? % ©) ©) ©) ©) ©) ©) (-) kg/em?  kg/cm?
020 20 17 4/ 18 004 080 999 136 204 60 97 42 43 44 46 4 27 0248 33 50 60

0,40 20 9 4
0,60 16 720
0,80 14 9 2
1,00 14 14 2/
1,20 20 14 4/

0,07 0,80 99,9 136 204 60 80 39 41 43 44 41 27 0,191 33 50 60
0,11 0,70 62,3 118 177 52 -- -- -- -- -- -- --
0,15 0,64 38,9 108 162 48 -- -- -- -- -- -- -- -- -- -- --
0,19 0,64 29,4 108 162 48 -- -- -- -- -- -- -- --
022 080 31,2 136 204 60 53 35 38 40 42 36 27 0,113 33 50 60

1,40 27 24 4/ 026 095 31,8 161 242 81 60 36 38 41 43 37 28 0,130 45 68 81
1,60 17 13 211 030 0,72 19,2 123 184 54 -- -- -- -- -- -- -- -- -- -- --
1,80 10 8 2 033 050 10,4 85 128 40 -- -- -- -- -- -- -- -- -- -- --
2,00 11 9 2 037 054 10,0 91 137 42 -- -- -- -- -- -- -- -- -- -- -
2,20 13 14 211 041 0,60 10,3 103 154 47 -- -- -- -- -- -- -- -- -- -- --
2,40 12 13 21 044 057 8,6 105 158 45 -- -- -- -- -- -- -- -- -- -- --
2,60 17 20 2/ 048 0,72 10,5 123 184 54 -- -- -- -- -- -- -- -- -- -- --
2,80 15 25 2 0,50 0,67 9,0 119 178 50 -- -- -- -- -- -- -- -- -- -- --
3,00 15 25 2 052 067 8,6 123 185 50 -- -- -- -- -- -- -- -- -- -- -
3,20 15 28 2/l 054 0,67 82 128 193 50 -- -- -- -- -- -- -- -- -- -- --
3,40 10 19 2/ 0,56 0,50 55 151 226 40 -- -- -- -- -- -- -- -- -- -- --
3,60 7 15 I#k* 057 035 34 31 46 11 -- -- -- -- -- -- -- -- -- -- --
3,80 6 18 2/ 0,58 030 2,7 154 231 29 -- -- -- -- -- -- -- -- -- -- --
4,00 7 17 21 0,60 035 32 167 250 32 -- -- -- -- -- -- -- -- -- -- -
4,20 6 15 I#e* 0,61 030 2,6 33 49 9 -- -- -- -- -- -- -- -- -- -- --
4,40 6 15 Ik 0,62 030 2,6 33 50 9 -- -- -- -- -- -- -- -- -- -- --
4,60 8 17 211 0,63 040 35 179 268 35 -- -- -- -- -- -- -- -- -- -- --
4,80 7 17 21 0,65 035 29 176 263 32 -- -- -- -- -- -- -- -- -- -- --
5,00 6 15 Ik 0,66 030 23 34 51 9 -- -- -- -- -- -- -- -- -- -- -
5,20 6 18 2/ 0,68 0,30 23 163 245 29 -- -- -- -- -- -- -- -- -- -- --
5,40 6 18 2/ 0,69 030 22 165 247 29 -- -- -- -- -- -- -- -- -- -- --
5,60 6 15 Ikk* 0,70 0,30 22 35 53 9 -- -- -- -- -- -- -- -- -- -- --
5,80 8 40 4/ 0,72 040 30 197 295 35 -- 28 31 35 25 26 -- 13 20 24
6,00 31 39 3 0,74 -- -- -- -- -- 39 33 36 38 32 29 0,078 52 78 93

1,85
1,85
1,85
1,85
1,85
1,85
1,85
1,85
1,85
1,85
1,85
1,85
0,95
0,95
0,95
0,90
0,46
0,82
0,84
0,46
0,46
0,86
0,84
0,46
0,82
0,82
0,46
0,84

,88
090 075 -- -- -- -- -- 49 35 37 39
093 0,77 -- -- -- -- -- 58 36 38 40
090 0,79 -- - -- --
098 081 1,17 9,9 199 298 105 41 34 36 39
091 083 -- -- -- --
091 085 -- -- -- -- -- 49 35 37 39
0,89 086 -- -- -- -- -- 41 34 36 39
090 088 -- -- -- -- -- 44 34 37 39
092 090 -- - -- -- --
1,01 092 1,53 11,9 261 391 138 47 35 37 39
090 094 -- -- -- -- --
092 096 -- -- -- -- -- 52 35 37 40
093 098 -- -- -- -- -- 52 35 37 40
093 099 -- -- -- -- -- 53 35 38 40
093 1,01 -- -- -- -- -- 51 35 37 40
093 1,03 -- -- -- -- -- 52 35 37 40
093 1,05 -- -- -- -- -- 51 35 37 40
0,91 1,07 -- -- -- -- -- 43 34 36 39
0,91 1,09 -- -- -- -- -- 43 34 36 39
090 1,10 -- -- -- -- -- 38 33 36 38
0,91 1,12 -- -- -- -- -- 42 34 36 39
0,91 1,14 -- -- -- -- -- 44 34 36 39
092 1,16 -- -- --
1,01 1,18 1,60 9,2 281 421 144 43 34 36 39
093 1,20 -- -- -- -- -- 48 35 37 39
092 122 -- -- -- -- -- 45 34 37 39
1,01 1,24 1,73 9,6 298 447 156 44 34 37 39
0,95
0,94
0,92
0,91
1,01
0,90
0,91
0,95
0,86
0,93
0,93
0,93
0,94
0,94
0,93
0,93
0,93
0,93
0,92
0,93
0,94
0,90

10,20 46 41
10,40 48 40

10,80 48 28
11,00 57 43
11,20 52 41
11,40 52 28
11,60 71 43
11,80 63 45
12,00 51 55
12,20 48 55
12,40 47 28
12,60 41 51
12,80 43 43
13,00 26 26

13,20 8 20 1,40 040 1,3 236 354 35 -- -- -- -- -- -- -- -- -- --
13,40 22 16 142 085 3 398 596 66 11 30 33 36 27 28 0,023 37 55 66
13,60 57 37 1,44 -- -- -- -- -- 44 34 37 39 32 31 0,089 95 143 171
13,80 55 52 1,46 -- -- -- -- -- 42 34 36 39 32 31 0,085 92 138 165
14,00 62 42 1,48 -- -- -- -- -- 46 34 37 39 32 32 0,094 103 155 186
14,20 63 45 1,50 -- -- -- -- -- 46 34 37 39 32 32 0,095 105 158 189
14,40 55 55 1,52 -- -- -- -- -- 41 34 36 39 31 31 0,083 92 138 165
14,60 56 56 1,53 -- -- -- -- -- 42 34 36 39 31 31 0,084 93 140 168
14,80 59 40 1,55 -- -- -- -- -- 43 34 36 39 32 32 0,087 98 148 177
15,00 57 39 1,57 -- -- -- -- -- 42 34 36 39 31 31 0,084 95 143 171
15,20 50 50 1,59 -- -- -- -- -- 37 33 36 38 31 31 0,073 83 125 150
15,40 59 37 1,61 - - -- -- -- 42 34 36 39 31 32 0,085 98 148 177
15,60 24 21 1,63 089 29 442 663 72 11 30 33 36 26 28 0,022 40 60 72
15,80 10 8 1,65 0,50 1.4 293 440 40 -- -- -- -- -- -- -- -- -- --
16,00 46 57 0,91 1,66 -- -- -- -- -- 33 33 35 38 30 31 0,064 77 115 138
16,20 44 30 1,00 1,68 147 53 460 690 132 31 32 35 38 29 31 0,060 73 110 132
16,40 12 14 092 1,70 057 1 331 496 45 -- -- -- -- -- -- -- -- -- --
16,60 111 56 1,2 1,72 -- -- -- -- -- 62 37 39 41 35 34 0,137 185 278 333
16,80 94 49 099 1,74 -- -- -- -- -- 56 36 38 40 34 34 0,120 157 235 282
17,00 88 46 098 1,76 -- -- -- -- -- 54 36 38 40 33 33 0,114 147 220 264
17,20 79 62 097 1,78 -- -- -- -- -- 50 35 37 40 32 33 0,104 132 198 237
17,40 83 59 097 1,80 -- -- -- -- -- 51 35 37 40 33 33 0,107 138 208 249
17,60 60 41 093 1,82 -- -- -- -- -- 40 34 36 39 31 32 0,079 100 150 180
17,80 74 53 096 1,84 -- -- -- -- -- 47 35 37 39 32 32 0,096 123 185 222
18,00 81 30 1,03 1,86 2770 10,0 459 689 243 50 35 37 40 32 33 0,103 135 203 243
18,20 62 66 094 1,88 -- -- -- -- -- 40 34 36 39 31 32 0,080 103 155 186
18,40 109 74 1,01 1,90 -- -- -- -- -- 59 36 38 40 34 34 0,129 182 273 327
18,60 54 32 092 192 -- -- -- -- -- 35 33 35 38 30 31 0,068 90 135 162
18,80 94 52 099 1,94 -- -- -- -- -- 54 36 38 40 33 34 0,114 157 235 282
19,00 150 56 1,08 1,96 -- -- -- -- -- 70 38 40 42 35 36 0,158 250 375 450
19,20 168 55 1,10 1,98 -- -- -- -- -- 73 38 40 42 36 37 0,169 280 420 504
19,40 158 50 1,09 2,00 -- -- -- -- -- 71 38 40 42 36 36 0,161 263 395 474
19,60 153 47 1,08 2,02 -- -- -- -- -- 69 38 40 42 35 36 0,157 255 383 459
19,80 136 73 1,05 2 -- -- -- -- -- 65 37 39 41 35 35 0,145 227 340 408

20,00 164 57 36 37 0,163 273 410 492

Software by: Dr.D.Merlin - 0425/840820 1 84070 COO8
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GEOSTUDI

Dott. Geol. Calzolari Leonardo

Schivenoglia (MN) 1 840700008 Certificato: CALZ002

PROVA PENETROMETRICA STATICA CPT 2
TABELLA PARAMETRI GEOTECNICI TSI

- committente: Comune di Miradola - data prova : 31/05/2007

- lavoro: Microzonazione sismica -quotainizio: Piano Campagna

- localita: San Martino Spino (MO) - prof. falda : 2,74 m da quota inizio

- resp. cantiere: Nome Responsabile

- assist. cantiere: ~ Nome Assistente -dataemiss.:  28/11/2011

- pagina n°:
‘ NATURA COESIVA NATURA GRANULARE

Prof. Rp Rp/Rl Natura Y' pvo Cu OCR Eu50 Eu25 Mo Dr ols @28 @3s o4s ¢dm ¢my Amax/g ES0 E25 Mo
m kg/lem?  (-)  Litol t/m?® kg/em? kg/em? (-) kg/cm? kg/cm? % ©) ©) ©) ©) ©) ©) (-) kg/em?  kg/cm?
2020 110 36 102 2,09 - - - - - 57 36 38 40 43 33 34 0123 183 275 330
2040 148 69 107 211 - - - - - 67 37 39 41 43 35 36 0I5l 247 370 444
2060 164 43 LI0 213 - - - - - 71 38 40 42 4 36 37 0161 273 410 492
2080 119 40 103 215 - - - - - 59 36 38 40 43 34 35 0128 198 298 357
2100 156 43 108 217 - - - - - 68 38 39 41 43 35 36 0154 260 390 468

21,20 178 44 1,12 2,19 -- -- -- -- -- 73 38 40 42 44 36 37 0,167 297 445 534
21,40 136 55 1,05 222 -- -- -- -- -- 63 37 39 41 43 34 35 0,139 227 340 408
21,60 125 36 1,04 224 -- -- -- -- -- 60 36 38 41 43 34 35 0,131 208 313 375
21,80 157 46 1,09 226 -- -- -- -- -- 68 37 39 41 43 35 36 0,152 262 393 471
22,00 131 50 1,05 228 -- -- -- -- -- 61 37 39 41 43 34 35 0,134 218 328 393
22,20 32 12 097 230 1,07 24 572 858 96 13 30 33 36 39 26 29 0,025 53 80 96
22,40 98 37 1,00 232 -- -- -- -- -- 51 35 37 40 42 32 34 0,106 163 245 294
22,60 172 49 LI 234 -- -- -- -- -- 70 38 40 42 44 35 37 0,159 287 430 516
22,80 175 54 LI 236 -- -- -- -- -- 70 38 40 42 44 35 37 0,160 292 438 525
23,00 183 46 1,12 238 -- -- -- -- -- 72 38 40 42 44 36 37 0,164 305 458 549
23,20 242 51 1LI5 241 -- -- -- -- -- 81 39 41 43 44 37 39 0,193 403 605 726
23,40 204 70 1LI5 243 -- -- -- -- -- 75 38 40 42 44 36 38 0,174 340 510 612
23,60 128 26 1,07 245 427 12,5 725 1088 384 59 36 38 40 43 33 35 0,127 213 320 384
23,80 116 16 1,06 247 387 11,0 657 986 348 55 36 38 40 42 33 35 0,117 193 290 348
24,00 292 58 1LI5 250 -- -- -- -- -- 86 40 42 43 45 38 40 0,211 487 730 876
24,20 291 61 1LI5 252 -- -- -- -- -- 86 40 42 43 45 38 40 0210 485 728 873
24,40 277 54 1LI5 254 -- -- -- -- -- 84 40 41 43 45 37 40 0204 462 693 831
24,60 280 53 1,15 257 -- -- -- -- -- 84 40 41 43 45 37 40 0204 467 700 840
24,80 269 66 1LI5 259 -- -- -- -- -- 83 40 41 43 45 37 40 0,199 448 673 807
25,00 245 49 LI5S 261 -- -- -- -- -- 79 39 41 43 44 37 39 0,188 408 613 735
25,20 227 44 LI5S 2,63 -- -- -- -- -- 77 39 40 42 44 36 39 0,179 378 568 681
25,40 227 44 LI5S 2,66 -- -- -- -- -- 76 39 40 42 44 36 39 0,178 378 568 681
25,60 235 57 1LI5 2,68 -- -- -- -- -- 77 39 41 42 44 36 39 0,181 392 588 705
25,80 162 47 1,09 2,70 -- -- -- -- -- 64 37 39 41 43 34 36 0,143 270 405 486
26,00 126 39 1,04 272 -- -- -- -- -- 55 36 38 40 42 33 35 0,118 210 315 378
26,20 124 42 1,04 274 -- -- -- -- -- 55 36 38 40 42 33 35 0,116 207 310 372
26,40 129 46 1,04 276 -- -- -- -- -- 56 36 38 40 42 33 35 0,119 215 323 387
26,60 142 38 1,06 2,79 -- -- -- -- -- 59 36 38 40 43 33 36 0,128 237 355 426
26,80 173 54 LI 281 -- -- -- -- -- 66 37 39 41 43 34 37 0,146 288 433 519
27,00 155 42 1,08 283 -- -- -- -- -- 62 37 39 41 43 34 36 0,135 258 388 465
27,20 156 40 1,08 285 -- -- -- -- -- 62 37 39 41 43 34 36 0,135 260 390 468
27,40 164 40 1,10 287 -- -- -- -- -- 63 37 39 41 43 34 37 0,139 273 410 492
27,60 204 47 1LI5 290 -- -- -- -- -- 71 38 40 42 44 35 38 0,161 340 510 612
27,80 220 51 1LI5 292 -- -- -- -- -- 73 38 40 42 44 35 38 0,168 367 550 660
28,00 200 86 LI5S 294 -- -- -- -- -- 69 38 40 42 44 35 38 0,158 333 500 600
28,20 178 44 1,12 296 -- -- -- -- -- 65 37 39 41 43 34 37 0,145 297 445 534
28,40 124 43 1,04 299 -- -- -- -- -- 53 35 38 40 42 32 35 0,111 207 310 372
28,60 94 29 1,5 3,01 313 6,6 770 1155 282 43 34 36 39 41 30 34 0,087 157 235 282
28,80 176 54 LI 3,03 -- -- -- -- -- 64 37 39 41 43 34 37 0,143 293 440 528
29,00 127 32 1,04 3,05 -- -- -- -- -- 53 35 38 40 42 32 35 0,112 212 318 381 _
29,20 162 45 1,09 3,07 -- -- -- -- -- 61 37 39 41 43 33 36 0,134 270 405 486
29,40 278 85 1LI5 3,09 -- -- -- -- -- 80 39 41 43 44 36 40 0,189 463 695 834
29,60 181 43 1,12 3,12 -- -- -- -- -- 65 37 39 41 43 34 37 0,143 302 453 543
29,80 162 62 1,09 3,14 -- -- -- -- -- 61 36 39 41 43 33 36 0,132 270 405 486
30,00 178 -- 1,12 3,16 -- -- -- -- -- 64 37 39 41 43 34 37 0,141 297 445 534

Software by: Dr.D.Merlin - 0425/840820 1 84070 COO8

P.IVA 01762770202




184100B001

COMMITTENTE: Comune di Mirandola (Modena) PREFORO (m da p.c,) assente
CANTIERE: PSC Mirandola PROF. FALDA (m da p.c.) 2,36m.
ROGETTI LOCALITA': Mirandola TIPO PUNTA piezocono sismico

PROVA : SCPTU2 PROFONDITA' (m da p.c.): 30,00 m. DATA PROVA: 18/11/2011 Certificato di prova:

Profondita (m)
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ANTENNA SISMICA (ESAC)

CLIENTE: Comune di Mirandola

CODICE LAVORO: 1538
CODICE PROVA: Esacl

LOCALITA": Via Concordia - Mirandola

DATA PROVA: 13/01/2015 TERRENO DI MISURA:
Coordinata est: 4973250.12 m SPACING:

Coordinata nord: 662623.22 m RECORD TIME (min):
QUOTA (m.s.I.m.): 15 CONDIZIONI METEO:

FOTO AEREA (Google Earth)

Naturale soffice
5m.

18

Sole

FOTO AREA DI INDAGINE




CLIENTE

ANTENNA SISMICA (ESAC)

Comune di Mirandola

CODICE LAVORO 1538
CODICE PROVA Esacl
LOCALITA": Via Concordia - Mirandola STRUMENTAZIONE Geometrics GEODE
DATA PROVA: 13/01/2015 N°CANALI 24
LONGITUDINE: 4973250.12 m SPACING 5m.
LATITUDINE: 662623.22 m RECORD TIME (min) 18
QUOTA (m.s.I.m.): 15 SAMPLING (Sec) 0.0
REGISTRAZIONE
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ANTENNA SISMICA ESAC

CLIENTE Comune di Mirandola

CODICE LAVORO 1538
CODICE PROVA Esacl

CURVE DI DISPERSIONE CORRIPONDENTI AD OGNI RINGS

Ring 1 fromémto 11m Ring 2 from 11m to 16 m

0.8— 0.8—
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CUMULATA DELLE CURVE DI DISPERSIONE DEI RINGS E RELATIVO PICKING PER INDIVIRNUARNE LE FASI PIU SIGNIFICATIVE
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RAPPORTO SPETTRALE A STAZIONE SINGOLA (HVSR)

CLIENTE: Comune di Mirandola
CODICE LAVORO: 1538
CODICE PROVA:  Esacl

[PARAMETRI DI ACQUISIZIONE

| [PARAMETRI DI ELABORAZIONE |

RECORD (Time)

Apparecchiatura di misura Sara SL 07 Windows lenght (sec) 20
Lunghezza registrazione 20 min Overlap 5%
Fine registrazione 00:00:00 Smoothing windows Konno & Ohmachi
Frequenza di campionamento 200 Hz Costant 40
Taper 0.5%
Low Pass 15 Hz
N° of windows 49

RECORD (Frequenzy)
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RAPPORTO SPETTRALE A STAZIONE SINGOLA (HVSR)

CLIENTE

CODICE LAVORO
CODICE PROVA

Comune di Mirandola

1538
Esacl

RAPPORTO SPETTRALE H/V

Max HVSR 0.32 £ 0.06 Hz. A0 =1.24

T

Hiv
w

"1 02 ‘03 e g traht "y
Frequency (Hz)
SPETTRO SINGOLE COMPONENTI

IDDDDD—E
o E — COMPONENTE VERTICALE
E 10000—= ——— COMPONENTE NORD
% : ———— COMPONENTE EST
E ]
EEJ- lDDDE

M1 "olf BT B BRF R T S B - 0T TR A
Frequency (Hz)
Criteri per una curva H/V affidabile
[tutti 3 dovrebbero risultare soddisfatti]
f0 0.32
Lw 20
nw 71
f0>10/Lw 0.32 > 10/20
nc (f0) > 200 454.4 > 200 ]
cA(f) <2 for 0.5f0<f<2f0 if f0>0.5Hz Exceeded 0 out of Iz[
GA(f) <3 for 0.5f0<f<2f0 if f0<0.5Hz 100 times
Criteri per un picco H/V chiaro
[almeno 5 su 6 dovrebbero essere soddisfatti]

Exists f in [f0/4, fO] | AH/V(f) < A0/2 0 Hz XI
Exists f* in [4f0, fO] | AH/V(f") < A0/2 0 Hz
AO> 2 1.24>2
fpeak [AH/V(f) + GA(f)] = fO + 5% 0.47574 < 0.05
of < g(f0) 0.069531 < 0.064
GA(f0) < B(f0) 0.7361365 < 2.5 ]

Lw Window lenght
nwW Number of windows used in the analysis
nc = Lw nW fO Number of significant cycles
f Current frequency
fo H/V peak frequency
of Standard deviation of H/V peak frequency
£(f0) Threshold value for the stability condition of < £(f0)
A0 H/V peak amplitude at frequency fO
AH/V(f) H/V curve amplitude at frequency f
f- Frequency between f0/4 and f0 for which AH/V(f-) < A0/2
f+ Frequency between f0 and 4f0 for which AH/V(f+) < A0/2
cA(f) Standard deviation of AH/V/(f), cA(f) is the factor by which the mean AH/V(f) curve should be multiplier or divided
clogH/V(f) Standard deviation of log AH/V(f) curve
0(f0) Threshold value for the stability condition cA(f) < 6(f0)
Thresold value for o and oa(fo)
Freq. Range [Hz] =02 0.2-05 0.5-1.0 1.0-2.0 =20
e(fo) (H=z) 0.25 fo 0.20 fo 0.15 fo 0.10 fo 0.05 fo
6(fo) for oa(fo) 3.00 2.50 2.00 1.78 1.58
Log 6(fo) for cwawv(fo) 0.48 0.40 0.30 0.25 0.20

In accordo con SESAME Guidelines 2005




ANALIS|I CONGIUNTA PROVA ESAC - HVSR

CLIENTE

CODICE LAVORO
CODICE PROVA

Comune di Mirandola

1538
Esacl

LOCALITA": Via Concordia - Mirandola
DATA PROVA: 13/01/2015
LONGITUDINE: 4973250.12 m
LATITUDINE: 662623.22 m

QUOTA (m.s.I.m.): 15

AZIMUT 45°

APPARECCHIATURA esac:
APPARECCHIATURA HvsRr:

N°CANALI
SPACING
RECORD TIME (min)
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ANALIS|I CONGIUNTA PROVA ESAC - HVSR

CLIENTE Comune di Mirandola

CODICE LAVORO 1538
CODICE PROVA Esacl

LOCALITA": Via Concordia - Mirandola
DATA PROVA: 13/01/2015
LONGITUDINE: 4973250.12 m
LATITUDINE: 662623.22 m

QUOTA (m.s.I.m.): 15

AZIMUT 45°

APPARECCHIATURA esac:
APPARECCHIATURA HvsRr:

N°CANALI
SPACING
RECORD TIME (min)

Geometrics GEODE
SARA SL 07

24

5m.

18

PROFILO VELOCITA ONDE

DI TAGLIO

4

Depth (m)

w
=}

60

&
T T T T T T T T
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o
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e}
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Vs {mfs)

IIZdlljlllllllll3dl0 IIIIIIIII 4dlD IIIIIIIII SEIDIIIIIIII

CALCOLO VS 30

Seismic classification of soils
(It. D.M. 14/01/2008)

SPESSORE | PROFONDITA' | Vs | SPESSORENs
2.64 0 117 0.022564103
3.68 2.64 193 0.019067358
38 6.32 203 0.018719212
19.88 10.12 215 0.092465116

30

VS = 196

0.152815788
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ANTENNA SISMICA (ESAC)

CLIENTE: Comune di Mirandola

CODICE LAVORO: 1538
CODICE PROVA: Esac2

LOCALITA": Via dell'Industria - Mirandola

DATA PROVA: 13/01/2015 TERRENO DI MISURA:
Coordinata est: 4973996.85 m SPACING:

Coordinata nord: 663807.63 m RECORD TIME (min):
QUOTA (m.s.I.m.): 14 CONDIZIONI METEO:

FOTO AEREA (Google Earth)

Naturale soffice
5m.

18

Sole
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\/-va-de“im dustrig

i i
| /mumm%“

FOTO AREA DI INDAGINE

R




ANTENNA SISMICA (ESAC)

CLIENTE Comune di Mirandola

CODICE LAVORO 1538
CODICE PROVA Esac2

LOCALITA": Via dell'Industria - Mirandola STRUMENTAZIONE Geometrics GEODE
DATA PROVA: 13/01/2015 N°CANALI 24

LONGITUDINE: 4973996.85 m SPACING 5m.

LATITUDINE: 663807.63 m RECORD TIME (min) 18

QUOTA (m.s.I.m.): 14 SAMPLING (Sec) 0.0

REGISTRAZIONE
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ANTENNA SISMICA ESAC

CLIENTE Comune di Mirandola

CODICE LAVORO 1538
CODICE PROVA Esac2

CURVE DI DISPERSIONE CORRIPONDENTI AD OGNI RINGS

rRJnglﬁomﬁmmllm Ring 2 from 11mto 16 m
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RAPPORTO SPETTRALE A STAZIONE SINGOLA (HVSR)

CLIENTE: Comune di Mirandola

CODICE LAVORO: 1538
CODICE PROVA: Esac2

[PARAMETRI DI ACQUISIZIONE | [PARAMETRI DI ELABORAZIONE |
Apparecchiatura di misura Sara SL 07 Windows lenght (sec) 20
Lunghezza registrazione 20 min Overlap 5%
Fine registrazione 00:00:00 Smoothing windows Konno & Ohmachi
Frequenza di campionamento 200 Hz Costant 40

Taper 0.5%
Low Pass 15 Hz
N° of windows 70

RECORD (Time)

RECORD (Frequenzy)

U 1 R RS RN 1 0 1 S T R A B T - D - S G

Freguency (Hz)

HORIZONTAL SPECTRUM ROTATE | | HV ROTATE RESULTS |
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Spectrum amplitude Hv




RAPPORTO SPETTRALE A STAZIONE SINGOLA (HVSR)

CLIENTE

CODICE LAVORO
CODICE PROVA

Comune di Mirandola

1538
Esac2

RAPPORTO SPETTRALE H/V

Max HVSR 0.23 £ 0.04 Hz. A0 =2.68

Frequency (Hz)

SPETTRO SINGOLE COMPONENTI

= e
£ 10000¢ \
g 3
5 ]
‘Q 1000+
- S
T 1 S IR A -
Frequency {(Hz)
Criteri per una curva H/V affidabile
[tutti 3 dovrebbero risultare soddisfatti]
fo 0.23
Lw 20
nw 71
f0>10/Lw 0.23 > 10/20
nc (f0) > 200 326.6 > 200 ¥
cA(f) <2 for 0.5f0<f<2f0 if f0>0.5Hz Exceeded 0 out of Iz[
oA(f) <3 for 0.5f0<f<2f0 if f0<0.5Hz 100 times
Criteri per un picco H/V chiaro
[almeno 5 su 6 dovrebbero essere soddisfatti]
Exists f in [f0/4, fO] | AH/V(f) < A0/2 0 Hz IXI
Exists f* in [4f0, fO] | AH/V(f) < AO/2 0 Hz
A0>2 2.68>2 ]
fpeak [AH/V(f) + cA(f)] = fO £ 5% <0.05 v1
of < &(f0) 0.049904 < 0.046
SA(f0) < B(f0) 0.77987 < 2.5 ¥
Lw Window lenght
nwW Number of windows used in the analysis
nc = Lw nW fO Number of significant cycles
f Current frequency
fo H/V peak frequency
of Standard deviation of H/V peak frequency
£(f0) Threshold value for the stability condition of < £(f0)
A0 H/V peak amplitude at frequency fO
AH/V(f) H/V curve amplitude at frequency f
f- Frequency between f0/4 and f0 for which AH/V(f-) < A0/2
f+ Frequency between f0 and 4f0 for which AH/V(f+) < A0/2
cA(f) Standard deviation of AH/V/(f), cA(f) is the factor by which the mean AH/V(f) curve should be multiplier or divided
clogH/V(f) Standard deviation of log AH/V(f) curve
0(f0) Threshold value for the stability condition cA(f) < 6(f0)
Thresold value for o and oa(fo)
Freq. Range [Hz] =02 0.2-05 0.5-1.0 1.0-2.0 =20
e(fo) (H=z) 0.25 fo 0.20 fo 0.15 fo 0.10 fo 0.05 fo
6(fo) for oa(fo) 3.00 2.50 2.00 1.78 1.58
Log 6(fo) for cwawv(fo) 0.48 0.40 0.30 0.25 0.20

In accordo con SESAME Guidelines 2005




ANALIS|I CONGIUNTA PROVA ESAC - HVSR

CLIENTE

CODICE LAVORO

CODICE PROVA E

sac2

Comune di Mirandola
1538

LOCALITA": Via dell'Industria - Mirandola APPARECCHIATURAEsac: Geometrics GEODE
DATA PROVA: 13/01/2015 APPARECCHIATURA tvsr:  SARA SL 07
LONGITUDINE: 4973996.85 m N°CANALI 24

LATITUDINE: 663807.63 m SPACING 5m.

QUOTA (m.s.I.m.): 14 RECORD TIME (min) 18

AZIMUT 45°

VERTICAL RINGS AUTOCORRELATION
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Freguency (Hz)
Ring 6 from 31 m to 36 m

Ring 2 from 11m to 16m

Autocorr ratio
= =
T SR

82
=1
[

0.4
' ELE-- R R
Freguency (Hz)
Ring 7 from 36 m to 41 m

Ring 3 from 16 m to 21m

Autocorr ratio

0.4

' T HEE 4 ED
Freguency {Hz)

Ring 8 from 41m to 46 m

Ring 4 from 21 m to 26 m

Autocorr ratio

0.0—

0.4

TR Y ED

Freguency (Hz)
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ANALIS|I CONGIUNTA PROVA ESAC - HVSR

CLIENTE Comune di Mirandola

CODICE LAVORO 1538
CODICE PROVA Esac2

LOCALITA": Via dell'Industria - Mirandola APPARECCHIATURAEsac: Geometrics GEODE
DATA PROVA: 13/01/2015 APPARECCHIATURA tvsr:  SARA SL 07
LONGITUDINE: 4973996.85 m N°CANALI 24

LATITUDINE: 663807.63 m SPACING 5m.

QUOTA (m.s.I.m.): 14 RECORD TIME (min) 18

AZIMUT 45°

PROFILO VELOCITA ONDE DI TAGLIO

=] c
[ I A R N R R B R B S A |

=]
1

L
=}

Depth (m)

&

w
=}

@
=]

Vs (m/s)

CALCOLO VS 30

SPESSORE | PROFONDITA' | Vs | SPESSORENs
185 0 91 0.02032967
8.27 185 i 0.048362573
12.03 10.12 203 0.059261084
7.85 22.15 285 0.02754386

30

0.155497187
VS = 193
Seismic classification of soils
(It. D.M. 14/01/2008) ‘




ANTENNA SISMICA (ESAC)

CLIENTE: Comune di Mirandola

CODICE LAVORO: 1538
CODICE PROVA: Esac3

LOCALITA": Via Nicold De Conti - Mirandola

DATA PROVA: 13/01/2015 TERRENO DI MISURA:
Coordinata est: 4972741.47 m SPACING:

Coordinata nord: 665552.74 m RECORD TIME (min):
QUOTA (m.s.I.m.): 14 CONDIZIONI METEO:

FOTO AEREA (Google Earth)

Naturale soffice
5m.

18

Sole

ek

FOTO AREA DI INDAGINE




CLIENTE

ANTENNA SISMICA (ESAC)

Comune di Mirandola

CODICE LAVORO 1538
CODICE PROVA Esac3
LOCALITA": Via Nicolo De Conti - Mirandola STRUMENTAZIONE Geometrics GEODE
DATA PROVA: 13/01/2015 N°CANALI 24
LONGITUDINE: 497274147 m SPACING 5m.
LATITUDINE: 665552.74 m RECORD TIME (min) 18
QUOTA (m.s.I.m.): 14 SAMPLING (Sec) 0.0
REGISTRAZIONE
z & L
7 5 u
= PO B
= o . &= &
¥ Ly F|
% L & 1T s
e : - e S =
. - - + ! ' p o i p
T I i Iy ) M a 1 i
Lok} —r ok v + T oo
Z -;. : . _*: % — > : =5 - + I: et L
o Yam T TEEm Y3 Cam “wEm T dm Tadm " 4dm
Time
PLANIMETRIA ARRAY I CO-ARRAY E RINGS
RD.IZ
RD.ll
R{:lﬂ
0 R
ROGS
i% RC:O?
e RQI3 RO14 RIS RO16 ROI7 ROIS ROI9 RO20 RO21 RO22 RO23 RO24
E il
3 0 ROOS
Rio+
RD.D3
R{:OZ
o ROOL

E

Longitudine relativa

% (m)




ANTENNA SISMICA ESAC

CLIENTE Comune di Mirandola

CODICE LAVORO 1538
CODICE PROVA Esac3

CURVE DI DISPERSIONE CORRIPONDENTI AD OGNI RINGS

Ring 1from6mto 11m Ring 2 from 11m to 16 m

o o o
[=i]
it

Autocorr ratio
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Uy gl gl e U ol ol e
Frequency (Hz) Freguency (Hz)
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CUMULATA DELLE CURVE DI DISPERSIONE DEI RINGS E RELATIVO PICKING PER INDIVIRNUARNE LE FASI PIU SIGNIFICATIVE
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RAPPORTO SPETTRALE A STAZIONE SINGOLA (HVSR)

CLIENTE:

CODICE LAVORO:
CODICE PROVA:

Comune di Mirandola

1538

Esac3

[PARAMETRI DI ACQUISIZIONE

[PARAMETRI DI ELABORAZIONE

Apparecchiatura di misura Sara SL 07 Windows lenght (sec) 20
Lunghezza registrazione 20 min Overlap 5%
Fine registrazione 00:00:00 Smoothing windows Konno & Ohmachi
Frequenza di campionamento 200 Hz Costant 40
Taper 0.5%
Low Pass 15 Hz
N° of windows 72
RECORD (Time)
L s L
r ' a
" " i [
| ! 1
i N [
Ir ) [
5o ah ah tn © tdm B 24n
RECORD (Frequenzy)
't o2 ols ol bl el B e 3 L AR A Bt 1 2 TR SRR (Y L SRR SR LA

Frequency (Hz)

HORIZONTAL SPECTRUM ROTATE

B

oo
D

Azimuth (deqgreeas)

ISDI | |

02 oed 2 4'6Eb 2

1 0.2 [1438

Freguency (Hz)
! ' '10300 20!00

Spectrum amplitude

-

Azimuth {deqgress)

AiW

UL b

1l gl
Freguency {Hz)

Hv




RAPPORTO SPETTRALE A STAZIONE SINGOLA (HVSR)

CLIENTE Comune di Mirandola
CODICE LAVORO 1538
CODICE PROVA Esac3

RAPPORTO SPETTRALE H/V

Max HVSR 0.32 £ 0.06 Hz. AQ = 2.67

Frequency (Hz)

SPETTRO SINGOLE COMPONENTI

Lo

COMPOMNENTE VERTICALE
COMPOMNEMNTE NORD

g 10000= COMPONENTE EST
R
E ]
f‘,:- 1EIUEI—§
T5E B T A R T - R
Freguency (Hz)
Criteri per una curva H/V affidabile
[tutti 3 dovrebbero risultare soddisfatti]
fo 0.32
Lw 20
nw 71
f0>10/Lw 0.32 > 10/20
nc (f0) > 200 454.4 > 200 ]
cA(f) <2 for 0.5f0<f<2f0 if f0>0.5Hz Exceeded 0 out of Iz[
oA(f) <3 for 0.5f0<f<2f0 if f0<0.5Hz 100 times
Criteri per un picco H/V chiaro
[almeno 5 su 6 dovrebbero essere soddisfatti]
Exists f in [f0/4, fO] | AH/V(f) < A0/2 0 Hz IXI
Exists f* in [4f0, fO] | AH/V(f) < AO/2 0 Hz
A0>2 2.67>2 ]
fpeak [AH/V(f) + oA(f)] = fO + 5% <0.05 v1
of < &(f0) 0.064605 < 0.064
SA(f0) < B(f0) 0.93423 < 2.5 ¥
Lw Window lenght
nwW Number of windows used in the analysis
nc = Lw nW fO Number of significant cycles
f Current frequency
fo H/V peak frequency
of Standard deviation of H/V peak frequency
£(f0) Threshold value for the stability condition of < £(f0)
A0 H/V peak amplitude at frequency fO
AH/V(f) H/V curve amplitude at frequency f
f- Frequency between f0/4 and f0 for which AH/V(f-) < A0/2
f+ Frequency between f0 and 4f0 for which AH/V(f+) < A0/2
cA(f) Standard deviation of AH/V/(f), cA(f) is the factor by which the mean AH/V(f) curve should be multiplier or divided
clogH/V(f) Standard deviation of log AH/V(f) curve
0(f0) Threshold value for the stability condition cA(f) < 6(f0)
Thresold value for o and oa(fo)
Freq. Range [Hz] =02 0.2-05 0.5-1.0 1.0-2.0 =20
e(fo) (H=z) 0.25 fo 0.20 fo 0.15 fo 0.10 fo 0.05 fo
6(fo) for oa(fo) 3.00 2.50 2.00 1.78 1.58
Log 6(fo) for cwawv(fo) 0.48 0.40 0.30 0.25 0.20

In accordo con SESAME Guidelines 2005




ANALIS|I CONGIUNTA PROVA ESAC - HVSR

CLIENTE

Comune di Mirandola

CODICE LAVORO 1538

CODICE PROVA Esac3

LOCALITA": Via Nicolo De Conti - Mirandola APPARECCHIATURAEsac: Geometrics GEODE
DATA PROVA: 13/01/2015 APPARECCHIATURA tvsr:  SARA SL 07
LONGITUDINE: 497274147 m N°CANALI 24

LATITUDINE: 665552.74 m SPACING 5m.

QUOTA (m.s.I.m.): 14 RECORD TIME (min) 18

AZIMUT 45°

VERTICAL RINGS AUTOCORRELATION
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ANALIS|I CONGIUNTA PROVA ESAC - HVSR

CLIENTE Comune di Mirandola

CODICE LAVORO 1538
CODICE PROVA Esac3

LOCALITA": Via Nicolo De Conti - Mirandola APPARECCHIATURAEsac: Geometrics GEODE
DATA PROVA: 13/01/2015 APPARECCHIATURA tvsr:  SARA SL 07
LONGITUDINE: 497274147 m N°CANALI 24

LATITUDINE: 665552.74 m SPACING 5m.

QUOTA (m.s.I.m.): 14 RECORD TIME (min) 18

AZIMUT 45°

PROFILO VELOCITA ONDE DI TAGLIO

]

Depth {m)

w
=}

@
=}

Vs (m/fs)

CALCOLO VS 30

SPESSORE | PROFONDITA' | Vs | SPESSORENs
12 0 75 0.016
071 12 120 0.005916667
115 191 139 0.082733813
16.59 13.41 248 0.066895161

30

0.171545641

Vs = 175

Seismic classification of soils
(It. D.M. 14/01/2008) D




ANTENNA SISMICA (ESAC)

CLIENTE: Comune di Mirandola

CODICE LAVORO: 1538
CODICE PROVA: Esac4

LOCALITA": Via Nazioni Unite - Mirandola

DATA PROVA: 13/01/2015 TERRENO DI MISURA: Naturale soffice
Coordinata est: 664261.78 m SPACING: 5m.
Coordinata nord: 4971900.00 m RECORD TIME (min): 18

QUOTA (m.s.I.m.): 15 CONDIZIONI METEO: Sole

FOTO AEREA (Google Earth)

"

Uaili Tis

—— I




CLIENTE

CODICE LAVORO
CODICE PROVA

LOCALITA":
DATA PROVA:
LONGITUDINE:
LATITUDINE:
QUOTA (m.s.l.m.):

ANTENNA SISMICA (ESAC)

Comune di Mirandola

1538
Esac4

Via Nazioni Unite - Mirandola

13/01/2015
664261.78 m
4971900.00 m
15

STRUMENTAZIONE
N°CANALI

SPACING

RECORD TIME (min)
SAMPLING (Sec)

Geometrics GEODE
24

5m.

18

0.0

REGISTRAZIONE
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ANTENNA SISMICA ESAC

CLIENTE Comune di Mirandola

CODICE LAVORO 1538
CODICE PROVA Esac4

CURVE DI DISPERSIONE CORRIPONDENTI AD OGNI RINGS

Ring 1from&mto 11m Ring 2 from 11m to 16 m
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CUMULATA DELLE CURVE DI DISPERSIONE DEI RINGS E RELATIVO PICKING PER INDIVIRNUARNE LE FASI PIU SIGNIFICATIVE
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RAPPORTO SPETTRALE A STAZIONE SINGOLA (HVSR)

CLIENTE: Comune di Mirandola

CODICE LAVORO: 1538
CODICE PROVA: Esac4

[PARAMETRI DI ACQUISIZIONE | [PARAMETRI DI ELABORAZIONE |
Apparecchiatura di misura Sara SL 07 Windows lenght (sec) 20
Lunghezza registrazione 20 min Overlap 5%
Fine registrazione 00:00:00 Smoothing windows Konno & Ohmachi
Frequenza di campionamento 200 Hz Costant 40
Taper 0.5%
Low Pass 15 Hz
N° of windows 65

RECORD (Time)

z
E:

RECORD (Frequenzy)
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RAPPORTO SPETTRALE A STAZIONE SINGOLA (HVSR)

CLIENTE Comune di Mirandola
CODICE LAVORO 1538
CODICE PROVA Esac4

RAPPORTO SPETTRALE H/V

Max HVSR 0.42 + 0.08 Hz. A0 =3.2

Frequency (Hz)

SPETTRO SINGOLE COMPONENTI

£
H
4
4
4

2
2 10000=
R
E ]
‘g 1000=
kS F I T
Freguency {Hz)
Criteri per una curva H/V affidabile
[tutti 3 dovrebbero risultare soddisfatti]
fo 0.42
Lw 20
nw 71
f0>10/Lw 0.42 > 10/20
nc (f0) > 200 596.4 > 200 M
cA(f) <2 for 0.5f0<f<2f0 if f0>0.5Hz Exceeded 0 out of Iz[
oA(f) <3 for 0.5f0<f<2f0 if f0<0.5Hz 100 times
Criteri per un picco H/V chiaro
[almeno 5 su 6 dovrebbero essere soddisfatti]
Exists f in [f0/4, fO] | AH/V(f) < A0/2 0 Hz IXI
Exists f* in [4f0, fO] | AH/V(f) < AO/2 1.68 Hz |
A0>2 32>2 ]
fpeak [AH/V(f) + cA(f)] = fO £ 5% <0.05 v1
of < &(f0) 0.083362 < 0.084 ¥
SA(f0) < B(f0) 1.00143<25 ¥
Lw Window lenght
nwW Number of windows used in the analysis
nc = Lw nW fO Number of significant cycles
f Current frequency
fo H/V peak frequency
of Standard deviation of H/V peak frequency
£(f0) Threshold value for the stability condition of < £(f0)
A0 H/V peak amplitude at frequency fO
AH/V(f) H/V curve amplitude at frequency f
f- Frequency between f0/4 and f0 for which AH/V(f-) < A0/2
f+ Frequency between f0 and 4f0 for which AH/V(f+) < A0/2
cA(f) Standard deviation of AH/V/(f), cA(f) is the factor by which the mean AH/V(f) curve should be multiplier or divided
clogH/V(f) Standard deviation of log AH/V(f) curve
0(f0) Threshold value for the stability condition cA(f) < 6(f0)
Thresold value for o and oa(fo)
Freq. Range [Hz] =02 0.2-05 0.5-1.0 1.0-2.0 =20
e(fo) (H=z) 0.25 fo 0.20 fo 0.15 fo 0.10 fo 0.05 fo
6(fo) for oa(fo) 3.00 2.50 2.00 1.78 1.58
Log 6(fo) for cwawv(fo) 0.48 0.40 0.30 0.25 0.20

In accordo con SESAME Guidelines 2005




ANALIS|I CONGIUNTA PROVA ESAC - HVSR

CLIENTE

CODICE LAVORO
CODICE PROVA

LOCALITA"
DATA PROVA:
LONGITUDINE:
LATITUDINE:
QUOTA (m.s.I.m.):
AZIMUT

Comune di Mirandola

1538
Esac4

Via Nazioni Unite - Mirandola

APPARECCHIATURA esac:

13/01/2015 APPARECCHIATURA vsr:
664261.78 m N°CANALI

4971900.00 m SPACING

15 RECORD TIME (min)

45°

Geometrics GEODE
SARA SL 07

24

5m.

18
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ANALIS|I CONGIUNTA PROVA ESAC - HVSR

CLIENTE Comune di Mirandola

CODICE LAVORO 1538
CODICE PROVA Esac4

LOCALITA": Via Nazioni Unite - Mirandola APPARECCHIATURA esac:
DATA PROVA: 13/01/2015 APPARECCHIATURA Hvsr:
LONGITUDINE: 664261.78 m N°CANALI

LATITUDINE: 4971900.00 m SPACING

QUOTA (m.s.I.m.): 15 RECORD TIME (min)
AZIMUT 45°

Geometrics GEODE
SARA SL 07

24

5m.

18

PROFILO VELOCITA ONDE DI TAGLIO

[+

=1

Depth (m)
epth (m s

w
=]

a0

B0

)
=1

IIEID IIIIIIIII ZdIU“IIIIIII3dID””””I4dID IIIIIIIII SdlU

Vs (mys)

CALCOLO VS 30

VS =

Seismic classification of soils
(It. D.M. 14/01/2008)

C

SPESSORE | PROFONDITA' | Vs | SPESSORENs
1.05 0 109 0.009633028
2.03 1.05 179 0.011340782
10.35 3.08 182 0.056868132
16.57 13.43 300 0.055233333

30

0.133075275

225




ANTENNA SISMICA (ESAC)

CLIENTE: Comune di Mirandola

CODICE LAVORO: 1538
CODICE PROVA: Esac5

LOCALITA": Via Valnemorosa - San Martino Spino

DATA PROVA: 13/01/2015 TERRENO DI MISURA:
Coordinata est: 676176.30 m SPACING:

Coordinata nord: 4978096.72 m RECORD TIME (min):
QUOTA (m.s.I.m.): 9 CONDIZIONI METEO:

FOTO AEREA (Google Earth)

Naturale soffice
5m.

18

Sole

&

P
&
[oX
L
L

rSan_Martino Spino

FOTO AREA DI INDAGINE




ANTENNA SISMICA (ESAC)

CLIENTE Comune di Mirandola

CODICE LAVORO 1538
CODICE PROVA Esac5

LOCALITA": Via Valnemorosa - San Martino Spino STRUMENTAZIONE Geometrics GEODE
DATA PROVA: 13/01/2015 N°CANALI 24

LONGITUDINE: 676176.30 m SPACING 5m.

LATITUDINE: 4978096.72 m RECORD TIME (min) 18

QUOTA (m.s.I.m.): 9 SAMPLING (Sec) 0.0

REGISTRAZIONE
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ANTENNA SISMICA ESAC

CLIENTE Comune di Mirandola

CODICE LAVORO 1538
CODICE PROVA Esac5

CURVE DI DISPERSIONE CORRIPONDENTI AD OGNI RINGS

Ring i from&mto 1im Ring 2 from 1imto 16 m
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RAPPORTO SPETTRALE A STAZIONE SINGOLA (HVSR)

CLIENTE: Comune di Mirandola

CODICE LAVORO: 1538
CODICE PROVA: Esac5

[PARAMETRI DI ACQUISIZIONE | [PARAMETRI DI ELABORAZIONE |
Apparecchiatura di misura Sara SL 07 Windows lenght (sec) 20
Lunghezza registrazione 20 min Overlap 5%
Fine registrazione 00:00:00 Smoothing windows Konno & Ohmachi
Frequenza di campionamento 200 Hz Costant 40

Taper 0.5%
Low Pass 15 Hz
N° of windows 50

RECORD (Time)

N T T S T T A T T R T I R

Frequency (Hz)

HORIZONTAL SPECTRUM ROTATE | | HV ROTATE RESULTS

150— 16[]— " I
Tg"un ’gun
£ g .
e BD = :
E g
3 E |

L L i' ”4“%”§"'b o 1Tl ey i. J}ééb o
Frequency (Hz) Frequency {(Hz)
4000 8000 12000 o ol os 12 1s 20
Spectrum amplitude Hyv




RAPPORTO SPETTRALE A STAZIONE SINGOLA (HVSR)

CLIENTE Comune di Mirandola
CODICE LAVORO 1538
CODICE PROVA Esac5

RAPPORTO SPETTRALE H/V

Max HVSR 0.28 £ 0.05 Hz. A0 =2.22

R I
Frequency (Hz)

SPETTRO SINGOLE COMPONENTI

£
£
H
H
£

|

COMPOMENTE VERTICALE
COMPOMENTE NORD

% 10000= COMPONENTE EST
g =
S ]
E, 1000
T 02 T I S T
Frequency (Hz)
Criteri per una curva H/V affidabile
[tutti 3 dovrebbero risultare soddisfatti]
fo 0.28
Lw 20
nw 71
f0>10/Lw 0.28 > 10/20
nc (f0) > 200 397.6 > 200 ¥
cA(f) <2 for 0.5f0<f<2f0 if f0>0.5Hz Exceeded 0 out of Iz[
cA(f) <3 for 0.5f0<f<2f0 if f0<0.5Hz 100 times
Criteri per un picco H/V chiaro
[almeno 5 su 6 dovrebbero essere soddisfatti]
Exists f in [f0/4, fO] | AH/V(f) < A0/2 0 Hz IXI
Exists f* in [4f0, fO] | AH/V(f) < AO/2 0 Hz
A0>2 222>2 ]
fpeak [AH/V(f) + cA(f)] = fO £ 5% <0.05 v1
of < g(f0) 0.054068 < 0.056 v1
cA(f0) < 8(f0) 0.742255< 2.5 V]
Lw Window lenght
nwW Number of windows used in the analysis
nc = Lw nW fO Number of significant cycles
f Current frequency
fo H/V peak frequency
of Standard deviation of H/V peak frequency
£(f0) Threshold value for the stability condition of < £(f0)
A0 H/V peak amplitude at frequency fO
AH/V(f) H/V curve amplitude at frequency f
f- Frequency between f0/4 and f0 for which AH/V(f-) < A0/2
f+ Frequency between f0 and 4f0 for which AH/V(f+) < A0/2
cA(f) Standard deviation of AH/V/(f), cA(f) is the factor by which the mean AH/V(f) curve should be multiplier or divided
clogH/V(f) Standard deviation of log AH/V(f) curve
0(f0) Threshold value for the stability condition cA(f) < 6(f0)
Thresold value for o and oa(fo)
Freq. Range [Hz] =02 0.2-05 0.5-1.0 1.0-2.0 =20
e(fo) (H=z) 0.25 fo 0.20 fo 0.15 fo 0.10 fo 0.05 fo
6(fo) for oa(fo) 3.00 2.50 2.00 1.78 1.58
Log 6(fo) for cwawv(fo) 0.48 0.40 0.30 0.25 0.20

In accordo con SESAME Guidelines 2005




ANALIS|I CONGIUNTA PROVA ESAC - HVSR

CLIENTE Comune di Mirandola

CODICE LAVORO 1538
CODICE PROVA Esac5

LOCALITA" Via Valnemorosa - San Martino Spino APPARECCHIATURAEsac:  Geometrics GEODE
DATA PROVA: 13/01/2015 APPARECCHIATURA tvsr:  SARA SL 07
LONGITUDINE: 676176.30 m N°CANALI 24

LATITUDINE: 4978096.72 m SPACING 5m.

QUOTA (m.s.I.m.): 9 RECORD TIME (min) 18

AZIMUT 45°

VERTICAL RINGS AUTOCORRELATION

Ring 1from 6mto 11m Ring 2 from 11m to 16m Ring 3 from 16 m to 21m Ring 4 from 21 m to 26m Ring 5 from 26 m to 31 m
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ANALIS|I CONGIUNTA PROVA ESAC - HVSR

CLIENTE Comune di Mirandola

CODICE LAVORO 1538
CODICE PROVA Esac5

LOCALITA": Via Valnemorosa - San Martino Spino
DATA PROVA: 13/01/2015

LONGITUDINE: 676176.30 m

LATITUDINE: 4978096.72 m

QUOTA (m.s.I.m.): 9

AZIMUT 45°

APPARECCHIATURA esac:
APPARECCHIATURA HvsRr:

N°CANALI
SPACING

RECORD TIME (min)

Geometrics GEODE
SARA SL 07

24

5m.

18

PROFILO VELOCITA ONDE DI TAGLIO

c

s T

=
=1

2=
30—
E -
£90-
g2 -
e 7
50—
60—
7
80__|||||||||||||||||||||||||||||||||||||||||||||
1do 2do zdo 4do sdo
Vs (m/s)
CALCOLO VS 30

SPESSORE | PROFONDITA' | Vs | SPESSORENs

215 0 % 0.022395833

113 215 152 0.007434211

4.65 3.28 163 0.028527607

22.07 7.93 253 0.087233202

30

VSzo

Seismic classification of soils
(It. D.M. 14/01/2008)

C

0.145590853

206




Distance (m)
1000 14.00 18.00 2200 26.00 30.00 3600 40.00 44.00 48.00 5200 56.00
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Depth time (ms)

1118.04

1304.04

149304

16790 |

1864.0 |

20400 |

Vg3 calcolata in base al art. 3.2.2. del NTCO08

Prof. posa fondazione in m da pc= 0

Vg o 185 ml/sec

30 -

PROFONDITA' FONDAZIONE COMUNICATA DAL
PROGETTISTA/COMMITTENTE

Sismogramma nel dominio spazio - tempo

087 098 109 120 131 142 153 164 175
WaveNumber (rad/m)

Spettro FK - Rappresentazione del sismogramma nel dominio numero d'onda - frequenza
192

1857
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1737
1677

161

,_A
=
=4

,_A
I~
&

R-Wave Velocity (m/s)
=
8

,_.
e}
&

130

124

18]

1 |
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w |
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Frequency (Hz)

Vs Velocita (m/s)
0 100 200 300 400

10

Profondita (m)
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24

26

28

30

Risultati elaborazione

Strato Profondita Spessore Vel
da a m

Strato1 0,00 0,95 0,95 128
Strato2 0,95 1,94 0,99 95
Strato3 1,94 3,53 1,59 104
Strato4 3,53 5,00 1,47 129
Strato5 5,00 12,09 7,09 171
Strato6 12,09 14,02 1,93 180
Strato7 14,02 20,82 6,80 238
Strato8 20,82 30,00 9,18 248

VSSO — Lh

Z_ i

i=1,N Vs,

VS33= 185 m/sec

velocita calcolata dal p.c. naturale

Si ricorda che in base all’art 3.2.2 del DM 14 gennaio 2008

la_Vs 30 di progetto é riferita al piano_di imposta_delle

fondazioni superficiali o alla testa dei pali in caso di

fondazioni profonde od opere di sostegno di terreni naturali.

Caratteristiche Indagine

Ubicazione indagine

Sismografo PASI SG24
Geofoni Geospace

N° geofoni a 4,5Hz 24

Spaziatura geofoni 2,0 m
Lunghezza stendimento geofonico 46 m
Energizzazione 10 m
Lunghezza totale stendimento 56 m

PROSPEZIONE SISMICA DI SUPERFICIE
METODOLOGIA MASW

COMMITTENTE:
Comune di Mirandola (MO)

LOCALITA"
Mirandola (MO)

CANTIERE:
PSC via Bosco

DATA: Febbraio 2015
FILE: MW_Mirandola Via S. Cattania, 1/a
Dir. Lavori: 41012 Carpi (MO)

Dr. Geol. Gabriele Tarabusi info@tecnogeofisica.com

IRif. 012_15
-

www.tecnogeofisica.com

Sovrapposizione curva di dispersione calcolata /curva teorica rappresentata nel dominio Frequenza/Velocita

Grafico velocita/profondita onde di taglio Vs

m/sec

TECNOGEOFISICA snc
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Studio di Geologia Tarabusi - Bologna

TROMINO® Grilla

www.tromino.eu

MIRANDOLA PSC, HVSR1 (Area ANS_2.2)

Instrument:  TRS-0025/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 26/01/15 10:44:08 End recording: 26/01/15 11:04:09
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

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. HA at 0.84 + 0.33 Hz. (In the range 0.0 - 20.0 Hz).

7 — Average HV |

AdH
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Studio di Geologia Tarabusi - Bologna

TROMINO® Grilla

www.tromino.eu

SINGLE COMPONENT SPECTRA

107
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Studio di Geologia Tarabusi - Bologna

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 0.84 + 0.33 Hz (in the range 0.0 - 20.0 Hz).

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

fo>10/Lw 0.84 > 0.50

nc(fo) > 200 826.9 > 200

oa(f) < 2 for 0.5fp <
oa(f) <3 for 0.5fp <

f < 2foif fo>0.5Hz Exceeded 0 out of 42 times
f < 2fgif fo <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?) <Ao/2 NO
Exists f*in [fo, 4fo] | Aunv(f*) < Ao/ 2 2.063 Hz
Ao >2 212>2
fpeak[Ann(f) + oa(f)] = fox 5% |0.39046]| < 0.05 NO
of < g(fo) 0.32945 < 0.12656 NO
oa(fo) < 0(fo) 0.2814 < 2.0
Lw window length
Nw number of windows used in the analysis
Nc = Lw nwfo 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 ot < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f+ frequency between fo and 4fo for which Ann(f *) < Ao/2
oa(f) standard deviation of Ann(f), oa(f) is the factor by which the mean Ann(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(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 0.2-05 05-1.0 1.0-2.0 >2.0
g(fo) [HZz] 0.25fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for GiogHv(fo) 0.48 0.40 0.30 0.25 0.20

HVSR1 -3




Studio di Geologia Tarabusi - Bologna
TROMINO® Grilla

www.tromino.eu

MIRANDOLA PSC, HVSR2 (Area ASP_N1)

Instrument:  TEN-0029/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 26/01/15 10:11:07 End recording: 26/01/15 10:31:08
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analyzed 82% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HA at 0.97 £ 0.26 Hz. (In the range 0.0 - 20.0 Hz).

7 — Average HV |
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Studio di Geologia Tarabusi - Bologna

TROMINO® Grilla

www.tromino.eu

SINGLE COMPONENT SPECTRA
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Studio di Geologia Tarabusi - Bologna

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 0.97 + 0.26 Hz (in the range 0.0 - 20.0 Hz).

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

fo>10/Lw 0.97 > 0.50

nc(fo) > 200 910.6 > 200

oa(f) < 2 for 0.5fp <
oa(f) <3 for 0.5fp <

f < 2foif fo>0.5Hz Exceeded 0 out of 48 times
f < 2fgif fo <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?) <Ao/2 NO
Exists f*in [fo, 4fo] | Aunv(f*) < Ao/ 2 2.063 Hz
Ao >2 221>2
fpeak[Ann(f) + oa(f)] = fox 5% |0.27279] < 0.05 NO
of < g(fo) 0.26426 < 0.14531 NO
ca(fo) < 0(fo) 0.2709< 2.0
Lw window length
Nw number of windows used in the analysis
Nc = Lw nwfo 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 ot < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f+ frequency between fo and 4fo for which Ann(f *) < Ao/2
oa(f) standard deviation of Ann(f), oa(f) is the factor by which the mean Ann(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(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 0.2-05 05-1.0 1.0-2.0 >2.0
g(fo) [HZz] 0.25fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for GiogHv(fo) 0.48 0.40 0.30 0.25 0.20

HVSR2 - 3




Studio di Geologia Tarabusi - Bologna
TROMINO® Grilla

www.tromino.eu

MIRANDOLA PSC, HVSR3 (Area ASP_N4)

Instrument:  TRS-0025/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 26/01/15 10:12:51 End recording: 26/01/15 10:32:52
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analyzed 83% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HA at 0.91 £ 0.23 Hz. (In the range 0.0 - 20.0 Hz).
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Studio di Geologia Tarabusi - Bologna

TROMINO® Grilla

www.tromino.eu

SINGLE COMPONENT SPECTRA
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Studio di Geologia Tarabusi - Bologna

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 0.91 + 0.23 Hz (in the range 0.0 - 20.0 Hz).

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

fo>10/Lw 0.91 > 0.50

ne(fo) > 200 870.0 > 200

oa(f) < 2 for 0.5fp <
oa(f) <3 for 0.5fp <

f < 2foif fo>0.5Hz Exceeded 0 out of 44 times
f < 2fgif fo <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?) <Ao/2 NO
Exists f*in [fo, 4fo] | Aunv(f*) < Ao/ 2 1.844 Hz
Ao >2 241>2
fpeak[Ann(f) + oa(f)] = fox 5% |0.2566| < 0.05 NO
of < g(fo) 0.23254 < 0.13594 NO
ca(fo) < 0(fo) 0.3027 < 2.0
Lw window length
Nw number of windows used in the analysis
Nc = Lw nwfo 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 ot < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f+ frequency between fo and 4fo for which Ann(f *) < Ao/2
oa(f) standard deviation of Ann(f), oa(f) is the factor by which the mean Ann(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(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 0.2-05 05-1.0 1.0-2.0 >2.0
g(fo) [HZz] 0.25fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for GiogHv(fo) 0.48 0.40 0.30 0.25 0.20

HVSRS3 - 3
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MIRANDOLA PSC, HVSR4 (Area ASP_N5)

Instrument:  TEN-0029/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 26/01/15 09:41:43 End recording: 26/01/15 10:01:44
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

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. HA at 0.91 £ 0.27 Hz. (In the range 0.0 - 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 0.91 + 0.27 Hz (in the range 0.0 - 20.0 Hz).

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

fo>10/Lw 0.91 > 0.50

nc(fo) > 200 942.5 > 200

oa(f) < 2 for 0.5fp <
oa(f) <3 for 0.5fp <

f < 2foif fo>0.5Hz Exceeded 0 out of 44 times
f < 2fgif fo <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?) <Ao/2 NO
Exists f*in [fo, 4fo] | Aunv(f*) < Ao/ 2 2.219Hz
Ao >2 2.03>2
fpeak[Ann(f) + oa(f)] = fox 5% |0.29509| < 0.05 NO
of < g(fo) 0.26742 < 0.13594 NO
ca(fo) < 0(fo) 0.2501 < 2.0
Lw window length
Nw number of windows used in the analysis
Nc = Lw nwfo 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 ot < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f+ frequency between fo and 4fo for which Ann(f *) < Ao/2
oa(f) standard deviation of Ann(f), oa(f) is the factor by which the mean Ann(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(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 0.2-05 05-1.0 1.0-2.0 >2.0
g(fo) [HZz] 0.25fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for GiogHv(fo) 0.48 0.40 0.30 0.25 0.20

HVSR4 - 3
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MIRANDOLA PSC, HVSRS5 (Area ANS_1.7)

Instrument:  TEN-0029/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 26/01/15 09:11:27 End recording: 26/01/15 09:31:28
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analyzed 83% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HA at 1.03 £ 0.39 Hz. (In the range 0.0 - 20.0 Hz).

7 — Average HV |

0
0.1 1 10
frequency [Hz]

H/V TIME HISTORY DIRECTIONAL H/V

v :
9 7
" .
7 10" 2
E -
5
4 Fqeo | e — 1
3
2 — —
1
i 107

0 2 4 6 8 10 12 14 16 18 20 0° 45° a0° 135" 180°

min azimuth

HVSRS -1



Studio di Geologia Tarabusi - Bologna

TROMINO® Grilla

www.tromino.eu

SINGLE COMPONENT SPECTRA

107
m— -5 component
102 ) — -V component
| lp-Diown component
1072 El
3
oy
10 T
(=]
1075
10*
01 1 10

frequency [Hz]

HVSRS -2



Studio di Geologia Tarabusi - Bologna

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 1.03 + 0.39 Hz (in the range 0.0 - 20.0 Hz).

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

fo>10/Lw 1.03 > 0.50

nc(fo) > 200 990.0 > 200

oa(f) < 2 for 0.5fp <
oa(f) <3 for 0.5fp <

f < 2foif fo>0.5Hz Exceeded 0 out of 50 times
f < 2fgif fo <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?) <Ao/2 NO
Exists f*in [fo, 4fo] | Aunv(f*) < Ao/ 2 2.313Hz
Ao >2 233>2
fpeak[Ann(f) + oa(f)] = fox 5% |0.38108| < 0.05 NO
o < g(fo) 0.39299 < 0.10313 NO
ca(fo) < 0(fo) 0.3159<1.78
Lw window length
Nw number of windows used in the analysis
Nc = Lw nwfo 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 ot < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f+ frequency between fo and 4fo for which Ann(f *) < Ao/2
oa(f) standard deviation of Ann(f), oa(f) is the factor by which the mean Ann(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(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 0.2-05 05-1.0 1.0-2.0 >2.0
g(fo) [HZz] 0.25fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for GiogHv(fo) 0.48 0.40 0.30 0.25 0.20

HVSRS -3
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MIRANDOLA PSC, HVSR6 (Area ASP_N7)

Instrument:  TRS-0025/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 26/01/15 09:03:44 End recording: 26/01/15 09:23:45
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analyzed 82% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HA at 0.78 £ 0.29 Hz. (In the range 0.0 - 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 0.78 + 0.29 Hz (in the range 0.0 - 20.0 Hz).

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

fo>10/Lw 0.78 > 0.50

ne(fo) > 200 750.0 > 200

oa(f) < 2 for 0.5fp <
oa(f) <3 for 0.5fp <

f < 2foif fo>0.5Hz Exceeded 0 out of 38 times
f < 2fgif fo <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?) <Ao/2 NO
Exists f*in [fo, 4fo] | Aunv(f*) < Ao/ 2 2.219Hz
Ao >2 213>2
fpeak[Ann(f) + oa(f)] = fox 5% |0.37234| < 0.05 NO
o < g(fo) 0.29089 < 0.11719 NO
oa(fo) < 0(fo) 0.2997 < 2.0
Lw window length
Nw number of windows used in the analysis
Nc = Lw nwfo 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 ot < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f+ frequency between fo and 4fo for which Ann(f *) < Ao/2
oa(f) standard deviation of Ann(f), oa(f) is the factor by which the mean Ann(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(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 0.2-05 05-1.0 1.0-2.0 >2.0
g(fo) [HZz] 0.25fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for GiogHv(fo) 0.48 0.40 0.30 0.25 0.20
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MIRANDOLA PSC, HVSR7 (Area ANS_2.7)

Instrument:  TRS-0025/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 26/01/15 09:38:05 End recording: 26/01/15 09:58:06
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

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. HA at 0.88 + 14 .25 Hz_ (In the range 0.0 - 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 0.88 + 14.25 Hz (in the range 0.0 - 20.0 Hz).

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

fo>10/Lw 0.88 > 0.50

nc(fo) > 200 787.5 > 200

oa(f) < 2 for 0.5fy < f < 2f if fo > 0.5Hz Exceeded O out of 43 times
oa(f) < 3 for 0.5fp < f < 2fq if fo <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?) <Ao/2 NO
Exists f*in [fo, 4fo] | Aunv(f*) < Ao/ 2 1.344 Hz
Ao >2 223>2
fpeak[Ann(f) + oa(f)] = fox 5% [16.28093]| < 0.05 NO
of < g(fo) 14.24581 < 0.13125 NO
ca(fo) < 0(fo) 0.2857 < 2.0
Lw window length
Nw number of windows used in the analysis
Nc = Lw nwfo 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 ot < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f+ frequency between fo and 4fo for which Ann(f *) < Ao/2
oa(f) standard deviation of Ann(f), oa(f) is the factor by which the mean Ann(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(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 0.2-05 05-1.0 1.0-2.0 >2.0
g(fo) [HZz] 0.25fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for GiogHv(fo) 0.48 0.40 0.30 0.25 0.20
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MIRANDOLA PSC, HVSR8 (Area ANS_1.10)

Instrument:  TRS-0025/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 26/01/15 13:45:55 End recording: 26/01/15 14:05:56
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

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. HA at 0.94 + 0.42 Hz_ (In the range 0.0 - 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 0.94 + 0.42 Hz (in the range 0.0 - 20.0 Hz).

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

fo>10/Lw 0.94 > 0.50

nc(fo) > 200 900.0 > 200

oa(f) < 2 for 0.5fp <
oa(f) <3 for 0.5fp <

f < 2foif fo>0.5Hz Exceeded 0 out of 46 times
f < 2fgif fo <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?) <Ao/2 NO
Exists f*in [fo, 4fo] | Aunv(f*) < Ao/ 2 1.906 Hz
Ao >2 247>2
fpeak[Ann(f) + oa(f)] = fox 5% |0.44959| < 0.05 NO
of < g(fo) 0.42149 < 0.14063 NO
oa(fo) < 0(fo) 0.2594 < 2.0
Lw window length
Nw number of windows used in the analysis
Nc = Lw nwfo 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 ot < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f+ frequency between fo and 4fo for which Ann(f *) < Ao/2
oa(f) standard deviation of Ann(f), oa(f) is the factor by which the mean Ann(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(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 0.2-05 05-1.0 1.0-2.0 >2.0
g(fo) [HZz] 0.25fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for GiogHv(fo) 0.48 0.40 0.30 0.25 0.20

HVSRS - 3
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MIRANDOLA PSC,HVSR9 (Area ANS_1.1)

Instrument:  TEN-0029/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 26/01/15 13:11:36 End recording: 26/01/15 13:31:37
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analyzed 88% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HA at 0.81 £ 0.29 Hz. (In the range 0.0 - 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 0.81 + 0.29 Hz (in the range 0.0 - 20.0 Hz).

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

fo>10/Lw 0.81>0.50

nc(fo) > 200 828.8 > 200

oa(f) < 2 for 0.5fp <
oa(f) <3 for 0.5fp <

f < 2foif fo>0.5Hz Exceeded 0 out of 40 times
f < 2fgif fo <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?) <Ao/2 NO
Exists f*in [fo, 4fo] | Aunv(f*) < Ao/ 2 2.469 Hz
Ao >2 2.08>2
fpeak[Ann(f) + oa(f)] = fox 5% [0.35923| < 0.05 NO
o < g(fo) 0.29187 < 0.12188 NO
ca(fo) < 0(fo) 0.2947 < 2.0
Lw window length
Nw number of windows used in the analysis
Nc = Lw nwfo 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 ot < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f+ frequency between fo and 4fo for which Ann(f *) < Ao/2
oa(f) standard deviation of Ann(f), oa(f) is the factor by which the mean Ann(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(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 0.2-05 05-1.0 1.0-2.0 >2.0
g(fo) [HZz] 0.25fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for GiogHv(fo) 0.48 0.40 0.30 0.25 0.20

HVSRO - 3
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MIRANDOLA PSC,HVSR10 (Area ANS_1.11)

Instrument:  TRS-0025/01-07

Data format: 16 byte

Full scale [mV]: n.a.

Start recording: 26/01/15 13:11:54 End recording: 26/01/15 13:31:55
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

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. HA at 0.91 £ 0.66 Hz. (In the range 0.0 - 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 0.91 + 0.66 Hz (in the range 0.0 - 20.0 Hz).

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

fo>10/Lw 0.91 > 0.50

ne(fo) > 200 815.6 > 200

oa(f) < 2 for 0.5fp <
oa(f) <3 for 0.5fp <

f < 2foif fo>0.5Hz Exceeded 0 out of 44 times
f < 2fgif fo <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?) <Ao/2 NO
Exists f*in [fo, 4fo] | Aunv(f*) < Ao/ 2 2.406 Hz
Ao >2 219>2
fpeak[Ann(f) + oa(f)] = fox 5% |0.72881| < 0.05 NO
of < g(fo) 0.66049 < 0.13594 NO
oa(fo) < 0(fo) 0.3468 < 2.0
Lw window length
Nw number of windows used in the analysis
Nc = Lw nwfo 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 ot < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f+ frequency between fo and 4fo for which Ann(f *) < Ao/2
oa(f) standard deviation of Ann(f), oa(f) is the factor by which the mean Ann(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(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 0.2-05 05-1.0 1.0-2.0 >2.0
g(fo) [HZz] 0.25fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for GiogHv(fo) 0.48 0.40 0.30 0.25 0.20
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