¥ X
JL K
. 5

B TAL \

PROTEZIONE CIVILE

Presidenza del Consiglio dei Ministri
Dipartimento della Protezione Civile

B CONFERENZA DELLE REGIONI E

DELLE PROVINCE AUTONOME
| e = e

Attuazione dell'articolo 11 della legge 24 giugno 2009, n. 77

MICROZONAZIONE SISMICA
Livello 3

Regione Emilia-Romagna
Comune di Finale Emilia

Relazione lllustrativa - Allegato 3
Verifica Potenziale di Liquefazione CPTU MS

Regione Soggetto realizzatore Data

NEA S.r.l.

.NE ! 01/07/2020
New

' . Energies
And environment

Emilia-Romagna




PROVA

036012P517

cpTUO1 CPTU535

036012P518

cPTUO2 CPTU536

036012P519
cPTUO3 CPTU537
036012P520

cPTUO4 CPTUS538

036012P546
CPTU564

036012P547
CPTU565

036012P548
CPTU566

CPTUOS

CPTUO6

CPTUO7

036012P549

cPTUOS CPTU567

LOCALITA’

via Mirandola (campo
sportivo), loc. Massa
Finalese, Finale Emilia
via Gallini, loc. Massa
Finalese, Finale Emilia
traversa di via Ceresa,
polo industriale, Finale
Emilia
via per Modena
(parchetto), Finale
Emilia
via per Camposanto,
Finale Emilia
via Albero, loc. Massa
Finalese, Finale Emilia
via Susano, Finale
Emilia
via Correggio, loc.
Casumaro, Finale
Emilia

Sintesi dei dati principali associati alle 8 indagini penetrometriche CPTU eseguite.
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This software is licensed to: University of Ferrara

036012P517CPTUS535

CPT name: CPTU535

Cone resistance

Friction Ratio

CPT basic interpretation plots

Input parameters and analysis data

Analysis method:
Fines correction method:

Points to test:

Earthquake magnitude M,;:  6.14
Peak ground acceleration: 0.20
Depth to water table (insitu): 1,00 m

B&I (2014)
B&I (2014)
Based on Ic value

RF (%)

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:

Unit weight calculation:
Use fill:

Fill height:

1.00 m

1

2.60

Based on SBT
No

N/A

Pore pressure

A 4

Insitu

Depth (m)

T T T T T
100 200 300 400 500

u (kPa)

Fill weight:

Transition detect. applied:
Ky applied:

Clay like behavior applied:
Limit depth applied:

Limit depth:

N/A

No

Yes

Sand & Clay
Yes

20.00 m

SBT Plot

2 3
Ic(SBT)

SBT legend

Soil Behaviour Type

LCI’IW& ilty cl

si
Sify/wd&gwsilt
Clay &silty clay

Clay

COrganic sal
QOrganic sall
Clay

Clay

Clay &silty clay
Clay &silty clay

Clay

Clay &silty clay
Clay &silty clay
Clay &silty clay

Silty sand & sandysilt
Sand &silty sand

Sand &silty sand
Sand &silty sand

4 6 8 10 12 14
SBT (Robertson et al. 1986)

16 18

. 1. Sensitive fine grained . 4. Clayey silt to silty
. 5. Silty sand to sandy silt . 8. Very stiff sand to
. 6. Clean sand to silty sand |:| 9. Very stiff fine grained

. 2. Organic material
. 3. Clay to silty clay

] 7. Gravely sand to sand
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This software is licensed to: University of Ferrara

CPT name: CPTU535

CRR plot
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14,5
154
15.5]
16
16.5]
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17.5]
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18.5]
19
19.5-]
20 T T T
0 0.2 0.4 0.6
CRR & CSR

Input parameters and analysis data

Analysis method: B&I (2014)

Fines correction method: B&I (2014)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.14

Peak ground acceleration: 0.20

Depth to water table (insitu): 1.00 m

FS Plot

Unit weight calculation:
Use fill:
Fill height:

Liquefaction analysis overall plots

0 0.5 1 1.5 2
Factor of safety
Depth to GWT (erthg.): 1.00 m
Average results interval: 1
Ic cut-off value: 2.60

Based on SBT
No
N/A

Depth (m)

LPI

0.5+
1_
1.5-
2—
2.5
3_
3.5
4_
4.5+
5_
5.5
6_
6.5
7_
7.5
8_
8.5+
9_
9.5+
10
10.5-
11
11.5-
12
12.5-
131
13.5-
14+
14.5-
15+
15.5-
16
16.5-
171
17.5-
18-
18.5-
19
19.5-

20-f——T——
0 5 10

15 20

Liquefaction potential

Fill weight:

Transition detect. applied:
Ky applied:

Clay like behavior applied:
Limit depth applied:

Limit depth:

N/A

No

Yes

Sand & Clay
Yes

20.00 m

Vertical settlements

Depth (m)

T T T T T 1 1
1 2 3 4 5 6 7 8

Settlement (cm)

F.S. color scheme

EOCODM

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no lig. are equally likely
Unlike to liquefy

Almost certain it will not liauefv

Lateral displacements
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134 [
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16
16.5-
17
17.5+
18+
18.5-
19+
19.5-
20
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LPI color scheme

. Very high risk
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036012P518CPTUS536

This software is licensed to: University of Ferrara

CPT name: CPTU536

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
| Clay &silty clay
h 4 Clay
Insitu
Clay
Clay &silty clay
Clay &silty clay
Clay &silty clay
Silty sand & sandy silt
Clay &silty clay
Clay &silty clay
—~ —~ Clay &silty clay
E £ Silty sand & sandysilt
< = Sand &siltysand
2 10.5- 53 Sand &silty sand
a a Siltysand & sandysilt
11.5-
12.5-
13.5-
14.5-
15.54 Sand &silty sand
16.57
17.59
18.57
19.5-
20 T T T T T T 1 LI B S B R B
10 15 20 10 0 100 200 300 400 500 2 3 4 0 2 4 6 8 10 12 14 16 18
qt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: B&J (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 1 Transition detect. applied:  No SBT legend
20:2;5 to IEeSt! - Based on Ic value Ic cut-off value: 2.60 (K:(I’ apl!:l):ieltj): - fesh Yes . 1. Sensitive fine grained . 4. Clayey silt to silty . 7. Gravely sand to sand
arthquake magnitude M,:  6.14 Unit weight calculation:  Based on SBT ay like behavior applied:  Sand & Clay . ; - : :
Peak ground accelerationv:v 0.20 Use fill No Limit depth applied: Yes . 2. Organic material . 5. Silty sand to sandy silt . 8. Very stlff sand to
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 20.00 m . 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained

CLiq v.1.7.6.34 - CPT Liquefaction Assessment Software - Report created on: 15/07/2020, 17:02:46

Project file: D:\FinaleE_MZS3\05_geognostiche\RELAZIONI GEOLOGICHE\NUMERICI_CPT\PoloIndustriale_20200527.clq

1


Truman
Text Box
036012P518CPTU536


This software is licensed to: University of Ferrara

CPT name: CPTU536

Liquefaction analysis overall plots

CRR plot FS Plot
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Depth (m)
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Input parameters and analysis data

Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m

Fines correction method: B&J (2014) Average results interval: 1

Points to test: Based on Ic value Ic cut-off value: 2.60
Earthquake magnitude M,;: 6,14 Unit weight calculation: ~ Based on SBT
Peak ground acceleration: 0.20 Use fill: No

Depth to water table (insitu): 1.00 m Fill height: N/A

Depth (m)

LPI
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Liquefaction potential

Fill weight:

Transition detect. applied:

Ky applied:

Clay like behavior applied:

Limit depth applied:
Limit depth:
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Sand & Clay
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20.00 m

Vertical settlements
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036012P519CPTUS37

This software is licensed to: University of Ferrara

CPT name: CPTU537

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure
0.5+ i 0.5+ ~ « 0.5+
1- 1 1 2
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24 2 i !
2.5 2.5
34 34
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5 57
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77 7
7.5 7.5
8- 8-
8.5 * 8.5+
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£ 10 £ 10 ]
8 10.5- 8 10.5- 8
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12 12—
12.5- 12.5-
13- I 13+
13.5- 13.57
14 14+
14.5+ 14.5+
15+ 15+
15.5+] 15.5+
16 16
16.57 16.57
174 171
17.59 17.57
18- 18-
18.5- 18.5-
19+ 19+
19.5- ' 19.5- ' . ' '
20 Tt 1 05— T T T 20— T T T
5 10 15 20 25 0 2 4 6 8 10 0 200 400 600
gt (MPa) Rf (%) u (kPa)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthq.):  1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 1 Transition detect. applied: No
Points to test: Based on Ic value Ic cut-off value: 2.60 Ks applied: Yes
Earthquake magnitude M, 6.14 Unit weight calculation: ~Based on SBT  Clay like behavior applied:  Sand & Clay
Peak ground acceleration: 0.20 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 20.00 m

SBT Plot Soil Behaviour Type

Clay &silty clay
Clay &silty clay

Clay

Clay &silty clay
Clay

Clay &siltycl
o ty clay

COrganic sl
Clay
Clay &silty clay

Clay

Clay &silty clay

Clay

Clay &silty clay

Clay &silty cl
Claavy&silgdg
Clay &silty clay

Clay

Clay &silty clay
Sand &silty sand
Silty sand & sandy silt

Sand &silty sand

Silty sand & sandysilt

Silty sand & sandysilt
Sand &silty sand
Silty sand & sandysilt

Sand &silty sand

LU s W e S e ey
2 3 4 O 2 4 6 8 10 12 14 16 18

Ic(SBT) SBT (Robertson et al. 1986)

SBT legend

. 1. Sensitive fine grained . 4. Clayey silt to silty . 7. Gravely sand to sand
[ 2. organic material [ s.siity sand to sandy silt [T 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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This software is licensed to: University of Ferrara

CPT name: CPTU537

Liquefaction analysis overall plots

CRR plot FS Plot LPI
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14.5- 14.5—
15— 15—
15.57 15.5-
16 16—
16.57 16.57
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17.59 17.57
18- 18—
18.5 —_— 18.5+
19+ 19+
19.5+ 19.5+
20 20 — 7
0 0.2 0.4 0.6 0 0.5 1 1.5 2 0 5 10 15 20
CRR & CSR Factor of safety Liquefaction potential
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthq.):  1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 1 Transition detect. applied: No
Points to test: Based on Ic value Ic cut-off value: 2.60 Ks applied: Yes
Earthquake magnitude M, 6.14 Unit weight calculation: ~Based on SBT  Clay like behavior applied:  Sand & Clay
Peak ground acceleration: 0.20 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 20.00 m

Vertical settlements

Depth (m)

T T T 1
3456 7

Settlement (cm)

T 1 1
01 2 8 9

F.S. color scheme

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no lig. are equally likely
Unlike to liquefy

Almost certain it will not liauefv

EOCODM

Lateral displacements
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14.54
15+
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16+
16.5-
17
17.5+
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18.5+
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19.5+] sy
20 T T T T T
0 10 20 30 40 50
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LPI color scheme
. Very high risk
High risk
Low risk
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036012P520CPTUS38

This software is licensed to: University of Ferrara

CPT name: CPTU538

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure
0.5 0.5—‘ |
1- 1 ¥
Insitu
1.5 1.5 l

2- 2-
2.5+ 2.5+
34 34
3.5 3.5
4 4
4.5 4.5
5 5
5.5 5.5+
6 6
6.5 6.5
7 74
7.5 7.5
8- 8-
8.5 8.5
—~ 9- —~ 9
E o954 E 9.5+
S 10 S 10
§- 10.5 § 10.5-
11+ 11+
11.5- 11.5
12+ 12+
12.5 12.5-
13+ 13+
13.5+ 13.5+
14+ 14+
14.5- 14.5-
15— 15+
15.5+ 15.5-
16 167
16.5 16.5
174 17
17.57 17.5+
18- 18-
18.5- 18.54
19+ 19+
19.5 19.5+
20+ T T T T 20 204 T T T
5 10 15 20 0 0 200 400 600 800
qt (MPa) Rf (%) u (kPa)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthq.):  1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 1 Transition detect. applied: No
Points to test: Based on Ic value Ic cut-off value: 2.60 Ks applied: Yes
Earthquake magnitude M, 6.14 Unit weight calculation: ~Based on SBT  Clay like behavior applied:  Sand & Clay
Peak ground acceleration: 0.20 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 20.00 m

SBT Plot Soil Behaviour Type

Clay &silty clay
Clay &siltyclay

Clay
Clay &silty clay

Clay

Clay &silty cl
Gg&silgdgyy
Clay &silty clay
Organic sl
COrganic sal

Clay

Clay

cl

Clg&sillyda/

Silty sand & sandy silt
Cléyy&siltyday
Silty sand & sandy silt

Sand &silty sand
Silty sand & sandysilt

Sand &silty sand

Silty sand & sandysilt
Sand &silty sand

LU S W ey By
2 3 4 O 2 4 6 8 10 12 14 16 18

Ic(SBT) SBT (Robertson et al. 1986)

SBT legend

. 1. Sensitive fine grained . 4. Clayey silt to silty . 7. Gravely sand to sand
[ 2. organic material [ s.siity sand to sandy silt [T 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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This software is licensed to: University of Ferrara

CPT name: CPTU538
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CRR plot
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

B&I (2014)

B&I (2014)
Based on Ic value
6.14

0.20

Depth to water table (insitu): 1.00 m

Liquefaction analysis overall plots

FS Plot

E
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B
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0 0.5 1 1.5 2

Factor of safety

Depth to GWT (erthg.): 1.00 m
Average results interval: 1

Ic cut-off value: 2.60
Unit weight calculation:
Use fill: No
Fill height: N/A

Based on SBT
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Liquefaction potential

Fill weight: N/A
Transition detect. applied:  No

Ks applied: Yes

Clay like behavior applied:  sand & Clay
Limit depth applied: Yes

Limit depth: 20.00 m

Depth (m)

Vertical settlements

T T T T T
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Settlement (cm)

F.S. color scheme
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Very likely to liquefy

Unlike to liquefy
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Depth (m)
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036012P546CPTU5S64
This software is licensed to: University of Ferrara CPT name: CPTU564

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
0.5 1 : : 0.5 | oy
1 1 SZ
1.5 ! 15 Insitu
2 . ) . . 2] Clay
2.5 2.5
3 | | | 34 gay&siltyday
3.5 .5 ay
4 ; . . 3 z_ Clay &silty clay
Clay &silty clay
4.5 4.5 Clay&siltyclay
s4 1 5
5.5 5.5
61 61 Clay
6.5 6.5
77 i ' ‘ 77 Clay&siltydlay
7.5 i : 7.5 Silty sand & sandysilt
8- 8- Clay &silty clay
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E 95 E 95 = Clay
S 10 S 10 &5
§ 10.5- : : § 10.5- §'
11+ 11+
11.5 | oo 11.54 Clay &silty clay
124 | | | 124 Clay &silty clay
Clay &silty clay
12.59 12.59 Silty sand & sandysilt
13+ ; i 13 Clay&siltyclay
13.5- ' 13.5- Clay
14+ ; ; 14 Clay &silty clay
14.5-] 14.5- Clay&siltyclay
15 ! . . . 15— Clay &silty clay
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16 : : 16 Clay&siltyclay
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17 > ~ v 17
17.54 i i 17.54 .
Clay &siltycl
18- 18- kel
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Input parameters and analysis data
Analysis method: B&J (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 1 Transition detect. applied:  No SBT legend
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Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 20.00 m . 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Analysis method: B&I (2014)
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Input parameters and analysis data

Analysis method: B&I (2014)

Fines correction method: B&I (2014)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.14

Peak ground acceleration: 0.20

Depth to water table (insitu): 1.00 m
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Input parameters and analysis data

Analysis method: B&I (2014)

Fines correction method: B&I (2014)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.14

Peak ground acceleration: 0.20
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CPT basic interpretation plots
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Input parameters and analysis data
Analysis method: B&J (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 1 Transition detect. applied:  No SBT legend
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