Salvatonica, Municipality of Bondeno (FE) — “Ca 1”

Site:

Salvatonica, Municipality of Bondeno (FE)

Location map:

Legend:
©  sand boil sample

N44°55'1.92"

E 11°27'44.64" . E 11°28'10.56"

Sand boil sample:

Cal

Coordinates (WGS 84):

Latitude: 44°54'59.17"N Longitude: 11°27'54.92"E

Sand boil image from:

Aerial photography: o Field observations: O

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: --- Dip: ---

Liquefaction-induced land
damage category:

3 ""INo lateral spreading but minor to moderate quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)

FC=35% | U=2133 [ C=331 | ©=2875

Compositional information:

Paleoriver assignment:

Po

Morphological features:

Flat interfluvial depression: ¥ Fluvial ridge: o

Data from:

INGV: o UNIMORE: M

In situ tests

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground




acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Cascinetta, Municipality of Bondeno (FE) — “Casc 1”

Site:

Location map:

Cascinetta, Municipality of Bondeno (FE)

Sand boil sample: Cascl
Coordinates (WGS 84): Latitude: 44°53'59.63"N Longitude: 11°16'17.93"E
Sand boil image from: Aerial photography: o Field observations: O
Date of sampling: 30/05/2012
Seismic event: May 20", 2012, M,, = 6.1: &4 May 29" 2012, M,,=5.9: o
Liquefaction features: Strike: --- Dip: ---

Fracture, length 20 m

Liquefaction-induced land
damage category:

31 No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution curve:

clay silt
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Soil classification (USCS): Silty Sand (SM)
FC=13% | U=292 [ C=137 | G =---

Compositional information:

Paleoriver assignment:

Po

Morphological features:

Flat interfluvial depression: ¥

Fluvial ridge: o

Data from:

INGV: o

UNIMORE: M

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground

acceleration; LPI =

liquefaction potential index; LSN = liquefaction severity number; S =

vertical




settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Cascinetta, Municipality of Bondeno (FE) — “Casc 2”

Site:

Location map:

Cascinetta, Municipality of Bondeno (FE)

s / .EH 16'17.76"

SN

Google Earth

Sand boil sample:

Casc 2

Coordinates (WGS 84):

Latitude: 44°53'52.29"N Longitude: 11°16'24.18"E

Sand boil image from:

Aerial photography: M Field observations: O

Date of sampling:

30/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: 90° Dip: 0°

Fracture with sand, length 30 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution

curve: clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=37% | U=345 | C=146 | o=--

Compositional information:




Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: ¥ Fluvial ridge: o
Data from: INGV: o UNIMORE: M
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Cascinetta,

Municipality of Bondeno (FE) — “Cremonina 1”

Site:

Location map:

Cascinetta, Municipality of Bondeno (FE)

remonin

Google Earth

Sand boil sample:

Cremonina 1

Coordinates (WGS 84):

Latitude: 44°53'54.96"N Longitude: 11°16'15.12"E

Sand boil image from:

Aerial photography: M Field observations: O

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: 60° Dip: 0°

Fracture with sand, length>30 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)

FC=14%

[ U= =]




Compositional information:

Paleoriver assignment:

Morphological features:

Flat interfluvial depression: M

Fluvial ridge: o

Data from:

INGV: o

UNIMORE: 4

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Bondeno, Municipality of Bondeno (FE) — “fgmv009”

Site: Bondeno, Municipality of Bondeno (FE)
Location map:

Google Earth
Sand boil sample: fgmv009
Coordinates (WGS 84): Latitude: 44°53'51.62"N Longitude: 11°22'14.40"E
Sand boil image from: Aerial photography: O Field observations: O
Date of sampling: 23/05/2012
Seismic event: May 20™, 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9: o
Liquefaction features: Strike: 70° Dip: 0°

Fracture with sand parallel to the road, length 30 m with an opening of 5 cm;
sand boils in its terminal part

Liquefaction-induced land 4 [ No lateral spreading but large quantities of ejected material
damage category:

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=37% | U=1368 | C=342 | c =0.08
Compositional information:
Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: V1 Fluvial ridge: o
Data from: INGV: M UNIMORE: o

In situ test:
M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o

= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; am.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical




settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Cascinetta, Municipality of Bondeno (FE) — “Fruttar 4”

Site:

Location map:

Google Earth

Sand boil sample:

Cascinetta, Municipality of Bondeno (FE)

Fruttar 4

Coordinates (WGS 84):

Latitude: 44°53'55.00"N

Longitude: 11°16'13.98"E

Sand boil image from:

Field observations: O

Aerial photography: ¥

Date of sampling:

25/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: &

May 29" 2012, M,,=5.9: 0

Liquefaction features:

Strike: variabili 55°, 70°, 65°

Dip: 0°

Fracture with light grey sand, length 45 m. Sand thickness 15-20 cm.

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:

clay silt
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC=10% | U=2.93

C=155 | o©=19399




Compositional information:

Paleoriver assignment:

Morphological features:

Flat interfluvial depression: M

Fluvial ridge: o

Data from:

INGV: M

UNIMORE: o

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Redena, Municipality of Bondeno (FE) — “Gavello 1”

Site;

Redena, Municipality of Bondeno (FE)

Location map:

Legend:
©  52nd boil sample

® Liquefaction evidence-

field observation
038003P860
Gavellol [

o

@ Piezocone test (CPTu)

@  Seismic dilatometer test (SD)

038003P482

Sand boil sample:

Gavello 1

Coordinates (WGS 84):

Longitude: 11°16'38.07"E

Sand boil image from:

Field observations: o

Date of sampling:

30/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, =5.9: 0

Liquefaction features:

Strike: 160° Dip: 0°

Sand boil, thickness 10cm

Liquefaction-induced land
damage category:

3[™"1No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC=8% | U=382 | C=131 | o=1.704

Compositional information:

Paleoriver assignment:

Po

Morphological features:

Flat interfluvial depression: o Fluvial ridge: ¥

Data from: INGV: o UNIMORE: M
In situ test: CPTuUA - 038003P482
Coordinates (WGS 84): Latitude:44°55'5.35"N \ Longitude:11°16'38.43"E
Date: 03/06/2013
Address: Via Comunale
Depth to GWT during in situ
P g 3.00m
test:
In situ test results: RES?SI":\ENCE FSRII-EEI\BEN PR:chgERE sgrl\l:PBEElm\ggR
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Liquefaction analysis: EQGWT =3.00m M, =6.1 amax = 0.409
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SAFETY FACTOR

Gl’aphS (IC’ qclN,CRR7_5, TYPE INDEX RESISTANCE CYCLIC RESISTANCE RATIO
CSRys, FS"q) 01 I; 3 4 0 5201" (Miao)o 150 0 tJCZSR75t;.ZRR705.6 08
z 0 _—%—;-— = 0 z 0 —CSR7.5 B
2 I 2 I 2 —CRR75 T
E 4 T _-':é % 4 % P = %
6 ::Eb 6 6
8 8 8
10 45__ 10 10
12 ] §_§, 12 12 }
14 % 14 14 3
16 é _§ TN 16 16 T
18 }; E 0 % 18 18 [E——
2 €5 57 8¢ 20 20
LPI=20.96 | LSN =27.77 | $=0.29m
Note: Thickness of surface layer: 4.3 m (from 0 to 4.3 m)
Thickness of liquefied layer: 4.4 m (from 4.3 to 8.7 m), 5.9 m (from 10.6 to
16.5m)
Data from: RER: ¥ \ INGV: o
In situ test: DMTa - 038003P860
Coordinates (WGS 84): Latitude:44°55'8.24"N \ Longitude: 11°16'38.17"E

Date:

28/05/2017

Address:

Strada Comunale

Depth to GWT during in situ
test:

3.00m




In Sltu teSt reSultS MATERIAL CO'\:‘VSESIDLBJSED UNDRAINED HORIZONTAL STRESS SHEAR WAVE
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Note: Thickness of surface layer: 8.4 m (from 0 to 8.4 m)
Thickness of liquefied layer: 0.6 m (from 8.4 to 9 m), 2.8 m (from 12.6 to
15.4 m)
Data from: RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Gavello, Municipality of Bondeno (FE) — “Gavello 2”

Site:

Gavello, Municipality of Bondeno (FE)

Location map:

Legend:
O sand boil sample

Liquefaction evidence -

IN44254:36*
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038003P797

Sand boil sample: Gavello 2

Coordinates (WGS 84): Latitude: 44°54'35.14"N Longitude: 11°19'10.19"E
Sand boil image from: Aerial photography: o Field observations: O
Date of sampling: 30/05/2015

Seismic event: May 20", 2012, M,, = 6.1: May 29", 2012, M,, = 5.9: o
Liquefaction features: Strike: --- Dip: ---

Isolated sand boil

Liquefaction-induced land
damage category:

3 No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution
curve:

clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=27% | Us=-- \ C=-- | o=1622

Compositional information:

Paleoriver assignment:

Po

Morphological features:

Flat interfluvial depression: M Fluvial ridge: o

Data from:

INGV: o UNIMORE: ¥

In situ test:

CPTuA :038003P797




Coordinates (WGS 84): Latitude: 44°54'31.21"N ‘ Longitude: 11°19'19.18"E

Date: 13/02/2015
Address: Via Piretta Rovere
Depth to GWT during in situ
P g 3.00m
test:
In situ test result: RESISTANCE FRICTION S ¥PE INDEX
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Liguefaction analysis: EQGWT=1.00m | M, = 6.1 \ amax = 0.429
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Note: Thickness of surface layer: 5.6 m (from 0 to 5.6 m)
Thickness of liquefied layer: 6.6 m (from 5.6 to 12.2 m), 4 m (from 16 to 20
m)
Data from: RER:M | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Redena, Municipality of Bondeno (FE) — “INS04”

Site:

Location map:

Sand boil sample:

Redena, Municipality of Bondeno (FE)

Legend:
O send boil sample

® Liquefaction evidence:

038003P860
[ ]

Gavellol

038003P482

INS04

Coordinates (WGS 84):

Latitude: 44°55'8.07"N Longitude: 11°16'37.99"E

Sand boil image from:

Date of sampling:

Field observations: o

Aerial photography: ]

% v
P &

25/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, =5.9: 0

Liquefaction features:

Strike: 160° Dip: 0°

Fracture parallel to a failure in the field

Liquefaction-induced land
damage category:

31 No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution
Curve:

clay silt sand gravel
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)




Compositional information:

Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: 4 UNIMORE: o
In situ test: CPTuA: 038003P482
Coordinates (WGS 84): Latitude: 44°55'5.34"N \ Longitude: 11°16'38.45"E
Date: 03/06/2013
Address: Via Comunale
D —
_epth tc? GWT during in 3.00m
situ test:
In situ test result: RESISTANCE FRICTION PRESSURE S VPE INDEX
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Liquefaction analysis: EQGWT =3.00m \ M,, =6.1 amax = 0.40g
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Note: Thickness of surface layer: 4.3 m (from 0 to 4.3 m)
Thickness of liquefied layer: 4.4 m (from 4.3 to 8.7 m), 5.9 m (from 10.6 to 16.5
m)
Data from: RER: M | INGV: O
In situ test: DMTa: 038003P860
Coordinates (WGS 84): Latitude: 44°55'8.22"N \ Longitude: 11°16'38.17"E
Date: 28/05/2017
Address: Strada Comunale

Depth to GWT during in
situ test:

3.00m




. N MATERIAL CONSTRAINED UNDRAINED HORIZONTAL STRESS SHEAR WAVE
In situ test results: INDEX MODULUS SHEAR STRENGTH INDEX VELOCITY
Io M (MPa) ¢, (KPa) Ko Vg (m/s)
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Liquefaction analysis:

EQ GWT = 3.00 m

M, =6.1

amax = 0.40g

Graphs (Ip, Kp,CRR75,
CSR75s, FSiig)
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Note:

Thickness of surface layer: 8.4 m (from 0 to 8.4 m)
Thickness of liquefied layer: 0.6 m (from 8.4 to 9 m), 2.8 m (from 12.6 to 15.4 m)

Data from:

RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground

acceleration; LPI =

liquefaction potential index; LSN =

liquefaction severity number; S = vertical

settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Redena, Municipality of Bondeno (FE) — “INS05”

Site: Redena, Municipality of Bondeno (FE)

Location map: - -Legend: \
Dyt O sand boil sample

E 11°18i1.44°

. 3

N44°54'36"

Sand boil sample: ] INS05

Coordinates (WGS 84): Longitude: 11°18'0.24"E

Sand boil image from: Field observations: o

Date of sampling: ’ o

Seismic event: May 20", 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9: o
Liquefaction features: Strike: --- Dip: ---
Liquefaction-induced land 3 No lateral spreading but minor to moderate quantities of ejected material

damage category:

Grain size distribution curve:
clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=17% | U=667 | C=240 | oc=2641

Compositional information:




Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: ¥ Fluvial ridge: o
Data from: INGV: M UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Gavello, Municipality of Bondeno (FE) — “INS06”

Site:

Location map:

Sand boil sample:

Gavello, Municipality of Bondeno (FE)

Legend:

o S ©  sand boil sample
1"'*‘ @ Piezocone test (CPTU)
038003P853

E 11°1811.44~

DI 06 |

Google Earth

INS06

Coordinates (WGS 84):

Latitude: 44°54'45.64"N Longitude: 11°18'1.34"E

Sand boil image from:

Aerial photography: O Field observations: O

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: May 29", 2012, M,, = 5.9: o

Liquefaction features:

Strike: --- Dip: ---

Liquefaction-induced land
damage category:

31 No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=36% | U=5313 | C=294 | 6 =552

Compositional information:

Paleoriver assignment:

Po

Morphological features:

Flat interfluvial depression: M Fluvial ridge: o

Data from:

INGV: M

UNIMORE: o

In situ test:

CPTuA : 038003P853




Coordinates (WGS 84):

Latitude: 44°53'43.66"N ‘ Longitude: 11° 5'42.04"E

Date: 06/02/2015
Address: Viale Antonio Gramsci
Depth to GWT during in situ
P g 3.00m
test:
In situ test result: RESCIS'P‘AENCE F?RITE%\E)EN F'RZCSJQERE S%PEEElnAuYEI)?R
q: (MPa) f, (kPa) u;, (kPa) 1.
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Liquefaction analysis: EQGWT=1.00m | M, =6.1 amax = 0.419
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LPI = 18.55 | LSN =21.31 | S=0.16m
Note: Thickness of surface layer: 4.2 m (from 0 to 4.2 m)
Thickness of liquefied layer: 5.1 m (from 4.2 t0 9.3 m)
Data from: RER: M | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Redena, Municipality of Bondeno (FE) — “INS09”

Site:

Location map:

Redena, Municipality of Bondeno (FE)

Legend:
©  52nd boil sample

P Liquefaction evidence-
field observation

038003P860 @ Piezocone test (CPTu)
Gavellol [

@  Seismic dilatometer test (SD)
PO 1yso0

038003P482

Sand boil sample:

INS09

Coordinates (WGS 84):

Latitude: 44°55'8.07"N Longitude: 11°16'37.99"E

Sand boil image from:

Aerial photography: M Field observations: O

Py oy
Yde «
= &

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: 160° Dip: 0°

Fracture parallel to a failure in the field

Liquefaction-induced land
damage category:

3 ™""INo lateral spreading but minor to moderate quantities of ejected material

Grain size distribution
CuUrve:

clay silt sand gravel
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC = 10% | U=400 | C=128 | ©=2087




Compositional information:

Paleoriver assignment:

Po

Morphological features:

Flat interfluvial depression: o Fluvial ridge: M

Data from: INGV: M UNIMORE: o
In situ test: CPTuA: 038003P482
Coordinates (WGS 84): Latitude: 44°55'5.35"N \ Longitude: 11°16'38.43"E
Date: 03/06/2013
Address: Via Comunale
Depth to GWT during in
situ test: 3.00m
In situ test result: RESISTANCE FRIGTION PRESSURE SVPEINDEX
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Liquefaction analysis: EQGWT =3.00m | M,, =6.1 amax = 0.40g
Graphs (l¢, gein,CRR7 s, S PE X N SN CVOrIC RESISTANGE RATIO SAPETY FAGTOR
CSR?'S’ FS"q) 0 1 I°2 3 4 0 ST)MN(MF;?))O 150 0 §;R72jRR7§.6 0.8 0 05 ':15‘“1 15 2
_ 0 R — _ 0 _ 0 _ 0 ;
E = £ B —CSR7.5 B }
T 2 T 2 z 2 r —CRR7.5 z 2 —
Bal 7 _‘:3{ g 4 t.l= 2,
£ EE |
6 - 6 6 I 6 I —
8 8 8 I 8 “ ~B~
10 - 10 10 10 | ﬂ_
12 ‘i::_ 12 12 12 > u
14 14 14 14 ; g—
16 _g 1 16 16 16 } E—
18 é o % 18 18 18 b E
20 CEEEIEEE 20 20 - 2
LPI = 20.96 | LSN = 27.77 | $=0.29m
Note: Thickness of surface layer: 4.3 m (from 0 to 4.3 m)
Thickness of liquefied layer: 4.4 m (from 4.3 to 8.7 m), 5.9 m (from 10.6 to
16.5 m)
Data from: RER: \ INGV: 0
In situ test: DMTa: 038003P860
Coordinates (WGS 84): Latitude: 44°55'8.25"N \ Longitude: 11°16'38.16"E
Date: 28/05/2017
Address: Strada Comunale

Depth to GWT during in
situ test (m):

3.00m
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Liquefaction analysis: EQGWT =3.00m | M,, =6.1 amax = 0.400
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Note: Thickness of surface layer: 8.4 m (from 0 to 8.4 m)
Thickness of liquefied layer: 0.6 m (from 8.4 to 9 m), 2.8 m (from 12.6 to 15.4
m)
Data from: RER: ] INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Gavello, Municipality of Bondeno (FE) — “Prospera 1”

Site: Gavello, Municipality of Bondeno (FE)
Location map: ; 4

Sand boil sample: Prospera 1

Coordinates (WGS 84): Latitude: 44°54'30.38"N Longitude: 11°19'42.10"E

Field observations: O

Sand boil image from: Aerial photography: ¥
A~

Date of sampling: 30/05/2015
Seismic event: May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, = 5.9: O
Liquefaction features: Strike: 50° Dip: 0°

Fracture, length 10 m, partly dry

Liquefaction-induced land

i 4 [ No lateral spreading but large quantities of ejected material
damage category:

Grain size distribution

curve: clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=23% | Us=-- | C=-- o = 1.859

Compositional information:




Paleoriver assignment: Po

Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: o UNIMORE: M
In situ test: CPTuA :038003P797
Coordinates (WGS 84): Latitude: 44°54'31.21"N \ Longitude: 11°19'19.18"E
Date: 13/02/2015
Address: Via Piretta Rovere
Depth to GWT during in situ
P g 3.00m
test:
In situ test result: RESISTANCE FRICTION SVPE DN
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Liquefaction analysis: EQGWT=3.00m | M, = 6.1 | amax = 0.429
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Note: Thickness of surface layer: 5.6 m (from 0 to 5.6 m)
Thickness of liquefied layer: 6.6 m (from 5.6 to 12.2 m)
Data from: RER:M \ INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena

and Reggio-Emilia; RER = Emilia-Romagna Region.



Gavello, Municipality of Bondeno (FE) — “Prospera 2”

Site:

Gavello, Municipality of Bondeno (FE)

Location map:

Legend:
© sand boil sample

E 11°20°11704°

Sand boil sample:

Prospera 2

Coordinates (WGS 84):

Latitude: 44°54'22.37"N Longitude: 11°19'55.06"E

Sand boil image from:

Aerial photography: o Field observations: O

Date of sampling: 30/05/2015
Seismic event: May 20", 2012, M,, = 6.1: & May 29", 2012, M,, = 5.9: 0
Liquefaction features: Strike: 130° Dip: 0°

Fracture, length 15 m, perpendicular to the rows

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soilclassification (USCS): Silty Sand (SM)
FC=13% | U=391 | C=141 | ©=1766

Compositional information:

Paleoriver assignment:

Po

Morphologicalfeatures:

Flat interfluvial depression: o Fluvial ridge: M

Data from:

INGV: o UNIMORE: M

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical




settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Gavello, Municipality of Bondeno (FE) — “Prospera 3”

Site;

Gavello, Municipality of Bondeno (FE)

Location map:

Legend
O send boit sample
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Sand boil sample:

Prospera 3

Coordinates (WGS 84):

Latitude: 44°54'15.39"N Longitude: 11°20'13.82"E

Sand boilimage from:

Aerial photography: o Field observations: O

Date of sampling:

30/05/2015

Seismic event:

May 20" 2012, M,, = 6.1: May 29" 2012, M,, = 5.9: O

Liquefaction features:

Strike: 135° Dip: 0°

Big fractures with sand

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=30% | U=-- | = --- | c=172
Compositional information:
Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: O UNIMORE: M

In situ test:

CPTuA :038003P840

Coordinates (WGS 84):

Latitude: 44°45'27.30"N | Longitude: 11°18'49.88"E

Date:

17/12/2014

Address:

Via Fava Augusto




Depth to GWT during in situ
P g 3.00m
test:
In situ test results: RESISTANCE F?iIIEEIVOEN PRE??ERE S%Piﬁm\g)? N
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Liquefaction analysis: EQGWT=300m | M, = 6.1 | amax = 0.43g
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Note: Thickness of surface layer: 10 m (from 0 to 10 m)
Thickness of liquefied layer: 5.9 m (from 10 to 15.9 m)
Data from: RER: M | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Gavello, Municipality of Bondeno (FE) — “Rovere 1”

Site:

Gavello, Municipality of Bondeno (FE)

Location map:

Legend:
O sand boil sample

[ ]
WP26_071
)

CPTu Area4

Sand boil sample:

Rovere 1

Coordinates (WGS 84):

Latitude: 44°53'23.27"N Longitude: 11°17'23.41"E

Sand boil image from:

Aerial photography: M Field observations: O

Date of sampling: 30/05/2012
Seismic event: May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, =5.9: 0
Liquefaction features: Strike: 20° Dip: 0°

Fracture with sand

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
CuUrve:

clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)

FC =13% | = - | = | 6=1775

Compositional information:

Paleoriver assignment: Po

Morphological features: Flat interfluvial depression: V1 Fluvial ridge: o

Data from: INGV: o UNIMORE: M

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Redena, Municipality of Bondeno (FE) — “San Martino 4”

Site;

Location map:

Sand boil sample:

E 11°14'34.08*

Redena, Municipality of Bondeno (FE)
%,

San Martino 5

Legend:
o Sand boil sample

Liquefaction evidence -
field observation

@  Liquetaction evidence -
aerial observation
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San Martino 4

Coordinates (WGS 84):

Latitude: 44°54'53.07"N

Longitude: 11°14'43.46"E

Sand boil image from:

Date of sampling:

Aeri
LT

h

alp

=3

otography: ¥

Field observations: O

30/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: 1

May 29", 2012, M,, = 5.9: o

Liquefaction features:

Strike: ---

Dip: —

Small dry sand boil. Sand thickness 1 cm.

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
Curve:

percent passing (%)
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Soil classification (USCS):

Silty Sand (SM)

FC=17%

c=1631




Compositional information:
Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: M Fluvial ridge:o
Data from: INGV: O UNIMORE: ¥
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Redena, Municipality of Bondeno (FE) — “San Martino 5”

Site;

Redena, Municipality of Bondeno (FE)

Location map:

Google Earth

Sand boil sample:

&y ) o Sand boil sample
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San Martino 5

Coordinates (WGS 84):

Latitude: 44°54'52.08"N Longitude: 11°14'46.54"E

Sand boil image from:

Aerial photography: ] Field observations: O

Date of sampling:

30/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: --- Dip: ---

Small dry sand boil. Sand thickness 1 cm

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
Curve:

clay silt sand gravel
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC=12%

| U=308 | C=151 | ©=1629




Compositional information:
Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: M1 Fluvial ridge:o
Data from: INGV: O UNIMORE: ¥
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Redena, Municipality of Bondeno (FE) — “San Martino 6”

Site: Redena, Municipality of Bondeno (FE)
Location map: o, Legend:

&y | o Sand boil sample

N Liquection evidence -
San Martino 5 field observation
ction evidence

San Martino 6bis
o

E 11°14'34.08¢ '. E411°15
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Google Earth

Sand boil sample: San Martino 6

Coordinates (WGS 84): Latitude: 44°54'47.69"N Longitude: 11°14'48.99"E

Sand boil image from: Aerial photography: ] Field observations: O

_ [
Date of sampling: 30/05/2012
Seismic event: May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, = 5.9: O
Liquefaction features: Strike: 135° Dip: 0°

Very long fracture with sand. Small dry sand boil; sand thickness 1 cm.

Liquefaction-induced land

i 4 [ No lateral spreading but large quantities of ejected material
damage category:

Grain size distribution

curve: clay silt sand gravel
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Soil classification (USCS): Poorly graded sand with silt (SP-SM)

FC=12% | U=38 | C=104 | o0=1.864




Compositional information:
Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: M Fluvial ridge:o
Data from: INGV: O UNIMORE: ¥
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Redena, Municipality of Bondeno (FE) — “San Martino 6bis”

Site;

Location map:

Sand boil sample:

Redena, Municipality of Bondeno (FE)

... San Martino 4

San Martino 5
|

Legend:
O sand boil sample

Liquefaction evidence —
feld observation

@  Liquefaction evidence -
aerial observation
°
(]
’o Oe

San Martino 6 San Martino 6bis
(]
o
$ .

E 11°14'34.08" (]
[ ]

@  Piezocone test (CPTu)

£ ¥ °
CPTu area2-3 Y
o
[ CPTu area2-3 bis

San Martino 6bis

Coordinates (WGS 84):

Latitude: 44°54'47.69"N Longitude: 11°14'48.99"E

Sand boil image from:

Aerial photography: M Field observations: O

Date of sampling:

30/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: 1

May 29", 2012, M,, =5.9: O

Liquefaction features:

Strike: 135° Dip: 0°

Very long fracture with sand, sample collected from the finer distal portion

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
CuUrve:

clay silt sand gravel

0.063 = = i

—&8— san martino 6bis|

0.004

100

percent passing (%)

0.1 1

0.01

10

0.001
grain size (mm)
Soil classification (USCS): Silty Sand (SM)
FC =41% U=452 | C=1.99 c=2124




Compositional information:

Paleoriver assignment:

Morphological features:

Flat interfluvial depression: M1

Fluvial ridge: o

Data from:

INGV: o

UNIMORE: M

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Gavello, Municipality of Bondeno (FE) — “Tosatti 1”

Site;

Location map:

Google Earth

Sand boil sample:

Gavello, Municipality of Bondeno (FE)

Legend:
O Sand boil sample

O Tosaui 1|

@ Piezocone test (CPTu)

E 11°18'27.36"

Tosatti 1

Coordinates (WGS 84):

Latitude: 44°53'26.00"N

Longitude: 11°18'30.00"E

Sand boil image from:

Date of sampling:

Aerial photog

raphy: M

>

Field observations: O

Seismic event:

May 20" 2012, M,, = 6.1: &4

May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: ---

Dip: ---

Long fracture with sand

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
curve:
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Soil classification (USCS):

Silty Sand (SM)

FC =30%

— | — o=1.535




Compositional information:

Paleoriver assignment:

Morphological features:

Flat interfluvial depression: M

Fluvial ridge:o

Data from:

INGV: o

UNIMORE: ¥

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Gavello, Municipality of Bondeno (FE) — “Tosatti 2”

Site:

Gavello, Municipality of Bondeno (FE)

Location map:

Legend:
©  sand boil sample

-

E 11°16'17.76"

N44°54'36"

Sand boil sample:

Tosatti 2

Coordinates (WGS 84):

Latitude: 44°54'38.00"N Longitude: 11°16'18.00"E

Sand boil image from:

Aerial photography: o Field observations: O

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: May 29", 2012, M,, = 5.9: o

Liquefaction features:

Strike: ---

Dip: ---

Liquefaction-induced land
damage category:

3[—INo lateral spreading but minor to moderate quantities of ejected material

Grain size distribution curve:

clay silt sand

90 | /
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Soil classification (USCS): Silty Sand (SM)
FC=22% | U=-- \ C=-- | ©=1758

Compositional information:

Paleoriver assignment:

Po

Morphological features:

Flat interfluvial depression:1

Fluvial ridge: o

Data from:

INGV: o

UNIMORE:

In situ test:




M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Scortichino, Municipality of Bondeno (FE) — “WP26_071”

Site: Scortichino, Municipality of Bondeno (FE)

Location map:

Legend:
O Sand boil sample

Liquefaction evidence —
field observation

@ Liquetaction evidence -
aeral observation

@  Piezocone test (CPTu)

[ ]
WP26_071
° _

CPTu Area4
.

Google‘Eérth

Sand boil sample: o WP26_071

Coordinates (WGS 84): Latitude: 44°53'24.00"N Longitude: 11°17'24.00"E

Sand boil image from: Aerial photography: ¥ Field observations: 0

Date of sampling: ' |

Seismic event: May 20", 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9: O

Liquefaction features: Strike:35°, 360° Dip: 0°

Continuation of the fracture crossinga 1.5m-wide ditch. 2 sand boils inside
the ditch, withwidth50cm and thickness35cm. Fracture with grey quartzy
sand in the field, length 30 m

Liquefaction-induced land

4 [ No lateral spreading but large quantities of ejected material
damage category:




Grain size distribution curve:

clay silt sand gravel
1 0 O 0.004 0.063 = ‘
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Soil classification (USCS): Poorly graded sand (SP)
FC=4% | U=179 | C€=093 | o=1614
Compositional information:
Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: v Fluvial ridge:o
Data from: INGV: M UNIMORE: O

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Cascinetta, Municipality of Bondeno (FE) — “WP26_072”

Site:

Cascinetta, Municipality of Bondeno (FE)

Location map:

E 11°16'17.76"

* e

Google Earth

Sand boil sample:

WP26_072

Coordinates (WGS 84):

Latitude: 44°53'56.40"N Longitude: 11°16'15.60"E

Sand boil image from:

Date of sampling:

Aerial photography: M Field observations: O

26/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: May 29", 2012, M,, = 5.9: o

Liquefaction features:

Strike: 70° Dip: 0°

Fracture with grey quartzy sand in the field, length 50 m. Numerous small
coalescent mud boils

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC=8% | U =2.60 | C=175 | ©=1715




Compositional information:

Paleoriver assignment:

Morphological features:

Flat interfluvial depression: 1

Fluvial ridge: o

Data from:

INGV: M

UNIMORE: o

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Casumaro, Municipality of Bondeno (FE) — “WP39”

Site:

Location map:

Sand boil sample:

Casumaro, Municipality of Bondeno (FE)

By

—_—

=
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N44250:16.8"

—

WP39

Legend:
O sand boil sample

Liquefaction evidence -
field observation

@ Liguetiction evidence
aerial observation

@ Piezocone test (CPTu)

Coordinates (WGS 84):

Latitude: 44°50'15.50"N

Longitude: 11°26'16.33"E

Sand boil image from:

Date of sampling:

Aerial photography: ¥

Field observations: O

Seismic event:

May 20", 2012, M,, = 6.1: 1

May 29" 2012, M,, = 5.9: O

Liquefaction features:

Strike: 105°

Dip: 0°

Fracture, length 45 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material




Grain size distribution
curve:

clay silt

0.004
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0.063 r = = ‘ =
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Soil classification (USCS): Silty Sand (SM)
FC=30% | U =8.06 | C=253 | 0=2634

Compositional information:

Paleoriver assignment:

Reno

Morphological features:

Flat interfluvial depression:

Fluvial ridge:o

Data from:

INGV: M

UNIMORE: O

In situ test:

CPTuA: CPTu: 13244

Coordinates (WGS 84):

Latitude: 44°50'19.02"N

Latitude: 11°26'32.41"E

Date:

20/05/2014

Address:

Via Correggese

Depth to GWT during in

situ test: 3.00m
In situ test result: RESISTANCE FRICTION PRESSURE S OVPE NDEX
q; (MPa) f; (kPa) u, (kPa) I
0 4 8 12 16 20 0 100 200 300 400 0 250 500 0 1 2 3 4
_ 1] _ 0 _ 0 _ 0 =
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30 30 30 30 - -
Liquefaction analysis: EQ GWT =1.00m M,, =6.1 amax = 0.469




SOIL BEHAVIOR NORMALIZED CONE CYCLIC STRESS RATIO & LIQUEFACTION

GraphS (Ic, qclN,CRR7,5, TYPE INDEX RESISTANCE CYCLIC RESISTANCE RATIO SAFETY FACTOR
) I deun (MP2) CSRys5, CRRy s FSiq
CSRY'S, FSIIq) 1 2 3 4 0 50 100 150 0 02 04 06 08
0 — 0 0
B z K T B —CSR7.5 B
g 2 b 5 £2f T2 —CRR75 z
g, 5=§ gl g, &
6 f {gi 6 I 6
8 f T 8 8
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ul 2 1t 14
o b Eog, e 16 16
3 SEs ¢
8 g ,;%g; %g 18 18
2 IS AR 2 2 s '
LPI =24.27 | LSN = 26.66 | S=040m
Note: Thickness of surface layer: 5.8 m (from 0 to 5.8 m)
Thickness of liquefied layer: 14.2 m (from 5.8 to 20 m)
Data from: RER: M INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Casumaro, Municipality of Bondeno (FE) — “WP42”

Site:

Casumaro, Municipality of Bondeno (FE)

Location map:

Legend:
©  s2nd boil sample

Liquefaction evidenee
field observation

@ Liquefaction evidenee
erial observation

@ Piezocone test (CPTu)

—_— L

N44:50+16.8"
®

33

»
‘.F_!1 1°26:13.92"

D
Sand boil sample: WP42
Coordinates (WGS 84): Latitude: 44°50'14.32"N Longitude: 11°26'13.27"E

Sand boil image from:

Field observations: O

Aerial photography: M

Date of sampling:

Seismic event:

May 20" 2012, M,, = 6.1: &4 May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: --- Dip: ---

Liquefaction with abundant sand and water

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
curve:

clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=27% | U=173 | C=384 | =298l
Compositional information:
Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: M Fluvial ridge:o
Data from: INGV: M UNIMORE: o
In situ test: CPTuA: CPTu: 13244
Coordinates (WGS 84): Latitude: 44°50'19.02"N | Latitude: 11°26'32.41"E
Date: 20/05/2014
Address: Via Correggese
Depth to GWT during in
eph g 3.00m
situ test:
In situ test result: RESISTANGE FRICTION PRESSURE SCVPE NDEX
o (MPa) fs (kPa) u, (kPa) le
0 4 8 12 16 20 0 100 200 300 400 0 250 500 0 1 2 3 4
0 0 0
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Liquefaction analysis: EQGWT =1.00m M,, =6.1 amax = 0.469
Graphs (I, gein, CRRy7 5, SVPE NDEX MO REsisTaNGE GYCLIC RESISTANCE RATIO SARETY FACTOR
CSR?'S’ FS"q) 0 1 ICZ 3 4 0 SZCW (MF:Z)O 150 0 (:ZSR”(V).(;R&OS.G 08
0 T 0 _ ~
6 éf‘?j 6
8 e 8 [
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14 b é 14 b
16 | é SR 16
18 % g%é 18
20 2537 - 20 L L L
LPI =24.27 | LSN = 26.66 | S=0.40m
Note: Thickness of surface layer: 5.8 m (from 0 to 5.8 m)
Thickness of liquefied layer: 14.2 m (from 5.8 to 20 m)
Data from: RER: M | INGV: 0

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena

and Reggio-Emilia; RER = Emilia-Romagna Region.



Casumaro, Municipality of Bondeno (FE) — “WP44”

Site:

Location map:

1
=

Sand boil sample:

=
,_,,;'.311 2651:3192 RS

Casumaro, Municipality of Bondeno (FE)

Legend:

©  Sand boil sample

Liquefaction evidenee
field observation

@ Liquefaction evidenee
aerial observation

test (CPTu)

By

—_— ®
N44:°50+16.8"
® ®

®

WP44

Coordinates (WGS 84):

Latitude: 44°50'16.69"N Longitude: 11°26'4.70"E

Sand boil image from:

Date of sampling:

Field observations: O

Aerial photography: |

Seismic event:

May 20", 2012, M,, = 6.1: M

May 29", 2012, M,,=5.9: 0

Liquefaction features:

Strike: 0° Dip: 0°

Fracture, length 10 m. Fosso Savenizza

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
CuUrve:

clay silt sand
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Soil classification (USCS):

Silty Sand (SM)

FC=18% | U=3.62 | C=180 | ©=2065
Compositional information:
Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: M Fluvial ridge:o
Data from: INGV: M UNIMORE: o

In situ test:

CPTuA: CPTu: 13244

Coordinates (WGS 84):

Latitude: 44°50'19.02"N \ Latitude: 11°26'32.41"E

Date:

20/05/2014

Address:

Via Correggese

Depth to GWT during in

i 3.00m
situ test:
In situ test result: RESISTANCE FRICTION PRESSURE SCVPE INDEX
q, (MPa) e (kPa) uy (kPa) I
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Liquefaction analysis: EQ GWT =1.00m \ M, =6.1 amax = 0.469
Graphs (l¢, gein,CRRy73, SPENDEX N RESISTANCE CYCLIC RESISTANGE RATIO SARETY FACTOR
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LPI = 24.27 | LSN = 26.66 | $=040m
Note: Thickness of surface layer: 5.8 m (from 0 to 5.8 m)
Thickness of liquefied layer: 14.2 m (from 5.8 to 20 m)
Data from: RER: M INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground

acceleration; LPI =

liquefaction potential index; LSN = liquefaction severity number; S =

vertical

settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Cavezzo, Municipality of Cavezzo (MO) — “Cavez 0”

Site;

Cavezzo, Municipality of Cavezzo (MO)
Location map: .

v N 5 -
\ . ol Legend:
57 Y P o -
W g % ’ g
o % i 4

Liquefaction evidence
field observation

b| @ Cone penctration test (CPT)

@ Piezocone test (CPTu)
X

Sand boil sample:

Coordinates (WGS 84): Latitude: 44°50'14.21"N Longitude: 11°1'55.81"E

Sand boil image from: Aerial photography: o Field observations: M

Date of sampling: 30/05/2012

Seismic event: May 20", 2012, M,, = 6.1: 0 May 29", 2012, M,, = 5.9: ¥

Liquefaction features: Strike: 0° Dip: 0°

Areal upwelling of fine sand from road, well and manhole

Liquefaction-induced land

) 4 [ No lateral spreading but large quantities of ejected material
damage category:

Grain size distribution

curve: clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)

FC =46% Uu=125

| C=253

c = 2.568




Compositional information: Q+F =42 %; L = 27.67 %; C = 28.67 %
Q + F = quartz + feldspars; L = siliclastic lithics; C = carbonates

Paleoriver assignment: Secchia
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: o UNIMORE: ¥
In situ test: CPTuA: 036009P313
Coordinates (WGS 84): Latitude: 44°50'14.49"N | Longitude: 11° 1'65.21"E
Date: 06/08/2012
Address: Via Ernesto Papazzoni
D_epth tg GWT during in 300 m
situ test:
In situ test results: RESISTANCE FRICTION SYPEINDEX
(qt, fs, Uy, Ic) a: (MPa) 1, (kPa) le
0 4 8 12 16 2 0 100 200 300 400 0 1 2 3 4
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Liquefaction analysis: EQ GWT =3.00 m M, =5.9 amax = 0.429
Graphs (l¢, gein, CRR7 s, SPE NDEX MO REssTANCE CYCLIC RESISTANGE RATIO 2 SARETY FACTOR
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LPI=4.16 | LSN =5.92 | S=0.04m
Note: Thickness of surface layer:7.4 m (from 0 to 7.4 m)
Thickness of liquefied layer: 0.8 m (from 7.4 t0 8.2 m)
Data from: RER: 4 | INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Cavezzo, Municipality of Cavezzo (MO) — “Cavez 1”

Site;

Location map:

’
3| Legend:
@ O saxabvoil sample

©  Liquefaction evidence:
field observation

Cavezzo, Munici
SR, ke

pality of Cavezzo (MO)
N pr- "

S/

Sand boil sample: Caz 1

Coordinates (WGS 84): Latitude: 44°50'6.69"N Longitude: 11° 1'36.31"E
Sand boil image from: Aerial photography: o Field observations: O
Date of sampling: 30/05/2012

Seismic event: May 20", 2012, M,, = 6.1: o May 29" 2012, M,,=5.9: &
Liquefaction features: Strike: 30° Dip: 0°

Fracture with fine sand/clay, length 4 m and opening <4 cm. Throw 4-5 cm

with NW down

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
curve:

clay silt

0.004

0.063

sand gravel

100

il T

-I-Cavez_1|

percent passing (%)
ul
o

0.01

0.1 1 10

grain size (mm)

Soil classification (USCS):

Silty Sand (SM)

FC=15% | = e

c=1742

Compositional information:

Q+F=235.33 %; L =31.67 %;C=31%

Q + F = quartz + feldspars;

L = siliclastic lithics; C = carbonates

Paleoriver assignment:

Secchia

Morphological features:

Flat interfluvial depression: o

Fluvial ridge:™

Data from:

INGV: o

UNIMORE: M

In situ test:

CPTuA: 036009P824

Coordinates (WGS 84):

Latitude: 44°50'7.33"N

Longitude: 11° 1'35.07"E




Date: 11/01/2017
Address: Via Cavour
Depth to GWT during in situ
P g 3.00 m
test:
itu UITS: RESISTANCE FRICTION TYPE INDEX
In S t test res Its CONE SLEEVE SOIL BEHAVIOR
(a, fs, U, 1o) o (MPa) 1, (Pa) L
0 4 8 12 16 2 0 100 200 300 400 0 1 2 3 4
0 T T T T 0 T T T 0 T T
£ 3 3 :
E 2 T 2 z 2 r g
& & & ® :
o 4 a 4} a 4t P
6 6 6 :
8 8 g L
10 10 10
12 12 12 F
14 14 up 2
i 18 wl 3, fEx f
85 5828
20 2 20 -
Liquefaction analysis: EQGWT =300 m | M, = 5.9 amax = 0.42g
Graphs (l¢, gein,CRR7 s, S PE NDEX MRS TANGE CYCLIC RESISTANCE RATIO SAPETY FACTOR
CSR75 FS" ) le Gewn (MPa) CSR75, CRRy5 FSiq
! 4 0 1 2 3 4 0 50 100 150 0 02 04 06 08 0 0.5 1 15 2
0 0 0 0 0
E B E —CSR7.5 ’g
2 4 E 2 z 2 —CRR7.5 z 2
g, gy a 4 8 4
6 6 6 6
8 8 8 8
10 10 10 10
12 12 12 12
(C - 14 14 14
16 é § . 16 16 16
18 % 9 éi § 18 18 18
20 LB : 20 20 20
LP1=0.85 | LSN =176 | S=0.01 m
Note: Thickness of surface layer: 3.8 m (from 0 to 3.8 m)
Thickness of liquefied layer: 0.6 m (from 3.8 to 4.2 m)
Data from: RER: 4 | INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Cavezzo, Municipality of Cavezzo (MO) — “Voltone 1”

Site;

Cavezzo, Municipality of Cavezzo (MO)

Location map:

Legend:
e O sendboll sample

o Liquefaction evidence
field observation

r s 0\' ‘

N44°49'24:967

.
P779 (US63_R) S %
Qs .

[Volone 1 AR we:, G

@ Cone pmetration test (CPT)
@ Piezocone test (CPTu)

2

J

\ ~

E 11800:44:64*

P73145 (U849 _R)

oogle Earth

Sand boil sample: Voltone 1

Coordinates (WGS 84): Latitude: 44°4920.33"N Longitude: 11° 0'33.51"E
Sand boil image from: Aerial photography: O Field observations: o
Date of sampling: 30/05/2012

Seismic event: May 20", 2012, M,, = 6.1: 0 May 29", 2012, M,, = 5.9: ¥
Liquefaction features: Strike: --- Dip: ---

Fractures with liquefaction

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
curve:

clay silt sand gravel

100 0.004 0.063 = ‘

O
o
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percent passing (%)
ul
o

0.01 0.1 1 10
grain size (mm)

Soil classification (USCS):

Silty Sand (SM)

FC=41% U=20.0 C =347 0= 2.828

Compositional information:

Q+F =38%; L = 32.33%; C = 25.67%
Q + F = quartz + feldspars; L = siliclastic lithics; C = carbonates

Paleoriver assignment:

Secchia

Morphological features:

Flat interfluvial depression: o

Fluvial ridge: M

Data from:

INGV: o

UNIMORE: ¥

In situ test:

CPTuA: 036009P779




0

Coordinates (WGS 84): Latitude: 44°49'21.80"N \ Latitude: 11° 0'31.70"E
Date: 19/12/2014

Address: Via San Luigi

Depth to GWT during in

situptest: ’ 3.00m

In situ test results: RESISTANCE FRICTION PRESSURE SCVPEINDEX
(qt, fs, Uy, Ic) 4 (MPa) f, (kPa) u, (kPa) e

100 200 300 400 0 250 500 750 1000 1250 0 1 2 3 4

4 8 12 16 20 0
T T T T 0

0 T
T 2 T r 2 T 2t F
a 4 a o 4 o 4 =
=
6 6 6 g.
8 8 8 I
b L‘";—
10 10 10 §
12 12 12 3
{
14 14 14 3 >
16 16 16 é ¢ ; i
3 EEN
18 18 [ 18 i‘é =E
2 2 20 i
Liquefaction analysis: EQ GWT =3.00m M, =5.9 amax = 0.40g
Graphs (¢, gen,CRRy75, S PENDEX N RESIsTANCE CYCLIC RESISTANCE RATIO SAPETY FACTOR
CSR75s, FSiig) le dean (MP2) CSRy5 CRRy 5 FSig
’ 4 1 2 3 4 0 50 100 150 0 02 04 06 08 0 0.5 1 15 2
0 T 0 T T 0 0
B £ B —CSR7.5 B
z2f i [ T2 2y —CRR75 T2
N S &y, g, g,
=
6 | < 6 6 | 6
8 g, 8 8 8
10 10 10 10
12 12 12 12
"t é 14 14 14
6 & 16 16 16
8 F %g 18 18 18
20 53 20 20 - - 20
LPI = ] LSN = 28.12 | S=0.16m
Note: Thickness of surface layer: 3.5 m (from 0 to 3.5 m)
Thickness of liquefied layer: 5.2 m (from 3.5 to 8.7 m)
Data from: RER: ¥ | INGV: o

In situ test:

CPTuB: 036009P597

Coordinates (WGS 84):

Latitude: 44°49'22.16"N | Latitude: 11° 0'32.49"E

situ test (m):

Date: 17/04/2014
Address: Via San Luigi
Depth to GWT during in 3.00m




In situ test results: RESISTANCE FRICTION SPENDER
(qt, fs, Uy, |C) . (MPa) f, (kPa) o
0 4 8 12 16 20 0 100 200 300 400 0 1 2 3 4
0 T T T 0 T T T 0 T
g E E ¢
z 2 z 2 z 2 .
o o o =+
4 4 g 4 g 4} »
6 6 | 6L i
8 8 F 8t =
C
10 10 | 10 L
12 12 F 12| }
14 14 | 14 | g
16 16 F 16 é g } P
18 18 | wl 3, EK
Lic iz 2
2 2 2 A \é
Liquefaction analysis: EQ GWT =3.00 m M,, = 5.9 | amax = 0.40g
Graphs (l¢, gein, CRRys, S PENDEX N RESISTANCE CYCLIC RESISTANGE RATIO ATy EACTOR
CSRys, FS"q) le dern (MP2) CSRy5 CRRy 5 FSig
’ 0 1 2 3 4 50 100 150 0 02 04 06 08
0 T 0 0
B ¢ z B —CSR7.5 B
E 2 I 2 I 2 —CRR75 T
o = E 5 &
a 4 ». 8 4 a 4 a
6 i 6 6
8 = 8 8
g
10 10 10 |
12 } 12 12t
[ é 14 [
16 é 83 o 16 6
Bl 3 §=< g 18 18 F
20 LELY, % > 20 20 E—
LPI=15.18 | LSN =22.19 | S=0.14m
Note: Thickness of surface layer: 4.4 m (from 0 to 4.4 m)
Thickness of liquefied layer: 3.2 m (from 4.4 to 7.6 m), 0.8 m (from 8.6 t0 9.4 m)
Data from: RER: M INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢

= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; .y =
liquefaction potential index; LSN = liquefaction severity number; S = vertical

acceleration; LPI =

peak ground

settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Cavezzo,

Municipality of Cavezzo (MO) - “Voltone 2”

Site;

Cavezzo, Municipality of Cavezzo (MO)

Location map:

o
\\. Legend:
N44°49'24.96" T O sendboil sample
) Liquefaction evidence

. —
P???(USéSR ; . WP23 @ Cone penetration test (CPT)
- . > @ Piezocone test (CPTw)

[votone 1 JARESR wr-, JRESH

L
/\./
A .
L J
- o ° L J
E11°0548 72" > ® E 11400/44'64%
¢ (P71 Uss7 NS

7 >y

Voltone 3 N
& N
O 9
L

P73145 (U849 _R)

oogle Earth RIP

Sand boil sample: Voltone 2
Coordinates (WGS 84): Latitude: 44°49'15.37"N Longitude: 11° 0'29.31"E
Sand boil image from: Aerial photography: O Field observations:

30/05/2012

Date of sampling:
Seismic event: May 20", 2012, M,, = 6.1: 0 May 29", 2012, M,, = 5.9:
Liquefaction features: Strike: 0° Dip: 0°

Small bridge failure in correspondence of a ditch with diffuse liquefaction. Sand
upwelling in the ditch for a length ofabout 500m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
100 0.004 0.063 ?/D—é
9 -
70 4
- /
|

—D—Volto@
40 1 ¢
30 /
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percent passing (%)
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o
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grain size (mm)

Soil classification (USCS):

Poorly graded sand with silt (SP-SM)




FC=10% | U=413 | C =147 | 6=1610

Compositional information:

Q+F=29.67 %; L =35%; C=34.33%
Q + F = quartz + feldspars; L = siliclastic lithics; C = carbonates

Paleoriver assignment: Secchia
Morphological features: Flat interfluvial depression: o Fluvial ridge:¥1
Data from: INGV: O UNIMORE: ¥
In situ test: CPTuA: 036009P771
Coordinates (WGS 84): Latitude: 44°49'14.73"N | Longitude: 11° 0'26.10"E
Date: 01/06/2016
Address: Via Uccivello
Depth to GWT during in situ
P g 3.00m
test:
In situ test results: RESISTANCE FRICTION PRESSURE SOYPEINDEX
(qt, fs, Us, Ic) 4 (MPa) 1, (kPa) u, (kPa) I
0 4 8 12 16 20 0 100 200 300 400 0 250 500 750 1000 0 1 2 3 4
0 T T T 0 0 0 .
g, g, g f 4 "é‘i
[} (N [ 6 <§
8 8 F 8k 8 2-?__<
10 10 10 10 3;
12 12 + 12 12 ;
14 4+ 14 14 T‘é
16 16 16 16 é g g %
= = 8 o
18 18 | 18 18 22%% § g,
20 2 20 20 =
Liquefaction analysis: EQGWT =3.00 m \ M, =5.9 amax = 0.40g
Graphs (l¢, gein,CRR7 s, SVRE MDEX N ESSTANGE CVOLIC RESISTANGE RATIO SAPETY FACTOR
A e Qean (MP2) CSR;5 CRR; 5 »
CSR7'5’ FS"q) 0 1 2 3 4 0 50 100 150 0 02 04 06 08 0 0.5 F15 15 2
0 T T 0 0 0
£ _% B B —CSR75 B
z 2 I z 2 E 2 r —CRR7.5 E 2
a, [ gi | R g, =
6 6 6 6
<
8 EL_\ 8 | 8 8
10 | §> 10 10 10
12 12 12 12
w2 14 | 14 14
6 g 2 6 16 16
8 ;§§ é § 18 18 18
2 53 S P 20 20 — 2
LPI =16.86 | LSN = 28.60 | S=0.16m
Note: Thickness of surface layer: 3.0 m (from 0 to 3.0 m)
Thickness of liquefied layer: 5.6 m (from 3.0 to 8.6 m)
Data from: RER: ] | INGV: 0

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Cavezzo, Municipality of Cavezzo (MO) — “Voltone 3”

Site;

Cavezzo, Municipality of Cavezzo (MO)

Location map:

Legend:
QO sand boil sample

Liquefaction evidence:
field observation

@ Piezocone test (CPTu)

P73145 (US49_R) [

7

P73144 (U855 R) /

Google Earth

Sand boil sample: Voltone 3
Coordinates (WGS 84): Latitude: 44°49'8.24"N Longitude: 11° 021.72"E
Sand boil image from: Aerial photography: O Field observations:

30/05/2012

Date of sampling:
Seismic event: May 20", 2012, M,, = 6.1: 0 May 20", 2012, M,, = 6.1: 0
Liquefaction features: Strike: --- Dip: ---

Liquefaction-induced land
damage category:

3 ™""INo lateral spreading but minor to moderate quantities of ejected material

Grain size distribution
CuUrve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)

FC = 24% U=-- | C=-- 6 =1515




Compositional information: Q+F =36.33%; L =36.67 %; C=25.33%
Q + F = quartz + feldspars; L = siliclastic lithics; C = carbonates

Paleoriver assignment: Secchia
Morphological features: Flat interfluvial depression: o Fluvial ridge: ™
Data from: INGV: o UNIMORE: ¥
In situ test: CPTuA: 036009P73144
Coordinates (WGS 84): Latitude: 44°49'4.24"N | Latitude: 11° 0'14.56"E
Date: 07/07/2014
Address: Via Rebuttina
Depth to GWT during in situ
P g 3.00m
test:
In situ test results: RESISTANCE FRICTION PRESSURE SCVPE NDEX
(qt, fs, Uy, Ic) o (MPa) f, (kPa) u, (kPa) I
0 4 8 12 1B 20 0 100 200 300 400 0 250 0 1 2 3 4
_ 0 T o = 0 0 S
E E ———— E E -
£’ £l £’ EN L =
7
6 6 6 T
8 8 8 é
<
10 10 10 f__;
12 12 12 ;—?
14 14 14 g C_g
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Liquefaction analysis: EQGWT =3.00m M,, =5.9 amax = 0.399
Graphs (l¢, gein,CRRys, SN INDEX NI TaNCE CVCLIC RESISTANGE RATIO SAPETY FACTOR
CSR75 I:Sli ) o ey (MPa) CSR;5 CRR;5
! q 0 1 2 3 4 0 50 100 150 0 0.2 04 0.6 0.8
’ _—
B ; T B —CSR7.5 z
g 2t i ,E 2 t ,f 2 —CRR75 g
6 i’ 6 6
10 E 10 10
12 T 12 F 12
14 b é % 14 b 14
6 2 A 16 | 16
Bl 34 X tg 18 | 1| E
2 > 5% %> 2 2 I
LPI =6.75 | LSN = 14.30 | $=0.10 m
Note: Thickness of surface layer: 3 m (from 0 to 3 m)

Thickness of liquefied layer: 2.2 m (from 3 to 5.2 m), 2.4 m (from 11.2 to 13.6
m), 0.8 m (from 17.4 to 18.2 m)

Data from: RER: ¥ | INGV: O

In situ test: CPTuB: 036009P73145

Coordinates (WGS 84): Latitude: 44°49'6.41"N ] Longitude: 11° 0'15.84"E
Date: 07/07/2014

Address: Via Rebuttina

Depth to GWT during in situ 3.00m

test:




CONE SLEEVE PORE SOIL BEHAVIOR

In Sltu teSt reSUItS RESISTANCE FRICTION PRESSURE TYPE INDEX
(e, s, Uz, 1) q (MPa) f, (kPa) u; (kPa) I
0 4 8 12 16 20 0 100 200 300 400 0 250 500 750 0 1 2 3 4
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Liquefaction analysis: EQGWT =3.00m M, =5.9 \ Amax = 0.39
Graphs (I, gein, CRR7 s, SPE NDEX MO REsisTaNGE CYCLIC RESISTANCE RATIO SARETY FACTOR
CSRys, FSiig) ke dean (MP) CSR;5 CRRy 5 FSiq
’ 0 1 2 3 4 0 50 100 150 0 02 04 06 08
0 0 T T 0
B T B —CSR7.5 B
£ 2 L5 £ £ 2 reRes | @
gy, s gl g, &
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uf 8 f: u | 14
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6 2 £ e 16 | 16
ol Sy BE LS 18 | 18
20 >3 5V §° 20 20 . . .
LPI = 6.60 | LSN = 15.66 | S=0.12m
Note: Thickness of surface layer: 3 m (from 0 to 3 m)
Thickness of liquefied layer: 1.6 m (from 3 to 4.6 m), 3.2 m (from 15 to 18.2 m)
Data from: RER: | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Voltone, Municipality of Cavezzo (MO) — “WP23”

Site: Voltone, Municipality of Cavezzo (MO)
Location map: 5N\ Logaod:
N44°49'24.96~ + © Sendboil sample
™ "
_P???(U%S_R O WP23 @ Coze penetration test (CPT)
Qa4 °
/e . ,1 @ Piezocone test (CPTY)
A : J
E 1120044 .64~
N
O /28
oogle Earth RIP
Sand boil sample: WP23
Coordinates (WGS 84): Latitude: 44°4921.72"N Longitude: 11° 0'36.90"E
Sand boilimage from: Aerial photography: o Field observations:
3 ‘)p—;, v i 'i; ',Y PLARTRNE A N
Date of sampling: 05/06/2012
Seismic event: May 20", 2012, M,, = 6.1: 0 May 29", 2012, M,, = 5.9: 1
Liquefaction features: Strike: 0 Dip: 0
Hazel sandy-siltydeposit
quuefactlon-lndlljced ol 4 [ No lateral spreading but large quantities of ejected material
damage category:
Grain size distribution
curve: clay silt sand gravel
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90 | /
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Soil classification (USCS): Sandy Silt (ML)




FC=54% | U=3519 | C=076 | 6 =5.322
Compositional information:
Paleoriver assignment: Secchia
Morphological features: Flat interfluvial depression: o Fluvial ridge:
Data from: INGV: 1 UNIMORE: o

In situ test:

CPTuA: 036009P779

Coordinates (WGS 84):

Latitude: 44°49'21.80"N | Latitude: 11° 0'31.70"E

Date: 19/12/2014
Address: Via San Luigi
Depth to GWT during in
epth K€ g 3.00m
situ test:
In situ test results: RESISTANCE FRICTION PRESSURE SYPE NDEX
(qta fS! uz, IC) G (MPa) 1, (kPa) u; (kPa) le
0 4 8 12 16 20 0 100 200 300 400 0 250 500 750 1000 1250 0 1 2 3 4
0 T T T T T T T T T T r 0 T -
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g 4 E E 4 E 4t Cg
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Liquefaction analysis: EQ GWT =3.00m M, =5.9 amax = 0.40g
Graphs (le, gen, CRRy75, S VP NDEX | NORESISTANGE CYCLIC RESISTANCE RATIO SARETY FACTOR
CSR7 5, FS"q) le Qe (MPa) CSR;5, CRR,5 FSie
' 0 1 2 3 4 0 50 100 150 0 02 04 06 08 0 05 1 15 2
B ¢ - z ° T 2 ’ —CSR75 2
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LPI=17.99 | LSN = 28.12 | S=0.16m
Note: Thickness of surface layer: 3.5 m (from 0 to 3.5 m)
Thickness of liquefied layer: 5.2 m (from 3.5 to 8.7 m)
Data from: RER: ¥ | INGV: O

In situ test:

CPTuB: 036009P597

Coordinates (WGS 84):

Latitude: 44°4922.16"N | Latitude: 11° 0'32.49"E

situ test;

Date: 17/04/2014
Address: Via Gavioli
Depth to GWT during in 300 m




: K CONE SLEEVE SOIL BEHAVIOR
In situ test results: RESISTANCE FRICTION TYPE INDEX
¢ (MPa) f, (kPa) le

(qh fS! u21 IC)

0 4 8 12 16 20 0 100 200 300 400 0 1 2 3 4
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Liquefaction analysis: EQGWT =3.00m M, =5.9 | amax = 0.40g
Graphs (l¢, gein,CRRys, S VPENDEX N RESISTANCE CVELIC RESISTANGE RATIO SAPETY FACTOR
CSRys, FS"q) le dean (MP) CSRy5 CRRy 5 FSiq
’ 0 1 2 3 4 0 50 100 150 0 02 04 06 08
0 0 0 0
E < E g —CSR7.5 E
T2 o z 2 z 2 F —CRR7.5 2
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LPI=15.18 | LSN =22.19 | S=0.14m
Note: Thickness of surface layer: 4.4 m (from 0 to 4.4 m)
Thickness of liquefied layer: 3.2 m (from 4.4 to 7.6 m), 0.8 m (from 8.6 t0 9.4 m)
Data from: RER: M INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢

= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; .y =
liquefaction potential index; LSN = liquefaction severity number; S = vertical

acceleration; LPI =

peak ground

settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Voltone, Municipality of Cavezzo (MO) — “WP24”

Site;

Voltone, Municipality of Cavezzo (MO)

Location map:

."o\
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.
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Legend:
o O Send boil sample
o Liquefaction evidence
field observation

@ Cone pmetration test (CPT)
@ Piezocone test (CPTu)
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P73145 (U849 _R)

oogle Earth

Sand boil sample: WP24

Coordinates (WGS 84): Latitude: 44°4920.86"N Longitude: 11° 0'36.97"E
Sand boilimage from: Aerial photography: o Field observations: o
Date of sampling: 05/06/2012

Seismic event: May 20", 2012, M,, = 6.1: 0 May 29", 2012, M,, = 5.9: ¥
Liquefaction features: Strike: 20° Dip: 0°

Fracture with grey medium sand, length 5 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution

curve: clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC = 42% | uU=4103 | C=052 | 65515
Compositional information:
Paleoriver assignment: Secchia
Morphological features: Flat interfluvial depression: o Fluvial ridge:v1
Data from: INGV: o UNIMORE: ¥

In situ test:

CPTuA: 036009P779

Coordinates (WGS 84):

Latitude: 44°49'21.80"N Latitude: 11° 0'31.70"E




situ test:

Date: 19/12/2014
Address: Via San Luigi
D_epth t(? GWT during in 300 m
sSitu test:
In situ test results: RESISTANCE FRICTION PRESSURE SCVPEINDEX |
(e Ts, Uz, 1) a (MPa) f. (kPa) u, (kPa) I
0 4 & 12 16 20 0 100 200 300 400 0 250 500 750 1000 1250 0 1 2 3 4
_ 0 T T T T _ 0 T T v _ 0 T T T T _ 0 T T —
: 2 ‘E’ 2 ;L ;;E’ 2 f 2
3 ] .-:- 6 [}
= i
8 B 8
10 10 10
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14 14 14
16 16 16 gy ,§
18 18 18 g é
« 20 2 Ll bl w3
Liquefaction analysis: EQGWT =3.00m My =5.9 amax = 0.40g
Graphs (I¢, gcan,CRRy, S PENDEX N RESIsTANCE CYCLIC RESISTANCE RATIO SARETY FACTOR
CSR7_5, FS"q) le Jein (MP2) CSR75 CRR;5 FSiq
1 2 3 4 0 50 100 150 0 02 04 06 08 0 05 1
0 T 0 0 0
E E E —CSR7.5 E
':_: 2 4 1 E 2 E 2 —CRR7.5 E 2
g, IR g4 2 4 g,
6 E- 6 6 6
8 EL 8 8 8
10 10 10 10
12 12 12 12
14 é 14 14 14
16 % gh 2 16 16 16
1} ;g g E é 18 18 18
20 53 |51 ‘“ ° 20 20 L L 20
LPI=17.99 ] LSN = 28.12 | S=0.16m
Note: Thickness of surface layer: 3.5 m (from 0 to 3.5 m)
Thickness of liquefied layer: 5.2 m (from 3.5 t0 8.7 m)
Data from: RER: M INGV: O
In situ test: CPTuB: 036009P597
Coordinates (WGS 84): Latitude: 44°49'22.16"N ‘ Latitude: 11° 0'32.49"E
Date: 17/04/2014
Address: Via Gavioli
Depth to GWT during in 300m




In situ test results: RESISTANCE FRICTION P NDEX
(qt, fs, Uy, |C) . (MPa) f, (kPa) o
0 4 8 12 16 20 0 100 200 300 400 0 1 2 3 4
0 T T T 0 T T T 0
3 E E ¢
£ Z E 2 £ ?
o o o k3
8 4 g 4 8 4 -
6 6 6 §
8 8 8t T~
C
10 10 10
12 12 12 }
14 14 14 g
1 16 67 g )
18 18 wl 3, EK
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Liquefaction analysis: EQGWT =3.00m M, =5.9 | amax = 0.40g
Graphs (l¢, gein, CRR7s, SVPE NDEX N RESISTANGE CYELIC RESISTANGE RATIO SATER TR
CSR7 5, FS"q) le Gean (MPa) CSRy5, CRR; 5 FSiq
’ 0 1 2 3 4 0 50 100 150 0 02 04 06 08
0 T 0 0
E < B E —CSR7.5 g
z 2 I 2 T 2F —CRR7.5 T
o = I 5 &
8 4 » 84 8 4 o
6 i 6 6
8 = 8 8
C‘
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12 } 12 12
[ é 14 14
16 é 83 o 16 16
18 %:g 1, g 18 18 F
20 >3 (b 3 ° 20 20 . . .
LPI = 15.18 | LSN = 22.19 | S=0.14m
Note: Thickness of surface layer: 4.4 m (from 0 to 4.4 m)
Thickness of liquefied layer: 3.2 m (from 4.4 to 7.6 m), 0,8 m (from 8.6 t0 9.4 m)
Data from: RER: ¥ INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢

= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amax
liquefaction potential index; LSN

acceleration; LPI =

= peak ground
liquefaction severity number; S = vertical

settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Dodici Morelli, Municipality of Cento (FE) — “Morelli 1”

Site;

Dodici Morelli, Municipality of Cento (F

Location map:

E)

7

o
038004P842 A

Google Earth

Sand boil sample:

Morelli 1

Coordinates (WGS 84):

Latitude: 44°47'50.48"N Longitude: 11°17'31.44"E

Sand boil image from:

Field observations: O

Aerial photography: M

T

Date of sampling:

30/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: --- Dip: ---

Abundant upwelling of sand from the well

Liquefaction-induced land
damage category:

3 ""1No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution
curve:

clay silt sand gravel

0.004 0.063 2

100

—&— Morelli 1 |>

percent passing (%)

0.001 0.01 0.1 1 10
grain size (mm)
Soil classification (USCS): Silty Sand (SM)
FC =37% Uu=867 | C=217 6 =2.383

Compositional information:

Paleoriver assignment:




Morphological features:

Flat interfluvial depression: o Fluvial ridge:v1

Data from:

INGV: o UNIMORE: ¥

In situ test:

CPTuA: 038004P698

situ test:

Coordinates (WGS 84): Latitude: 44°47'47.47"N \ Longitude: 11°17'40.16"E
Date: 23/04/2014
Address: Via Busi
Depth to GWT during in
Situ test: 1.00m
In situ test results: RESISTANGE FRICTION SVPE INDEX
q (MPa) 1, (kPa) I
. 0 4 8 12 16 20 . 0 100 200 300 400 0 0 1 2 3 4
E 2 % 2 E 2 ¥ “f
b 2 i =
a 4 o 4 a 4 éb
6 6 6 ==
& 8 8
10 10 10
12 12 12
in 14 14 i
16 16 16 é é B ]
18 18 18 ?g 8 :%?
20 20 20
Liquefaction analysis: EQ GWT =3.00 m M, =6.1 amax = 0.459
Graphs (l¢, gein, CRR7 s, SVPE INDEX NORESSTANGE CYCLIC RESISTANCE RATIO SAPETY FACTOR
CSR?'S' Fsliq) 01 Icz 3 4 0 5?;1” (MF:JL 150 0 c?zSR756jRR7oss 08 o
£ ’ ' o B ’ £ ’ —CSR7.5 B
T2} i :; T2 T2 —CRR75 z
L. 2 g, %4 :
6 - 6 6
8 I 8 8
10 10 10
12 F 12 12
1% ‘tﬁu 14 14
16 é § P 16 16
8 %g é 2 18 18
20 5 ﬁ 3% ‘% g 20 20 . .
LPI =4.94 | LSN =8.69 | S=0.04m
Note: Thickness of surface layer: 3.7 m (from 0 to 3.7 m)
Thickness of liquefied layer: 1.5 m (from 3.7 t0 5.2 m)
Data from: RER: M INGV: O
In situ test: CPTuB: 038004P842
Coordinates (WGS 84): Latitude: 44°47'42.90"N ] Longitude: 11°1725.91"E
Date: 28/05/2013
Address: Via Zigalotto
Depth to GWT during in 100m




: . CONE SLEEVE SOIL BEHAVIOR
In situ test results: RESISTANCE FRICTION TYPE INDEX
q: (MPa) f, (kPa) I,
0 4 8 12 168 20 0 100 200 300 400 12 3 4
0 0 0 —
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Liquefaction analysis: EQGWT =3.00m My, =6.1 amax = 0.45¢

SOIL BEHAVIOR

NORMALIZED CONE

CYCLIC STRESS RATIO &

LIQUEFACTION

Graphs (IC, qC]_N,CRR7.5, TYPE INDEX RESISTANCE CYCLIC RESISTANCE RATIO SAFETY FACTOR
CSR;s, FSiig) I o (MPa) CSRys, CRRy 5 FSiq
= a 0 4 50 100 150 0 02 04 06 08
0 0 0
B B T —CSR75 5
E 2 b i E 2 E 2 —CRR75 E
g 4} 84 g 4 a
6| 6 6
s | 8 8
10 | 10 10
nf 12 12
14 g 14 14
1 | é % L . 16 16
wl| 3 £ % 18 18
2 =8 ﬁﬁ ° 2 2
LPI = 8.54 | LSN = 14.73 | S=0.33m
Note: Thickness of liquefied layer: 3 m (from 0 to 3 m)

Thickness of liquefied layer: 1.7 m (from 4.4 to 6.1 m), 3.8 m (from 16.2 to 20
m)

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢

= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground

acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical

settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena

and Reggio-Emilia; RER = Emilia-Romagna Region.




Dodici Morelli, Municipality of Cento (FE) — “Morelli 2”

Site:

Location map:

Sand boil sample:

Morelli 2

Coordinates (WGS 84):

Latitude: 44°48'18.00"N Longitude: 11°17'56.98"E

Sand boil image from:

Aerial photography: O Field observations: O

Date of sampling:

30/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: --- Dip: ---

Fracture, length 10 m and thickness 30 cm

Liquefaction-induced land
damage category:

3 [No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution
curve:

clay silt sand gravel
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grain size (mm)
Soil classification (USCS): Silty Sand (SM)
FC=28% | U=-- C=-— | o=1689
Compositional information:
Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: o UNIMORE: ¥

In situ test:

CPTuA: 038004P49

Coordinates (WGS 84):

Latitude: 44°48'13.50"N | Longitude: 11°17'56.06"E

Date:

03/01/2012

Address:

Via Monsignore di Sotto




Depth to GWT during in situ

1.00m
test:
H . SLEEVE SOIL BEHAVIOR
In situ test results: RESTANCE FRICTION TYPE INDEX
o (MPa) f, (kPa) I
0 4 8 12 16 2 0 100 200 300 400 o 1 2 3 4
0 0 0 -
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Liquefaction analysis: EQGWT =3.00m M, =6.1 | amax = 0.469
SOIL BEHAVIOR NORMALIZED CONE CYCLIC STRESS RATIO &
Graphs (lc, qclN,CRR7_5, TYPE INDEX RESISTANCE CYCLIC RESISTANCE RATIO SARETY FACTOR
CSR75 FS" ) le Gean (MPa) CSR;5 CRR;5 FSiq
! 4 12 3 4 0 5 100 150 0 02 04 06 08 0 05 1 15 2
0 —— 0 0 0
g < £ E —CSR7.5 E
E 2 o > E 2 E 2 —CRR7.5 E 2
8 4 gg 4 4 8 4 8 4
6 = 6 6 | 6
8 Z 8 8 | 8
=3
10 10 10 b 10
12 12 2 12
14 g ‘; 14 1% 14
8
16 é é%: g’é* 2 16 16 16
18 «=::§ g:% g 18 18 | 18
58 8525 S
20 B 20 20 . — 20
LPI=9.48 | LSN = 16.25 | S=0.15m
Note: Thickness of surface layer:3 m (from 0 to 3 m)

Thickness of liquefied layer: 3 m (from 3 to 6 m)

Data from:

RER: M

INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢

= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amax
liquefaction potential index; LSN = liquefaction severity number; S = vertical

acceleration; LPI

peak ground

settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Dodici Morelli, Municipality of Cento (FE) — “Morelli 3”

Site:

Location map:

Dodici Morelli, Municipality of Cento (FE)
S ‘ o, e

{
I S
= L
038004P842 e

Google Earth

Sand boil sample:

MoreIIi 3

Coordinates (WGS 84):

Latitude: 44°47'51.40"N Longitude: 11°17'41.13"E

Sand boil image from:

Aerial photography: o Field observations: O

Date of sampling:

30/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: --- Dip: ---

Abundant upwelling of sand from the well.Well settlement 30 cm

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution

curve: clay silt sand gravel
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grain size (mm)
Soil classification (USCS): Sandy Silt (ML)
FC=27% | =] = | o¢=1512
Compositional information:
Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: o UNIMORE: ¥

In situ test:

CPTuA: 038004P698

Coordinates (WGS 84):

Latitude: 44°47'47.47"N ‘ Longitude: 11°17'40.16"E

Date:

23/04/2014




Address: Via Busi
Depth to GWT during in situ
P g 1.00m
test:
In situ test results: RESISTANCE FRICTION SYPE INDEX "
q: (MPa) 1, (kPa)
0 4 8 12 16 20 0 100 200 300 400 0 1 4
_ 0 _ 0 _ 0
E E E *
z 2 T 2 T 2
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a 4 a 4 o 4
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Liquefaction analysis: EQGWT =3.00m M, =6.1 amax = 0.45¢g
Graphs (l¢, gein,CRR7 5, SVPE NDEX N RESISTANCE CVOLIC RESISTANGE RATIO SARETY FACTOR
: I Gean (MP2) CSRys, CRRy 5 FSiq
CSR?'SI FS||q) 0 1 2 3 4 0 50 100 150 0 02 04 06 08 X K
0 - 0 - - 0 .
E & B B —CSR75 B
I 2 -; I 2 2t —CRR75 T
& z |- & 5 &
gy é; gy 4y 4
6 = 6 6 |
8 ; 8 8
10 10 10
12 12 12
14 g 14 14
16 é 8,% o 16 16
18 ;;% Eg é 18 18
2 58 TEE 2 2 g :
LPI = 4.94 | LSN =8.69 | S=0.04m
Note: Thickness of surface layer: 3.5 m (from 0 to 3.5 m)
Thickness of liquefied layer: 2 m (from 3.5 t0 5.5 m)
Data from: RER: ¥ | INGV: 0

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Dodici Morelli, Municipality of Cento (FE) — “Morelli 4”

Site:

Location map:

Sand boil sample:

D

SN

/‘ ~ o‘:./
/¥ e

odici Morelli, Municipality of Cento (FE)

A » g
$ 4 Legend:
038004P868 EecE
- D)
N i F e - Liquefaction evidence:
™ b 4 | " feld observation

O 52nd boil sample

Bl @ Cone penetration test (CPT)

@ Seismic dilatometer test (SDMT)
L) - .

b4 4 =
® E 1451/735.52*

/

Coordinates (WGS 84):

Latitude: 44°47'34.30"N

Longitude: 11°17'28.88"E

Sand boil image from:

Aerial photography: o

Field b vations: M

i B 4 S
Kargoo - 4 -

Date of sampling: 30/05/2012
Seismic event: May 20", 2012, M,, = 6.1: & May 29", 2012, M,, = 5.9: 0
Liquefaction features: Strike: 85 Dip: 0

Upwelling of sand from the well. Sand boils

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
Curve:

clay silt

0.004

100
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Soil classification (USCS):

Si

Ity Sand (SM)




FC=45% | U=95 C=263 | 6=2.52

Compositional information:

Paleoriver assignment:

Reno

Morphologicalfeatures:

Flat interfluvial depression: o Fluvial ridge: ¥

Data from:

INGV: o UNIMORE:

In situ test:

CPTuA: 038004P450

Coordinates (WGS 84):

Latitude: 44°47'28.37"N ‘ Longitude: 11°17'23.64"E

Date: 11/04/2013
Address: Via Maestrola
D_epth tc? GWT during in 1.00m
situ test;
In situ test results: RESISTANCE FRICTION SVPEINDEX
g (MPa) 1 (kPa) le
0

2 16 20 0 100 200 300 400 0 1 2 3 4
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o & o
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gravellyidense sa

Liquefaction analysis: EQGWT =3.00m M, =6.1 |
Graphs (l¢, gean,CRR7 s, S PE NDEX N RESSTANCE CYCLIC RESISTANCE RATIO SAPETY FACTOR
CSR7_5, FS"q) 5 Qe (MPa) CSR;5 CRRys FSiq
0 1 2 3 4 0 50 100 150 0 02 04 06 08 0 0.5 1 15 2
0 0 -
R g
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14 é 14
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20 CL . 20 =
LP1=5.36 | LSN = 1152 | S=0.37m
Note: Thickness of surface layer: 3.1 m (from 0 to 3.1 m)
Thickness of liquefied layer: 2.2 m (from 3.1 to 5.3 m), 5 m (from 15 to 20 m)
Data from: RER: ¥ | INGV: o
In situ test: DMTa: 038004P868

Coordinates (WGS 84):

Latitude: 44°47'38.69"N | Longitude: 11°17'30.18"E

situ test;

Date: 11/07/2016
Address: Via Zigalotto
Depth to GWT during in 1.00m




CONSTRAINED UNDRAINED HORIZONTAL STRESS SHEAR WAVE

- MATERIAL
In situ test results: INDEX MODULUS SHEAR STRENGTH INDEX VELOCITY
Ip M (MPa) ¢y (KPa) Kp Vs (m/s)
0.1 06 1 18 10 0 20 40 60 80 100 0 20 40 60 80 100 0 4 8 12 18 2 0 100 200 300 400
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Liquefaction analysis: EQGWT =3.00m | My =6.1 amax = 0.229
MATERIAL HORIZONTAL STRESS CYCLIC STRESS RATIO & LIQUEFACTION
Graphs (IDI KD!CRR7.5| INDEX INDEX CYCLIC RESISTANCE RATIO SAFETY FACTOR
CSR75’ FSllq) ID KD CSRM:7_5, CRRM:75 FSqu
04 1 10 0 4 8 12 16 20 0 02 04 06 08
o 06 18 o 0
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\I_/ 2 ; 2 F ‘]':’ 2 b
M < 5
o4 = o4t L4t
6 2 6 6
A
8 8 8
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12 b 12 12
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16 F C: 16 F 16 | CSR Idriss &
< Boulanger 2008
18 | s 18 | 18 | —g;? DM'i;chem 2016 -|
Z ~——CRR Marchetti 2016 -|
DMT + CPT
2 : 2 —_— 20
Note: Thickness of surface layer: 4 m (from 0 to 4 m)
Thickness of liquefied layer: 3.2 m (from 4 to 7.2 m)
Data from: RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground

acceleration; LPI =

liguefaction potential index; LSN = liquefaction severity number; S = vertical

settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Dodici Morelli, Municipality of Cento (FE) — “WP09 XII Mor”

Site:

Location map:

Dodici Morelli, Municipality of Cento (FE)

¥

{
' S
= L
038004P842 e

Google Earth

Sand boil sample:

WP09 X11 Mor

Coordinates (WGS 84):

Latitude: 44°47'50.21"N Longitude: 11°17'39.59"E

Sand boil image from:

Aerial photography: o Field observations: M

Date of sampling:

05/06/2012

Seismic event:

May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: 0°

Dip: 0°

Upwelling of medium to fine sand from the well.Well level has risen about 4 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
Curve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)




FC =26% U =20.59

C

=646 | 0=3412

Compositional information:

Paleoriver assignment:

Reno

Morphological features:

Flat interfluvial depression: o

Fluvial ridge: ¥

Data from:

INGV: M

UNIMORE: o

In situ test:

CPTuA: 038004P698

Coordinates (WGS 84):

Latitude: 44°47'47.47"N

Longitude: 11°17'40.16"E

situ test;

Date: 23/04/2014
Address: Via Busi
Depth to GWT during in 1.00m

SOIL BEHAVIOR

In situ test results: RESISTANCE FRICTION TYPE INDEX
q; (MPa) 1, (kPa) I
0 4 8 12 16 20 0 100 200 300 400 0 1 2 3 4
z ! B £ ! 3 | L
£’ 3 E =
g, 4 i
6 B
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16 16 E g @
18 18 E £ SE;
20 20 =
Liquefaction analysis: EQGWT =3.00m M,, =6.1 amax = 0.450

Graphs (l¢, gein,CRR7 5,

NORMALIZE
RESISTAI

SOIL BEHAVIOR
TYPE INDEX

D CONE
NCE

CYCLIC STRESS RATIO &
CYCLIC RESISTANCE RATIO

LIQUEFACTION

SAFETY FACTOR

CSR?'S, FS"q) 0 1 ICZ 3 4 0 5?)01N(MF;2) 150 0 (fZSR75£)jRR7056 0.8

0 0 0

P é;%. Z L g

6 I h 6 6
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12 F 12 12

1 b é 14 14

16 é 16 16

18 %% 18 18

20 = § 20 20 L L

LPI = 4.94 | LSN = 8.69 | S$S=0.04m
Note: Thickness of surface layer: 3.5 m (from 0 to 3.5 m)
Thickness of liquefied layer: 2 m (from 3.5 t0 5.5 m)

Data from: RER: 4 | INGV: 0

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI liquefaction potential index; LSN liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Dodici Morelli, Municipality of Cento (FE) — “WP12”

Site:

Location map:

Dodici Morelli, Municipality of Cento

e

ES1H 1735 52"

038004P842

Google Earth

Sand boil sample:

Coordinates (WGS 84):

Latitude: 44°47'51.32"N

Longitude: 11°17'41.39"E

Sand boil image from:

Aerial photography: o

Date of sampling:

05/06/2012

Fild observatis:El

[ = 3
e

Seismic event:

May 20", 2012, M,, = 6.1: 1

May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: 0°

Dip: 0°

Upwelling of fine sand from the well. Well depth 14 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
CuUrve:

clay silt
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grain size (mm)
Soil classification (USCS): Silty Sand (SM)
FC =26% U =20.63 \ C=6.14 0 =3.225




Compositional information:
Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: o Fluvial ridge: ™
Data from: INGV: M UNIMORE: O
In situ test: CPTuA: 038004P698
Coordinates (WGS 84): Latitude: 44°47'47.47"N | Longitude: 11°17'40.16"E
Date: 23/04/2014
Address: Via Busi
D_epth tg GWT during in 1.00m
situ test:
In situ test results: RESISTANCE FRICTION S VPE INDEX
q; (MPa) f, (kPa) 1.
0 4 8 12 18 20 0 100 200 300 400 0 1 2 3 4
_ 0 _ 0 _ 0 =
; 2 g’ 2 .;_:E’ 2 ¥ :g
E 4 E 4 E 4 ;E
6 6 6 F =
| | IR
10 10 10 F §
12 12 12 F :
14 14 14 F g é
16 16 % é g;’
18 18 18 gg %!%
20 20 20
Liquefaction analysis: EQGWT =3.00m My, =6.1 amax = 0.45¢
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LPI=4.94 | LSN = 8.69 | S=0.04m
Note: Thickness of liquefied layer: 3.5 m (from 0 to 3.5 m)
Thickness of liquefied layer: 2 m (from 3.5 t0 5.5 m)
Data from: RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena

and Reggio-Emilia; RER = Emilia-Romagna Region.



Concordia sul Secchia, Municipality of Concordia sul Secchia (MO) —
“Concordia 1”

Site;

Location map:

Sand boil sample:

Concordia sul Secchia, Municipal

N

A

ity of Concordia sul Secchia (MO)

Coordinates (WGS 84):

Longitude: 10°59'1.88"E

Sand boil image from:

Date of sampling:

Field observations: O

Seismic event:

May 20", 2012, M,, = 6.1: O

May 29" 2012, M,, = 5.9:

Liquefaction features:

Strike: ---

Dip: —

Yellow sand leakage from fissures in the asphalt;in correspondence of Tamoil

gas station

Liquefaction-induced land
damage category:

3 No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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grain size (mm)
Soil classification (USCS): Silty Sand (SM)
FC = 23% U= - | C=-- c=1878

Compositional information:




Paleoriver assignment: Secchia

Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: O UNIMORE: ¥
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Concordia sul Secchia, Municipality of Concordia sul Secchia (MO) —

“WP27 014>,

Site:

Concordia sul Secchia, Municipality of Concordia sul Secchia (MO)

Location map:

O N44°54'36"

Google Earth

Sand boil sample:

WP27_014

Coordinates (WGS 84):

Latitude: 44°54'36.00"N Longitude: 11° 2'16.80"E

Sand boil image from:

Aerial photography: ¥ Field observations: '

Date of sampling:

27/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: O May 29" 2012, M,, = 5.9: 1

Liquefaction features:

Strike: 160° Dip: 0°

Fracture with light grey fine sand, length 20 m. Circular ground failures in
correspondence of the mud boils

Liquefaction-induced land
damage category:

3 [""1No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution

curve: clay silt sand gravel
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grain size (mm)
Soil classification (USCS): Silty Sand (SM)
FC = 34% U=10.77 \ C=254 c=3.224




Compositional information:

Paleoriver assignment: Secchia or Po

Morphological features: Flat interfluvial depression: M Fluvial ridge: o
Data from: INGV: M UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Porporana, Municipality of Ferrara (FE) — “Ca2”

Site:

Location map:

Sand boil sample:

Porporana, Municipality of Ferrara (FE)

Coordinates (WGS 84):

Latitude; 44°49°34” N

Longitude:11°00°26” E

Sand boil image from:

Aerial photography: o

Field observations: O

Photo

Photo

Date of sampling:

Seismic event:

May 20" 2012, M,, = 6.1: &

May 29" 2012, M,,=5.9: 0

Liquefaction features:

Strike: ---

Dip: ---

Liquefaction-induced land
damage category:

3™ "1No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution curve:

clay silt

sand gravel

100 0.004 0.063 2

percent passing (%)

0.001 0.01 0.1 1 10

grain size (mm)

Soil classification (USCS): Silty Sand (SM)
FC=33% | U=6667 | <C=662 | ©=3438

Compositional information:
Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: o UNIMORE: M

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground

acceleration; LPI =

liguefaction potential index; LSN =

liquefaction severity number; S =

vertical




settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Rossa, Municipality of Finale Emilia(MO) — “Ca rossa 1”

Site: Rossa, Municipality of Finale Emilia (MO)
Location map:

Sand boil sample: Carossa 1

Coordinates (WGS 84): Latitude: 44°5323.35"N Longitude: 11°16'57.84"E

Sand boil image from: Aerial photography: M Field observations: O

Date of sampling: o ~30/05/2012

Seismic event: May 20", 2012, M,, = 6.1: ¥ May 29", 2012, M,, = 5.9: 0
Liquefaction features: Strike: --- Dip: ---

Fracture, length 1 m.

Liquefaction-induced land

) 4 [ No lateral spreading but large quantities of ejected material
damage category:

Grain size distribution curve:
clay silt sand gravel
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Soil classification (USCS): Poorly graded sand with silt (SP-SM)
FC=8% | U=424 | C=221 | o=1667

Compositional information:

Paleoriver assignment: Po




Morphological features: Flat interfluvial depression: M \ Fluvial ridge: o

Data from: INGV: 0 | UNIMORE:

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Finale Emilia, Municipality of Finale Emilia (MO) — “Fruttar_1”

Site;

Finale Emilia, Municipality of Finale Emilia (MO)

Location map:

\

L]
E 11°14'34.08"

® E 11°15'25.92"

Sand boil sample:

Fruttar_1

Coordinates (WGS 84):

Latitude: 44°53'48.19"N Longitude: 11°15'9.29"E

Sand boil image from:

Field observations: o

Aerial photography: M

Date of sampling:

Seismic event:

May 20" 2012, M,, = 6.1: & May 29" 2012, M,,=5.9: o

Liquefaction features:

Strike: 85° Dip: 0°

Fracture with grey-light blue sand. No sand upwelling from the well.

Liquefaction-induced land
damage category:

3 ""1No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution curve:

gravel
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Soil classification (USCS):

Silty Sand (SM)

FC=26% | U=1231 | C=339 | =2759

Compositional information:

Paleoriver assignment:

Po

Morphological features:

Flat interfluvial depression: M \ Fluvial ridge: o




Data from: INGV: ¥ | UNIMORE: O

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Martino Spino, Municipality of Mirandola(MO) — “INS07”

Site:

Location map:

Google Earth

Sand boil sample:

S. Martino Spino, Municipality of Mirandola (MO)

Legend:

O send boil sample

San Martino 3

O

E 11°14'8.16"

Coordinates (WGS 84):

Latitude: 44°54'59.44"N

Longitude: 11°14'8.58"E

Sand boil image from:

Date of sampling:

Aerial photography: ¥

Field observations: o

Seismic event:

May 20", 2012, M,, = 6.1: 0

May 29" 2012, M,, =5.9: &

Liquefaction features:

Strike: ---

Dip: ---

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:
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Soil classification (USCS):

Silty Sand (SM)

FC =32%

U=128 | C=245 o = 3.206

Compositional information:




Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: M Fluvial ridge: o
Data from: INGV: M UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Martino Spino, Municipality of Mirandola (MO) — “INS08”

Site: S. Martino Spino, Municipality of Mirandola (MO)
Location map:

Legend:
O send boil sample

Sand boil sample:

Coordinates (WGS 84): Latitude:44°55'21.72"N Longitude:11°13'45.43"E

Sand boil image from: Aerial photography: M Field observations: O

v

Date of sampling:
Seismic event: May 20", 2012, M,, = 6.1: O May 29", 2012, M,, = 5.9: ¥
Liquefaction features: Strike: 62° Dip: 0°

Fracture associated with a small pond (hot water reported);linear liquefactions
at the edge of the road with ejection of yellow sand

Liquefaction-induced land
damage category:
Grain size distribution curve:

4 [ No lateral spreading but large quantities of ejected material

clay silt sand gravel
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Soil classification (USCS): Poorly graded sand with silt (SP-SM)

FC=7% | U=258 | C=102 | o=1867




Compositional information:
Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: M Fluvial ridge: o
Data from: INGV: M UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Martino Spino, Municipality of Mirandola (MO) — “INS10”

Site: S. Martino Spino, Municipality of Mirandola (MO)

Location map:

WPA7 san mar spino

Sand boil sample: INS10

Coordinates (WGS 84): Latitude: 44°54'54.53"N Longitude: 11°13'51.58"E

Field observations: O

Sand boil image from: Aerial photography: ¥

Date of sampling:

Seismic event: May 20", 2012, M,, = 6.1: 0 May 29", 2012, M,, = 5.9: ¥

Liquefaction features: Strike: 65° Dip: 0°

Fracture, length 3 m. Sand thickness > 30 cm. No liguefaction on the fields
to the north. Locality of Pascoli - Via Zanzur: rising of the bottom of the
ditch with sand ejection.Fracture parallel to the ditch, filled with sand and

fractured; thin salt crusts on the surface

Liquefaction-induced land

] 3[™™"1No lateral spreading but minor to moderate quantities of ejected material
damage category:

Grain size distribution curve:
clay silt sand gravel
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Soil classification (USCS): Poorly graded sand (SP)
FC=4% | uU=20 | C=08 | o=1612
Compositional information:
Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: M Fluvial ridge: o
Data from: INGV: 4 UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liguefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Martino Spino, Municipality of Mirandola (MO) — “S.Mart1”

Site:

S. Martino Spino, Municipality of Mirandola (MO)

Location map:

Legend:
O sand boil sample

San Martino 3

O

E 11°14'8.16"

0

0

Google Earth

Sand boil sample:

S.Martl

Coordinates (WGS 84):

Latitude: 44°54'59.17"N Longitude:11°14'8.55"E

Sand boil image from:

Field observations: o

_Aerial photography: M

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: O May 29", 2012, M,, = 5.9: ¥

Liquefaction features:

Strike: 0° Dip: 0°

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)

FC =17% U=916 | C=291 o= 2.859

Compositional information:




Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: M Fluvial ridge: o
Data from: INGV: M UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Martino Spino, Municipality of Mirandola (MO) — “San Martino 1”

Site;

S. Martino Spino, Municipality of Mirandola (MO)

Location map:

Sand boil sample:

- e

San Martino 1

Coordinates (WGS 84):

Latitude: 44°55'14.78"N

Longitude: 11°14'11.05"E

Sand boil image from:

Date of sampling:

_ Aerial photography:IZl

Field observations: O

30/05/2012

Seismic event:

May 20", 2012, M, = 6.1: O

May 29", 2012, M,, = 5.9:

Liquefaction features:

Strike: 40°

Dip: 0°

Fracture with sand, length 300 m. Other fractures with sandparallel to the

main one

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:
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Soil classification (USCS):

Silty Sand (SM)

FC =24%

U= -

C=-- c=1.533

Compositional information:

Paleoriver assignment:

Po




Morphological features: Flat interfluvial depression: M Fluvial ridge: o

Data from: INGV: o UNIMORE: M

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Martino Spino, Municipality of Mirandola (MO) — “San Martino 2a”

Site:

S. Martino Spino, Municipality of Mirandola (MO)

Location map:

Legend:
O sand boil sample

A san Martino 3
INSO7 ey

San Martino 2b

O

San Martino 2a

E11°14'8.16"

Google Earth

Sand boil sample:

San Martino 2a

Coordinates (WGS 84):

Latitude: 44°54'59.00"N Longitude:11°14'7.87"E

Sand boil image from:

Field observations: o

Aerial photography: M

Date of sampling:

30/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: O May 29", 2012, M,, = 5.9:

Liquefaction features:

Strike: 116° Dip: 0°

Wet sand boils;Fracture with sand, length > 30 m.

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
Curve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)

FC=27% U=-- C=-- c=1.948

Compositional information:




Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: ¥ Fluvial ridge: o
Data from: INGV: o UNIMORE: ¥
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Martino Spino, Municipality of Mirandola (MO) — “San Martino 2b”

Site:

S. Martino Spino, Municipality of Mirandola (MO)

Location map:

Legend:

O
San Martino 3 O sand boil sample

o3 -

San Martino 2b

O

San Martino 2a

E11°14'8.16"

Google Earth

Sand boil sample:

San Martino 2b

Coordinates (WGS 84):

Latitude: 44°54'59.00"N Longitude: 11°14'7.87"E

Sand boil image from:

- erial potograph M Field observations: o

Date of sampling: 30/05/2012
Seismic event: May 20", 2012, M,, = 6.1: 0 May 29", 2012, M,, = 5.9: M
Liquefaction features: Strike: 116° Dip: 0°
Fracture with sand, length > 30 m, sample collected from the finer distal
portion

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
curve:

clay silt sand gravel

100 0.004 0.063 2

o
90 g
80 I @ San Martino 2b

percent passing (%)
[}
o
)

0.001 0.01 0.1 1 10
grain size (mm)

Soil classification (USCS):

Silt with sand (ML)




FC=73% U=13.89 C=245 o =2.952

Compositional information:

Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: M Fluvial ridge: o
Data from: INGV: O UNIMORE: ¥
In situ test:

M., = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature;
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements;INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena and
Reggio-Emilia; RER = Emilia-Romagna Region.




S. Martino Spino, Municipality of Mirandola(MO) - “San Martino 3”

Site;

S. Martino Spino, Municipality

Location map:

San Martino 3

O

E 11°14'8.16~

Google Earth

Sand boil sample:

San Martino

of Mirandola (MO)

3

Coordinates (WGS 84):

Latitude: 44°54'59.67"N

Longitude: 11°14'8.47"E

Sand boil image from:

Field observations: o

_Aerial photography: M

Date of sampling: 30/05/2012
Seismic event: May 20", 2012, M,, = 6.1: 0 May 29", 2012, M,, = 5.9: &
Liquefaction features: Strike: --- Dip: ---

Small wet boil with clay lenses

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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2307 //
20
10 {
0 E— E— t . t
0.001 0.01 0.1 1 10
grain size (mm)
Soil classification (USCS): Silty Sand (SM)
FC = 15% = | = 6=

Compositional information:

Paleoriver assignment:

Po




Morphological features: Flat interfluvial depression:1 Fluvial ridge: o

Data from: INGV: o UNIMORE: M

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Martino Spino, Municipality of Mirandola(MO) — “WP45”

Site:

S. Martino Spino, Municipality of Mirandola (MO)

Location map:

Legend:
O sand boil sample

Sand boil sample:

Coordinates (WGS 84):

Latitude: 44°55'16.86"N Longitude:11°13'43.93"E

Sand boil image from:

Aerial photography: M Field observations: 0o

.\7

r

Date of sampling: 06/06/2012
Seismic event: May 20", 2012, M,, = 6.1: O May 29", 2012, M,, = 5.9: ¥
Liquefaction features: Strike: 20° Dip: 0°

Linear liquefactions at the edge of the road with yellow sand ejection

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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90 /)
—a— wpas| |
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percent passing (%)

0.001 0.01 0.1 1 10
grain size (mm)

Soil classification (USCS):

Silty Sand (SM)

FC =19% u=7.14 ‘ C=257 c=2.91

Compositional information:




Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: M Fluvial ridge: o
Data from: INGV: 4 UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Martino Spino, Municipality of Mirandola (MO) — “WP47 San Mar Spino”

Site;

S. Martino Spino, Municipality of Mirandola (MO)

Location map:

Sand boil sample:

'WP47 san mar spino

WP47 San Mar Spino

Coordinates (WGS 84):

Latitude: 44°54'52.24"N

Longitude: 11°14'0.24"E

Sand boil image from:

eri

Date of sampling:

al photography: ¥
R _u;“;’/

Field observations: O

06/06/2012

Seismic event:

May 20™, 2012, M,, = 6.1: o

May 29" 2012, M,, = 5.9: 1

Liquefaction features:

Strike: 0°

Dip: 0°

Liquefactionalong the ditch

Liquefaction-induced land
damage category:

3 [No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution
curve:

clay

silt sand gravel

0.004 0.063 2

100

e oo

/ —@— WP47 San
Mar Spino

percent passing (%)
ul
o

0.01 0.1 1

grain size (mm)

10

Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC =9%

| u=313 | Cc=119 | o5=195

Compositional information:

Paleoriver assignment:

Po




Morphological features: Flat interfluvial depression: ¥ Fluvial ridge: o

Data from: INGV: M UNIMORE: o

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liguefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Cividale, Municipality of Mirandola (MO) — “WP55”

Site:

Cividale, Municipality of Mirandola (MO)

Location map:

N44$53:44%165

-

g 4
036022P854. 1::;-( 2

Google Earth

WP55

Sand boil sample:

Coordinates (WGS 84): Latitude: 44°53'45.85"N Longitude: 11° 5'42.36"E
Sand boil image from: Aerial photography: O Field observations: O
Date of sampling: 07/06/2012

Seismic event: May 20", 2012, M,, = 6.1: O May 29", 2012, M,, = 5.9: ¥
Liquefaction features: Strike: 100° Dip: 0°

Fracture with sand, length 30 m. To the South of via Gazzuoli

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
CuUrve:

clay silt sand gravel

100 0.004 0.063 2

| (o

percent passing (%)
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o
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0_-_._|!ln-nn T | R AT

0.001 0.01 0.1 1 10
grain size (mm)

Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC=11% | U=538 | C=275 | o=29%

Compositional information:

Paleoriver assignment:

Secchia or Po

Morphological features:

Flat interfluvial depression: ¥ Fluvial ridge: o

Data from:

INGV: M UNIMORE: o

In situ test:

CPTuA: 036022P853

Coordinates (WGS 84):

Latitude: 44°53'43.62"N | Longitude: 11° 542.04"E

Date:

21/03/2013




situ test:

Address: Viale Antonio Gramsci
D_epth tc? GWT during in 3.00m
situ test:
In situ test results: RESISTANGCE FRICTION PRESSURE SVPE INDEX
q, (MPa) f (kPa) u, (kPa) le
0 4 8 12 18 2 0 100 200 300 400 0 250 500 750 0 1 2 3 4
= 0 - 0 _ 0 - 0
E E E E
E 2 E 2 E 2 E 2
° 4 ° 4 ° 4 ° 4 i =
=
6 6 6 6 E_
8 8 8 8 §
S
10 10 10 10
12 12 12 12 §
14 14 14 14 g
1% 16 16 16 T
Liquefaction analysis: EQGWT =1.00m M, =5.9 amax = 0.41g
Graphs (l¢, gcin,CRRy s, S PE NDEX NORESISTANGE CYCLIC RESISTANGE RATIO SAETY FACTOR
CSR?'S’ FSqu) 0 1 ICZ 3 4 0 5?;1” (MF;Z)O 150 0 (EZSR”(VJERREG 08 e
2° 'xz T 0 £ ‘ —CSR7.5 B
E 5, | i E ) E ) —CRR75 E
o . é} % . o . a
6 E. 6 6
8 i 8 8
5:'::-
10 10 10
12 r % " 3 12 i 12
14 | % R % ., 2 14 g 14
16 5 5 §E s° 16 16 L L L
LPI=17.13 | LSN =20.73 | S=0.15m
Note: Thickness of surface layer: 4.2 m (from 0 to 4.2 m)
Thickness of liquefied layer: 5.6 m (from 4.2 to 9.8 m), 2.2 m (from 11.3 to
13.5 m)
Data from: RER: ¥ ] INGV: o
In situ test: CPTuB: 036022P854
Coordinates (WGS 84): Latitude: 44°53'43.39"N ] Longitude: 11° 5'40.54"E
Date: 22/03/2013
Address: Viale Antonio Gramsci
Depth to GWT during in 3.00m




In situ test results: RESISTANCE FRICTION PRESSURE S VPE INDEX "
q: (MPa) f; (kPa) uz (kPa) le
0 4 8 12 16 2 0 100 200 300 400 0 250 500 0 1 2 3 4
0 0 0 =
E E E E &
E : E : E E : ¥ §>
a . o \ o a \ —{I:S
6 6 6+
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Liquefaction analysis: EQGWT =1.00m My =5.9 amax = 0.41g
Graphs (I¢, 9can,CRRy 5, SR DB NORESSTANGE CYCLIC RESISTANGE RATIO SAPETY FACTOR
: le Gewn (MP2) CSRy5, CRRy g FSiq
CSR?'S' FS||q) 0 1 2 3 4 0 50 100 150 0 02 04 06 08 . .
B ’ g ;} B ’ T T B ° —CSR75 z :
E 2 § E 2 E 2 —CRR7.5 E
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LPI =24.70 | LSN = 30.00 | $=0.23m
Note: Thickness of surface layer: 3.8 m (from 0 to 3.8 m)
Thickness of liquefied layer: 11.2 m (from 3.8 to 15 m)
Data from: RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Cividale, Municipality of Mirandola (MO) — “WP60”

Site;

Cividale, Municipality of Mirandola (MO)

Location map:

Google Earth

Sand boil sample:

N44453:44+16=

Coordinates (WGS 84):

Latitude:44°53'46.97"N

Longitude:11° 5'34.98"E

Sand boil image from:

Aerial photography: o

Date of sampling:

07/06/2012

Field observations: M

Seismic event:

May 20™, 2012, M,, = 6.1: o

May 29" 2012, M,, =5.9:

Liquefaction features:

Strike: 80°

Dip: 0°

Fracture with sand, length 5 m. To the South of via Gazzuoli

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
curve:

clay silt
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sand gravel
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC = 9% |

U=3.67

C=122 | =22

Compositional information:




Paleoriver assignment:

Secchia or Po

Morphological features:

Flat interfluvial depression: M Fluvial ridge: o

Data from:

INGV: 1 UNIMORE: o

In situ test:

CPTuA: 036022P854

Coordinates (WGS 84):

Latitude: 44°53'43.39"N | Longitude: 11° 5'40.54"E

Date: 22/03/2013
Address: Viale Antonio Gramsci
D_epth tg GWT during in 300 m
situ test:
In situ test results: RESISTANCE FRIGTION PRESSURE SOYPEINDEX
q. (MPa) f, (kPa) u; (kPa) I
0 4 8 12 16 20 0 100 200 300 400 0 250 500 0 1 2 3 4
0 0 0 0 =
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Liquefaction analysis: EQGWT =1.00m M, =5.9 amax = 0.419
Graphs (l¢, dein,CRR75, St o N RESETANGE CVOLIC RESISTANGE RATIO SARETY FACTOR
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LPI = 24.70 | LSN = 30.00 | S=0.23m
Note: Thickness of surface layer: 4.2 m (from 0 to 4.2 m)
Thickness of liquefied layer: 5.6 m (from 4.2 t0 9.8 m), 2.2 m (from 11.3 to 13.5
m)
Data from: RER: ] INGV: 0
In situ test: CPTuB: 036022P853
Coordinates (WGS 84): Latitude: 44°53'43.62"N \ Longitude: 11° 5'42.04"E
Date: 21/03/2013
Address: Viale Antonio Gramsci
Depth to GWT during in 300m

situ test:




In situ test results: RESISTANGE FRICTION PRESSURE S VPE INDEX
q; (MPa) 1, (kPa) u, (kPa) le
0 4 8 12 16 20 0 100 200 300 400 0 250 500 750 0 1 2 3 4
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Liquefaction analysis: EQGWT=1.00m M, =5.9 amax = 0.41g
Graphs (l¢, gean,CRR7s, SVPE INDEX NORESSTANGE CYCLIC RESISTANGE RATIO SARETY FACTOR
: le dean (MP2) CSRyg, CRRy g FSiq
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LPI=17.13 | LSN =20.73 | S=0.15m
Note: Thickness of surface layer: 4.2 m (from 0 to 4.2 m)
Thickness of liquefied layer: 5.6 m (from 4.2 t0 9.8 m), 2.2 m (from 11.3 to 13.5
m)
Data from: RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Cividale, Municipality of Mirandola (MO) — “WP64”

Site: Cividale, Municipality of Mirandola (MO)

Location map Legend:

O sand boil sample

N44153:44+16= -
036022P853

#

2

036022P854 [RRIE
' ¥

$

Sand boil sample: WP64

Coordinates (WGS 84): Latitude: 44°53'46.00"N Longitude:11° 5'33.58"E

Sand boil image from: Aerial photography: O Field observations:

Date of sampling: 07/06/2012
Seismic event: May 20", 2012, M,, = 6.1: o May 29", 2012, M,, = 5.9: ¥
Liquefaction features: Strike: 70° Dip: 0°

Fracture with sand, length 10 m. To the South of via Gazzuoli

Liquefaction-induced land

) 4 [ No lateral spreading but large quantities of ejected material
damage category:

Grain size distribution curve:
clay silt sand gravel
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Soil classification (USCS): Poorly graded sand with silt (SP-SM)

FC=8% | U=316 | C=101 | o=2.16

Compositional information:




Paleoriver assignment:

Secchia or Po

Morphological features:

Flat interfluvial depression: M Fluvial ridge: o

Data from:

INGV: M1 UNIMORE: o

In situ test:

CPTuA: 036022P854

Coordinates (WGS 84): Latitude: 44°53'43.39"N | Longitude: 11° 5'40.54"E
Date: 22/03/2013
Address: Viale Antonio Gramsci
Depth to GWT during in situ
epthto G 9 3.00m
test:
In situ test results: RESISTANCE FRIGTION PRESSURE SVPENDEX
q: (MPa) fs (kPa) u, (kPa) I
0 4 8 12 16 20 0 100 200 300 400 0 250 500 0 1 2 3 4
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Liquefaction analysis: EQGWT =1.00m My, =5.9 amax = 0.419
Graphs (l¢, gean,CRR7 s, S PE NDEX NORESSTANCE CYCLIC RESISTANCE RATIO SARETY FACTOR
. I Qe1n (MPa) CSR;5 CRR;5 i
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Note: Thickness of surface layer: 4.2 m (from 0 to 4.2 m)
Thickness of liquefied layer: 5.6 m (from 4.2 to 9.8 m), 2.2 m (from 11.3 to
13.5 m)
Data from: RER: ¥ | INGV: O

In situ test:

CPTuB: 036022P853

Coordinates (WGS 84):

Latitude: 44°53'43.62"N ‘ Longitude: 11° 5'42.04"E

test:

Date: 21/03/2013
Address: Viale Antonio Gramsci
Depth to GWT during in situ 300m




In situ test results: RESISTANGE FRICTION PRESSURE SVPEINDEX
q; (MPa) f, (kPa) u, (kPa) I
0 4 8 12 16 20 0 100 200 300 400 0 250 50 750 o 1 2 3 4
0 —————— 0 ———— 0 . . 0 . <
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Liquefaction analysis: EQGWT=1.00m M, =5.9 amax = 0.41g
Graphs (lc, qclN,CRR7_5, SOIL BEHAVIOR NORMALIZED CONE CYCLIC STRESS RATIO & LIQUEFACTION
TYPE INDEX RESISTANCE CYCLIC RESISTANCE RATIO SAFETY FACTOR
CSR?.S: I:Sliq) I Qe (MPa) CSR;5, CRR;5 FSig
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Note: Thickness of surface layer: 4.2 m (from 0 to 4.2 m)
Thickness of liquefied layer: 5.6 m (from 4.2 t0 9.8 m), 2.2 m (from 11.3 to
13.5 m)
Data from: RER: | INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Cividale, Municipality of Mirandola (MO)- “WP66”

Site:

Cividale, Municipality of Mirandola (MO)

Location map:

Legend:
O send boil sample

N44353:44:16

036022P854 |-

Sand boil sample:

Coordinates (WGS 84):

Latitude: 44°53'47.40"N Longitude: 11° 5'35.48"E

Sand boil image from:

Aerial photography: o _Field observations: M

Date of sampling: 07/06/2012
Seismic event: May 20", 2012, M,, = 6.1: 0 May 29", 2012, M,, = 5.9:
Liquefaction features: Strike: 70° Dip: 0°

Fracture with sand, length 30 m. To the South of via Gazzuoli

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
Curve:

clay silt sand gravel
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC=5% | U=277 | C=094 [ ©=1959

Compositional information:




Paleoriver assignment: Secchia or Po
Morphological features: Flat interfluvial depression: M Fluvial ridge: o
Data from: INGV: M UNIMORE: o

In situ test:

CPTuA: 036022P854

situ test:

Coordinates (WGS 84): Latitude: 44°53'43.39"N | Longitude: 11° 5'40.54"E
Date: 22/03/2013
Address: Viale Antonio Gramsci
D_epth tg GWT during in 300 m
situ test:
In situ test results: RESISTANCE FRIGTION PRESSURE S PEINDEX "
q; (MPa) fs (kPa) u, (kPa) I
0 4 8 12 16 20 0 100 200 300 400 0 250 500 0 1 2 3 4
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Liquefaction analysis: EQGWT =1.00m M, =5.9 amax = 0.419
Graphs (l¢, gean,CRR7 s, S VPE NDEX MRS TANGE CYCLIC RESISTANCE RATIO SARETY FACTOR
CSR7'5’ FSqu) 0 1 ICQ 3 4 0 EZUN (MP1TJ)0 150 0 (:.:ZSRH(V)ERREB 0.8 0 0.5 :Sm
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Note: Thickness of surface layer: 4.2 m (from 0 to 4.2 m)
Thickness of liquefied layer: 5.6 m (from 4.2 to0 9.8 m), 2.2 m (from 11.3 to 13.5
m)
Data from: RER: 4 | INGV: o
In situ test: CPTuB: 036022P853
Coordinates (WGS 84): Latitude: 44°53'43.62"N ] Longitude: 11° 5'42.04"E
Date: 21/03/2013
Address: Viale Antonio Gramsci
Depth to GWT during in 300 m




In situ test results: RESISTANGE FRICTION PRESSURE S VPE INDEX
q, (MPa) f, (kPa) u, (kPa) I
0 4 8 12 16 20 0 100 200 300 400 0 250 500 750 0 1 2 3 4
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Liquefaction analysis: EQGWT =1.00m M, =5.9 amax = 0.41g
Graphs (l¢, gean,CRR7s, S PEINDEX NORESSTANCE CVCLIC RESISTANCE RATIO SARETY FACTOR
: Ie Gen (MPa) CSRy5, CRR,5 FSiq
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Note: Thickness of surface layer: 4.2 m (from 0 to 4.2 m)
Thickness of liquefied layer: 5.6 m (from 4.2 t0 9.8 m), 2.2 m (from 11.3 to 13.5
m)
Data from: RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢

= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; .y =
liguefaction potential index; LSN = liquefaction severity number; S = vertical

acceleration; LPI =

peak ground

settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Moglia, Municipality of Moglia (MN) — “Moglia 1”

Site:
Location map:

Sand boil sample:

Coordinates (WGS 84): Latitude: 44°55'53.20"N Longitude: 10°5429.75"E

Sand boil image from: Aerial photography: o Field observations: O

Date of sampling: 30/05/2012

Seismic event: May 20", 2012, M,, = 6.1: 0 May 29", 2012, M,, = 5.9: ¥

Liquefaction features: Strike: 0°

Dip: 0°

Liquefaction-induced land

) 4 [ No lateral spreading but large quantities of ejected material
damage category:

Grain size distribution curve:

clay silt sand gravel
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grain size (mm)
Soil classification (USCS): Silty Sand (SM)
FC=24% | U=1735 | C=384 | o6=1619

Compositional information:

Paleoriver assignment: Secchia

Morphological features: Flat interfluvial depression: V1 Fluvial ridge: o

Data from: INGV: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.

UNIMORE: M




La Bisana-Dosso, Municipality ofPieve di Cento (BO) — “Reno 1”

Site;

Location map:

Sand boil sample:

La Bisana-Dosso, Municipality of Pieve di Cento (BO)

L o2 B
',
2030100007 /
.

E 11°22'46.56" o®

2030100008

“.
o

N44°46'23.52"

Reno 1

Coordinates (WGS 84):

Latitude: 44°46'25.66"N

Longitude:11°22'28.45"E

Sand boil image from:

Ae

rial photography: ¥

Field observations: o

Date of sampling:

Seismic event:

May 20" 2012, M,, = 6.1: &

May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: 40° Dip: 0°

Fracture, length 40 m. Associated liquefaction (crater)

Liquefaction-induced land
damage category:

3[™"1No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution
Curve:

percent passing (%)
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0.063 2

/
A ==

0.004

100

O
o

0o}
o

N
o
.

3
N

H U
o O

N W
o o

0.01 0.1 1 10
grain size (mm)

Soil classification (USCS):

Silty Sand (SM)

FC=

24% = ‘ =

o =---

Compositional information:

Paleoriver assignment:




Morphological features: Flat interfluvial depression: M Fluvial ridge: o

Data from: INGV: o UNIMORE:
In situ test: CPTuA: 2030100008
Coordinates (WGS 84): Latitude:44°46'32.75"N \ Longitude: 11°22'32.42"E
Date: 01/06/2012
Address: Via BoscoPanfilia
Depth to GWT during in
Situ test: 1.00m
In situ test results: RESISTANCE FRICTION PRESSURE SCVPE INDEX
q (MPa) fs (kPa) u, (kPa) Il
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Liquefaction analysis: EQGWT =1.00m My =6.1 \ amax = 0.429
Graphs (I¢, gein,CRR7s, S VPE INDEX MO RESSTANCE CYCLIC RESISTANGE RATIO SARETY FACTOR
CSR7_5, FS"q) [ Jean (MPa) CSR;5 CRR;5 FSiq
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LPI =24.44 | LSN = 54.08 | S=0.15m
Note: Thickness of surface layer: 1 m (from 0 to 1 m)
Thickness of liquefied layer: 4.9 m (from 1 t0 5.9 m)
Data from: RER: ¥ | INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



La Bisana-Dosso, Municipality of Pieve di Cento (BO) — “Reno 2”

Site;

Location map:

2030100008

Sand boil sample:

La Bisana-Dosso, Municipality of Pieve di Cento (BO)

L o2 B
',
2030100007 /
.

E 11°22'46.56" o

“.
o

N44°46'23.52"

Reno 2

Coordinates (WGS 84):

Latitude: 44°46'35.53"N

Longitude:11°23'0.17"E

Sand boil image from:

Aerial photography:

y

Date of sampling:

Field observations: o

Seismic event:

May 20" 2012, M,, = 6.1: &

May 29", 2012, M,, = 5.9: o

Liquefaction features:

Strike: 0°

Dip: 0°

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
Curve:
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC=7%

o =---

U=267 | C=1.15 |

Compositional information:

Paleoriver assignment:

Reno




Morphological features: Flat interfluvial depression: M Fluvial ridge: o
Data from: INGV: o UNIMORE: M
In situ test: CPTuA: 203010U007
Coordinates (WGS 84): Latitude: 44°46'33.05"N \ Longitude: 11°22'51.01"E
Date:
Address: Via Confine
Depth to GWT during in
epth e g 1.00m
situ test:
In situ test results: RESISTANCE FRICTION PRESSURE S PE NDEX
q. (MPa) f, (kPa) u, (kPa) 1.
0 4 8 12 16 2 0 100 200 300 400 0 250 500 750 0 1 2 3 4
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Liquefaction analysis: EQGWT =1.00m My =6.1 amax = 0.429
Graphs (l¢, gen,CRRys, SPENDEX NORESTANGE CYCLIC RESISTANCE RATIO SARETY FACTOR
CSRys, FS"q) le dean (MPa) CSRy5, CRRy5 FSiq
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LPI=18.17 | LSN = 26.45 | S=0.11m
Note: Thickness of surface layer: 2.7 m (from 0 to 2.7 m)
Thickness of liquefied layer: 4.1 m (from 2.7 to 6.8 m)
Data from: RER: M INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Quistello, Municipality of Quistello (MN) — “INS01”

Site;

Location map:

Google Earth

Sand boil sample:

Quistello, Municipality of Quistello (MN)

Coordinates (WGS 84):

Latitude; 45°0'29.93"N

Longitude: 10°59'18.46"E

Sand boil image from:

Date of sampling:

Aerial photography: M

Field observations: O

Seismic event:

May 20", 2012, M,, = 6.1: O

May 29" 2012, M,, = 5.9:

Liquefaction features:

Strike: 0°

Dip: 0°

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:

clay

silt

sand gravel
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC=11%

U=2.86

| c=161 | o5=1853

Compositional information:

Paleoriver assignment:

Po




Morphological features:

Flat interfluvial depression: M

Fluvial ridge: o

Data from:

INGV: M

UNIMORE: o

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Quistello, Municipality of Quistello (MN) — “Quist1”

Site:

Location map:

Quistello, Municipality of Quistello (MN)

Legend:
O sand boil sample

mmmmmmmmmmmmmmm

'

.

Google Earth

Sand boil sample:

Quist 1

Coordinates (WGS 84):

Latitude: 45°0'50.74"N Longitude: 10°59'46.89"E

Sand boil image from:

Date of sampling:

Field observations: M

Aerial photography: M

Seismic event:

May 20", 2012, M,, = 6.1: O May 29" 2012, M,, = 5.9:

Liquefaction features:

Strike: 0° Dip: 0°

FractureN135 with sand

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC=7% | uU=33 | C=18 | =152

Compositional information:




Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: M Fluvial ridge: o
Data from: INGV: o UNIMORE: ¥
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Quistello, Municipality of Quistello (MN) — “Quist2”

Site;

Location map:

Quistello, Municipality of Quistello (MN)

O

Google Earth

Sand boil sample:

Quist 2

Coordinates (WGS 84):

Latitude: 45° 0'48.30"N

Longitude: 10°59'53.00"E

Sand boil image from:

Field observations:

Aerial photography: M

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: O

May 29", 2012, M,, = 5.9: M

Liquefaction features:

Strike: --- Dip: ---

Liquefaction-induced land
damage category:

3[™"1No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution curve:
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC =10%

| u=48 | C=250 | o5=152

Compositional information:




Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: V1 Fluvial ridge: o
Data from: INGV: o UNIMORE: ¥
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Quistello, Municipality of Quistello (MN) — “Quist 3”, localita “Quistello”

Site:

Quistello, Municipality of Quistello (MN)

Location map:

O sand boil sample

W < Fl = S 4 ‘& Legend:
= ;-,,; L 7 . ¢ Z )
B i N

°
-
e e

i WPT109_AP43

E 10°59 0106t /¥
S FE

Sand boil sample:

Coordinates (WGS 84):

Latitude: 45°0'25.30"N Longitude: 10°59'1.51"E

Sand boil image from:

Aerial photography: o Field observations: O

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: O May 29" 2012, M,,=5.9: &

Liquefaction features:

Strike: 0°

Dip: 0°

Liquefaction-induced land
damage category:

3 ""1INo lateral spreading but minor to moderate quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS):

Sandy Silt (ML)

FC=50% | U=387 | C=113 | o= -

Compositional information:

Paleoriver assignment:

Po

Morphological features:

Flat interfluvial depression: M Fluvial ridge: o

Data from:

INGV: o UNIMORE: 4

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical




settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Quistello, Municipality of Quistello (MN) — “Quist 4”

Site: Quistello, Municipality of Quistello (MN)

Location map: ' ISy .

2 F ‘& Legend:
i O sand boil sample

feld observation

.
A
e e

WPT109_AP43
% g

Sand boil sample: 1 Quist

Coordinates (WGS 84): Latitude: 45°0'30.03"N Longitude: 10°59'3.42"E
Sand boil image from: Aerial photography: o Field observations: o

Date of sampling:

Seismic event: May 20", 2012, M,, = 6.1: o May 29", 2012, M,, = 5.9: 1

Liquefaction features: Strike: 0° Dip: 0°

Liquefaction-induced land

) 3 ""1No lateral spreading but minor to moderate quantities of ejected material
damage category:

Grain size distribution curve:
clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)

FC=12% | uU=421 | cCc=132 | =169

Compositional information:

Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: V1 Fluvial ridge: o

Data from: INGV: o UNIMORE: M
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical




settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Quistello, Municipality of Quistello (MN) — “WPT073/AP16”

Site: Quistello, Municipality of Quistello (MN)
Location map:

Legend:
O sand boil sample

g

O

WPT073 AP16

Google Earthy

Sand boil sample:
Coordinates (WGS 84): Latitude: 45°0'32.76"N Longitude: 10°59'28.57"E
Sand boil image from: Aerial photography: M Field observations:

o

Date of sampling:

Seismic event: May 20", 2012, M,, = 6.1: O May 29", 2012, M,, = 5.9: I
Liquefaction features: Strike: 0° Dip: 0°

Liquefaction-induced land
damage category:
Grain size distribution curve:

4 [ No lateral spreading but large quantities of ejected material

clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC =23% Uu=12.0 ‘ c=37 c=2.78

Compositional information:




Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: M Fluvial ridge: o
Data from: INGV: 4 UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Quistello, Municipality of Quistello (MN) — “WPT109/AP43”

Site:

Quistello, Municipality of Quistello (MN)

Location map:

O sand boil sample

n
i E ~ Liquetation evidence - "
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o . >
Quist4 >
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R . ¥
/ N F 3 F 8 Legend:

Sand boil sample: “WPT109/AP43
Coordinates (WGS 84): Latitude: 45°0'28.48"N Longitude: 10°58'57.68"E
Sand boil image from:

Aerial photography: o ~_Field observations:

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: O May 29", 2012, M,, = 5.9: 1

Liquefaction features:

Strike: 0° Dip: 0°

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material




Grain size distribution curve:
clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=23% | U=68 | C=212 | =275

Compositional information:
Paleoriver assignment: Po
Morphological features: Flat interfluvial depression:; M Fluvial ridge: o
Data from: INGV: M UNIMORE: o

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Felice sul Panaro, Municipality of S.Felice sul Panaro (MO) — “San Felice 1”

Site:

Location map:

S. Flice sul Panaro, Municipality of S. Felice sul Panaro (MO)

N B Leend:

©  Sand boil sample
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Liquefaction evidence:
field observation
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Sand boil sample:

an Felice 1

Coordinates (WGS 84):

Latitude: 44°50'5.91"N Longitude: 11° 8'36.15"E

Sand boil image from:

Aerial photography: ¥ Field observations: I

26/05/2012

Date of sampling:
Seismic event: May 20", 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9: ¥
Liquefaction features: Strike: 20° Dip: 0°

Elongatedsand ejecta, 9.5 m long.

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
Curve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)




FC=35% | = - = - | 5=1554
Compositional information:
Paleoriver assignment: Panaro -Secchia
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: o UNIMORE: ¥

In situ test:

Borehole: 036037514S51401

Coordinates (WGS 84):

Latitude: 44° 50' 6.497 N |

Longitude: 11° 8'32.531"E

Data: 02/07/2013
Address: Via Giani Costa
Graph: Borehole log
Fine sand and fine silty sand
" Sand
E
E Sand
v Sand
Wl sywnd ]
Note:
Data from: RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground

acceleration; LPI =

liquefaction potential index; LSN = liquefaction severity number; S =

vertical

settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “San Felice 2”

Site;

Location map:

1

Sand boil sample:

S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO)

/ — Legend:

O sand boil sample
- Liquefaction evidence-
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Coordinates (WGS 84):

Latitude: 44°50'7.09"N

Sand boil image from:

Aerial photography: ¥

Date of sampling:

26/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: M

May 29", 2012, M,, = 5.9: M

Liquefaction features:

Strike: 175°

Dip: 0°

Fracture, length 10 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
curve:

clay silt sand gravel
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Soil classification .
(USCS): Silty Sand (SM)
FC = 14% U=--— | C=-- 6 =1.672
Compositional
information:
Paleoriver assignment: Panaro - Secchia
Morphological features: Flat interfluvial depression: o Fluvial ridge: ™
Data from: INGV: o UNIMORE: ¥
In situ test: Borehole: 036037514S1401
Coordinates (WGS 84): Latitude: 44° 50' 6.497 N | Longitude: 11° 8'32.531"E
Data: 02/07/2013
Address: Via Giani Costa
Graph: Borehole log
1 Fine sand and fine silty sand
" Sand
E -
§ 20 Sand
* Sand
Wl siysna ]
Note:
Data from: | RER: & | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “San Felice 3”

Site:

Location map:

S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO)

Legend:
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Sand boil sample:

San Felice 3

Coordinates (WGS 84):

Latitude: 44°50'8.64"N Longitude: 11° 8'35.57"E

Sand boil image from:

Aerial photography: ¥ Field observations: o

Date of sampling: 26/05/2012
Seismic event: May 20", 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9:
Liquefaction features: Strike: 195° Dip: 0°

Fracture, length 12.5 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material




Grain size distribution
curve: clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=28% | U=-- | Cc=—- | 5=1603
Compositional information:
Paleoriver assignment: Panaro - Secchia
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: o UNIMORE: M
In situ test: Borehole: 036037514S1401
Coordinates (WGS 84): Latitude: 44° 50'6.497 N \ Longitude: 11° 8' 32.531"E
Data: 02/07/2013
Address: Via Giani Costa
Graph: Borehole log
’ Fine sand and fine silty sand
Y Sand
E 20
& i, sand
40 o
Wl siysna ]
Note:
Data from: RER: ¥ | INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “San Felice 4”

Site:

Location map:

S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO)

Lgend: 1 7
0| O sand boil sample
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Sand boil sample:

San Felice 4

Coordinates (WGS 84):

Latitude: 44°50'10.70"N Longitude: 11° 8'40.38"E

Sand boil image from:

Aerial photography: o Field observations: O

Date of sampling:

26/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: & May 29" 2012, M,, =5.9: &

Liquefaction features:

Strike: --- Dip: ---

Liquefaction-induced land
damage category:

3 ["1No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)

FC=14% | = | = | o=1744
Compositional information:
Paleoriver assignment: Panaro - Secchia
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: o UNIMORE: M

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical




settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “San Felice 5”

Site:

Location map:

S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO)

Lgend: [ R8e7

| O send boil sample
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Sand boil sample:

San elic 5

Coordinates (WGS 84):

Latitude: 44°50'10.71"N Longitude:11°8'40.59"E

Sand boil image from:

Aerial photography: o Field observations: O

Date of sampling:

26/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: & May 29" 2012, M,,=5.9: &

Liquefaction features:

Strike: --- Dip: ---

Liquefaction-induced land
damage category:

3 ["1No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=20% | = - = | 5=1865
Compositional information:
Paleoriver assignment: Panaro - Secchia
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: O UNIMORE: M

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical




settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “San Felice 7”

Site:

Location map:

S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO)
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Sand boil sample:

San Felice 7

Coordinates (WGS 84):

Latitude: 44°50'13.99"N Longitude: 11°8'35.46"E

Sand boil image from:

Aerial photography: & Field observations:

v

, i 7’,

Date of sampling:

26/0

/2012

Seismic event:

May 20" 2012, M,, = 6.1: &

May 29" 2012, M,,=5.9: &

Liquefaction features:

Strike: 0°

Dip: 0°

Sand boil, fine gray sand. Diameter 20 m

Liquefaction-induced land
damage category:

3 No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution

curve: clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC = 23% = - | = - c=1611

Compositional information:

Paleoriver assignment:

Panaro - Secchia




Morphological features: Flat interfluvial depression: o Fluvial ridge: M

Data from: INGV: o UNIMORE: M

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liguefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “San Felice 8”

Site:

S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO)

Location map:

R ; e ﬂf l\\ Legend:
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Sand boil sample:

San Felice 8

Coordinates (WGS 84):

Latitude: 44°50'0.49"N Longitude:11°8'21.34"E

Sand boil image from:

Field observations: O

Aerial photography: &1

Date of sampling:
Seismic event: May 20", 2012, M,, = 6.1: May 29", 2012, M,, = 5.9: ¥
Liquefaction features: Strike: 0° Dip: 0°

Via Perossaro Vecchia n. 538. Abandoned well with diameter 1 m and depth
10-12 m. Water level:1.00 m b.g.l. (24/05/12). About 20 m® sand ejection
(inclusive of another well)

Liquefaction-induced land
damage category:

3 ™""INo lateral spreading but minor to moderate quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)

FC=40% | U=1556 | C=198 | ©=2.823
Compositional information:
Paleoriver assignment: Panaro - Secchia
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: O UNIMORE: ¥

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “WP01”,

Site:
Location map:

Sand boil sample:

Coordinates (WGS 84): Latitude: 44°50'3.34"N Longitude: 11°8'22.24"E
Sand boil image from: Aerial photography: Field observations:
= \.- T T R = 43| 5 ;,-7 F7

Date of sampling: S I 2/05/01
Seismic event: May 20", 2012, M,, = 6.1: & May 29", 2012, M,, = 5.9: ¥
Liquefaction features: Strike: 0° Dip: 0°

Via Perossaro Vecchia: building under construction. Sand upwelling from a
manhole at the edge of the sidewalk. Sand thickness 3-4 cm

Liquefaction-induced land
damage category:

Grain size distribution
curve: clay silt sand gravel
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Soil classification (USCS): Sandy Silt (ML)




FC = 51% U =250 C=1.69 | o=46659

Compositional information:

Paleoriver assignment: Panaro - Secchia

Morphological features: Flat interfluvial depression: o Fluvial ridge: ™
Data from: INGV: M UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “WP02”

Site:

Location map:

oo I €S

Sand boil sample:

Coordinates (WGS 84):

Latitude; 44°50'2.87"N

Longitude:11°8'20.87"E

Sand boil image from:

Date of sampling:

Aerial photography: ]

Field observations:

Seismic event:

May 20", 2012, M,, = 6.1: 1

May 29", 2012, M,, = 5.9:

Liquefaction features:

Strike: 0°

Dip: 0°

Liquefaction-induced land
damage category:

3 "1No lateral spreading but mino

r to moderate quantities of ejected material

Grain size distribution
curve:
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Soil classification (USCS):

Sandy

Silt (ML)

FC =52% U=3125

C=113 c=7.545




Compositional information:

Paleoriver assignment: Panaro - Secchia

Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: M UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “WP04”,

Site: S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO)
Location map: ' ' i ‘ ‘
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Sand boil sample: WP04

Coordinates (WGS 84): Latitude: 44°50'6.29"N Longitude:11° 8'20.94"E

Field observations: O

Sand boil image from: Aerial photography:

5

3 .\ .

Date of sampling: B 22/05/2012
Seismic event: May 20", 2012, M,, = 6.1: & May 29", 2012, M,, = 5.9: &
Liquefaction features: Strike: 76° Dip: 0°

Via Perossaro,Vecchia 346. Sand ejection. Coarser grain size with respect to
that of the sports ground area.E-W fractures with ground uplift and paving
damage

quuefacuon_mdyced land 4 [ No lateral spreading but large quantities of ejected material
damage category:

Grain size distribution curve:
clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)

percent passing (%)




FC=38% | U=250 C=387 | ©=3968

Compositional information:

Paleoriver assignment: Panaro - Secchia

Morphological features: Flat interfluvial depression: o Fluvial ridge: ™
Data from: INGV: 4 UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liguefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “WP08”,

Site:

S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO)

Location map:
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Sand boil sample:

Coordinates (WGS 84):

Latitude: 44°50'7.73"N Longitude: 11°8'35.12"E

Sand boil image from:

Date of sampling:

Aerial photography: ¥ __Field observations:

22/05/2012

Seismic event:

May 20" 2012, M,, = 6.1: &4 May 29" 2012, M,,=5.9: &

Liquefaction features:

Strike: 0 Dip: 0

Fracture, length 20 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution

curve: clay silt sand gravel
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?Sg élse;s:smcatlon Silty Sand (SM)
FC = 26% U=30.0 | C=1120 6 =4.209




Compositional
information:

Paleoriver assignment: Panaro - Secchia

Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: 4 UNIMORE: o
In situ test: Borehole: 036037514S1401

Coordinates (WGS 84):

Latitude: 44° 50'6.497 N

| Longitude: 11° 8' 32.531"E

Data: 02/07/2013
Address: Via Giani Costa
Graph: Borehole log
Fine sand and fine silty sand
n Sand
E
g. Sand
v Sand
Wl sysna |
Note:
Data from: RER: 4 | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “WP09 San Fel

stadio”

Site:

Location map:

San Felice 1

— -
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Sand boil sample:

W9 an Fel stadio

Coordinates (WGS 84):

Latitude: 44°50'7.51"N

Longitude: 11°8'37.36"E

Sand boil image from:

Date of sampling:

Field observations: o

photography: ¥

22/05/2012

Seismic event:

May 20" 2012, M,, = 6.1: &4 May 29" 2012, M,, =5.9: &

Liquefaction features:

Strike: 40° Dip: 0°

Fracture, length 16 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)




FC = 36% U =29.09 C=284 ‘ c=4.230

Compositional information:

Paleoriver assignment: Panaro - Secchia

Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: M UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “WP15”,

Site:

S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO)

Location map:

Legend:
O sand boil sample

Sand boil sample:

Coordinates (WGS 84):

Latitude: 44°50'4.60"N Longitude: 11°8'37.61"E

Sand boil image from:

Aerial photography: O Field observations: I

22/05/2012

Date of sampling:
Seismic event: May 20", 2012, M,, = 6.1: & May 29", 2012, M,, = 5.9: ¥
Liquefaction features: Strike: 0° Dip: 0°

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)

FC=21% U =10.59 ‘ C=5.52 c=2.797

Compositional information:




Paleoriver assignment: Panaro - Secchia

Morphological features: Flat interfluvial depression: o Fluvial ridge: ™
Data from: INGV: 4 UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “WP18”

Site:

S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO)

Location map:

Legend:

O sand boil sample

Sand boil sample:

Coordinates (WGS 84):

Latitude: 44°50'3.05"N Longitude: 11°8'35.20"E

Sand boil image from:

Aerial photography: o Field observations: O

Date of sampling:

22/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: & May 29" 2012, M,,=5.9: &

Liquefaction features:

Strike: 100° Dip: 0°

Fracture, length 2 m

Liquefaction-induced land
damage category:

4 I No lateral spreading but large quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=33% | U=291 | C=451 | ©=4185
Compositional information:
Paleoriver assignment: Panaro - Secchia
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: M UNIMORE: o

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical




settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “WP27”

Site: S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO)

Location map: . Legenc:

O sand boil sample

iquetaction evidence -

Sand boil sample: o WpP27

Coordinates (WGS 84): Latitude: 44°50'2.44"N Longitude: 11°8'27.89"E
Sand boil image from: Aerial photography: M ~ Field observations:

Date of sampling: 22/05/2012
Seismic event: May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, = 5.9: ¥
Liquefaction features: Strike: 76° Dip: 0°

Fracture, length 7.5 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material




Grain size distribution
curve:
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Soil classification (USCS):

Sandy Silt (ML)

FC =52% U=3143

C=115 c=4.891

Compositional information:

Paleoriver assignment:

Panaro - Secchia

Morphological features:

Flat interfluvial depression: o

Fluvial ridge: M

Data from:

INGV: M

UNIMORE: o

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “WP29”

Site:

S. Felice sul Pa

Location map:

i

@

Sand boil sample:

Coordinates (WGS 84):

Latitude: 44°50'3.88"N

Longitude: 11°8'25.55"E

Sand boil image from:

Aerial photography: ¥

Date of sampling:

Fild observations:

T

22/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: M

May 29", 2012, M,, = 5.9: M

Liquefaction features:

Strike: 0°

Dip: 0°

San Felice train station

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
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Soil classification (USCS):

Silty Sand (SM)

FC = 27% U=2923 |

C=731 c=4.237

Compositional information:




Paleoriver assignment: Panaro - Secchia

Morphological features: Flat interfluvial depression: o Fluvial ridge: ™
Data from: INGV: M UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “WP34”

Site: S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO)
Location map: = o ' ‘

T

[ ST

Sand boil sample: WP34

Coordinates (WGS 84): Latitude: 44°50'4.60"N Longitude: 11°8'21.95"E

Field observations: O

Sand boil image from: Aerial htaphy: M

Date of sampling: o 2210512012
Seismic event: May 20", 2012, M,, = 6.1: ¥ May 29", 2012, M,, = 5.9: &
Liquefaction features: Strike: 0° Dip: 0°

Eco Byte company.Sand upwelling from the well.

Liquefaction-induced land

) 4 [ No lateral spreading but large quantities of ejected material
damage category:

Grain size distribution

curve: clay silt sand gravel
100 0.004 0.063 2
90 f
80 —-—WP34P—

70 1
60
50 | /

40 1 -

30 1
= /I/././
10

0.001 0.01 0.1 1 10
grain size (mm)

percent passing (%)

Soil classification (USCS): Silty Sand (SM)




FC =34%

C=281 | o0=4834

Compositional information:

Paleoriver assignment:

Panaro - Secchia

Morphological features: Flat interfluvial depression: o Fluvial ridge: ™
Data from: INGV: 1 UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground

acceleration; LPI =

liquefaction potential index; LSN = liquefaction severity number; S = vertical

settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Felice sul Panaro, Municipality of S. Felice sul Panaro (MO) — “WP40”,

Site:

Location map:

w S

Sand boil sample:

S. Felice sul Panaro, M

u

Legend:
O sandboil sample

) Liquefaction evidence-
field observation

O Borehole

Coordinates (WGS 84):

Latitude: 44°50'3.91"N

Longitude: 11°8'31.13"E

Sand boil image from:

Date of sampling:

Aerial photography: @

06/06

Field obserations: 4|

/2012

Seismic event:

May 20", 2012, M,, = 6.1: M

May 29" 2012, M,, =5.9: &

Liquefaction features:

Strike:

00

Dip: 0°

Sand upwelling from the roadside

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
CuUrve:

clay

silt
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Soil classification (USCS):

Sandy Silt (ML)

FC =59% U=17.78 C=147 o =4.087
Compositional information:
Paleoriver assignment: Panaro - Secchia
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: 1 UNIMORE: O

In situ test:

Borehole: 036037514S1401

Coordinates (WGS 84):

Latitude: 44° 50' 6.497 N |

Longitude: 11° 8' 32.531"E

Data: 02/07/2013
Address: Via Giani Costa
Graph: Borehole log
1 Fine sand and fine silty sand
b Sand
E
g. 20 Sand
* Sand
Wl smysna ]
Note:
Data from: RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Stoffi, Municipality of S.Giacomo delle Segnate (MN) — “INS02”

Site:

Stoffi, Municipality of S. Giacomo delle Segnate (MN)

Location map:

Legend:
O send boil sample

o0 |

E10:5743:2"

Sand boil sample:

INS02

Coordinates (WGS 84):

Latitude:44°56'37.51"N Longitude: 10°57'43.56"E

Sand boil image from:

Aerial photography: o Field observations: O

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: o May 29" 2012, M,, =5.9: &

Liquefaction features:

Strike: ---

Dip: ---

Liquefaction-induced land

3 [""1No lateral spreading but minor to moderate quantities of ejected material

damage category:
Grain size distribution curve:
clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=13% | U=667 | C=240 | o©=2.498

Compositional information:

Paleoriver assignment:

Secchia or Po

Morphological features:

Flat interfluvial depression: ¥ Fluvial ridge: o

Data from:

INGV: M UNIMORE: o

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical




settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Mirabello, Municipality of Terre del Reno (FE) — “Cast1”

Site;

Mirabello, Municipality of Terre del Reno (FE)

Location map:

| Legend:
O sand boil sample

Liquefaction evidence:
field observation

@ Liauefaction evidence:
aerial observation

@ Cone penetration test (CPT)

E 11°27'5.76"

038016P295

Sand boil sample: Castl

Coordinates (WGS 84): Latitude: 44°502" N Longitude: 11°26'50" E

Sand boil image from: Aerial photography: O Field observations: O

Date of sampling: 30/06/2012

Seismic event: May 20", 2012, M,, = 6.1: [1 May 29", 2012, M,, = 5.9: 0

Liquefaction features: Strike: 140° Dip: 0°

Fracture, length 25 m. Fondo S. Gaetano, sample takenon the right of the

house

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
curve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)

FC=21% | U=-- C=—- | 06=1530

Compositional information:

Paleoriver assignment:

Reno

Morphological features:

Flat interfluvial depression: M Fluvial ridge: o

Data from:

INGV: o UNIMORE: M

In situ test:

CPTuA: 038016P295




Coordinates (WGS 84): Latitude: 44°50'3.02"N \ Longitude: 11°27'1.74"E

Date: 28/06/2014
Address: SP468R
Depth to GWT during in situ
P g 3.00 m
test:
In situ test results: RESISTANGE FRICTION SOVPE NDEX
q, (MPa) fs (kPa) le
0 4 8 12 16 2 0 100 200 300 400 0 1 2 3 4
0 0 0
E E E
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& £ E 3
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Liquefaction analysis: EQ GWT = 1.00 m M, = 6.1 | amax = 0.460
Graphs (I, gcin,CRR7 s, SPENDEX NORESSTANGE CYCLIC RESISTANGE RATIO SARETY FACTOR
. le Gean (MPa) CSRys, CRRy 5 FSiq
CSR?'S' FS||q) 0 1 2 3 4 0 50 100 150 0 02 04 06 08 . .
0 . 0 r 0 .
E % 3 E %‘ 5
T2 E 2 2 —CRR7.5 z
I g, g4 g
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1t % Er 14 14
6 2 gg» N 16 16
18 %g E @ % 18 18
S5 ®r S8 ;
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LPI = 21.47 | LSN = 26.41 | S=0.30m
Note: Thickness of surface layer: 6.2 m (from 0 to 6.2 m)
Thickness of liquefied layer: 13.8 m (from 6.2 to 20 m)
Data from: RER: | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Casumaro, Municipality of Terre del Reno (FE) — “Casum1”

Site: Casumaro, Municipality of Terre del Reno (FE)

Location map:

Legend:
O sand boil sample

Liquefaction evidence -
field observ

[ ]
({ ]
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1106439218 T o506 6" | E 11°26'39.84
: ALY
e ) A —_
e B
~Q ?
(]
[ ] (]
Google Earth
Sand boil sample: Casuml

Coordinates (WGS 84): Latitude: 44°50'12.83"N Longitude: 11°26'22.80"E

Field observations: O

Sand boil image from: Aerial photography: M

= S o~

§

Date of sampling:

Seismic event: May 20", 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9: 0

Liquefaction features: Strike: 75 Dip: 0

Fracture, length 3 m. Locality Lodi

Liquefaction-induced land

) 4 [ No lateral spreading but large quantities of ejected material
damage category:

Grain size distribution
curve: clay silt sand gravel
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Soil classification (USCS): Poorly graded sand with silt (SP-SM)
FC = 6% | U=23 | Cc=126 | ©=1610
Compositional information:
Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: M Fluvial ridge: o
Data from: INGV: O UNIMORE: ¥
In situ test: CPTuA: 13244
Coordinates (WGS 84): Latitude: 44°50'19.02"N | Longitude: 11°26'32.41"E
Date: 20/05/2014
Address: Via Correggese
D_epth tg GWT during in 3.00m
situ test:
In situ test results: RESISTANCE FRICTION PRESSURE S OVPE INDEX
q, (MPa) fs (kPa) u, (kPa) I
0 4 8 12 16 20 0 100 200 300 400 0 250 500 0 1 2 3 4
0 0 T T 0 T 0 T
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2 1 = 8 [ % é ) ﬂig
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Liquefaction analysis: EQGWT=1.0m M, =6.1 amax = 0.469
Graphs (I¢, 9ean,CRRy, PENDEX N RESISTANCE CYCLIC RESISTANGE RATIO SARETY FACTOR
CSRys, FS"q) I Gen (MP2) CSRy5 CRR 5
’ 0 1 2 3 4 0 50 100 150 0 02 04 06 08
0 FARR RN 20 . —CSR7.5 B
§ 2t 5 "If’ 2t § 2 —CRR7.5 '\1%
2.1 €§ gt 4 &
6| g‘?‘g 6 6
8 <>?—- 8 8
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ufp 8 1} 14
16 é .8 2 16 16
1t ;.gé%,g o é 18 18
20 5337 s° 20 20 - - -
LPI =24.27 | LSN = 26.66 | S=0.40m
Note: Thickness of surface layer: 5.8 m (from 0 to 5.8 m)
Thickness of liquefied layer: 14.2 m (from 5.8 to 20 m)
Data from: RER: ¥ | INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Casumaro, Municipality of Terre del Reno (FE) — “Casum2”

Site:

Casumaro, Municipality of Terre del Reno (FE)

Location map:
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Sand boil sample:

Casum?2

Legend:
O sand boil sample

Liquefaction evidence -
field observ

Liquefaction evidence -
aerial observation

@ Piezocone test (CPTu)

E 11°26'39.84

Coordinates (WGS 84):

Latitude: 44°50'14.32"N

Longitude: 11°26'13.26"E

Sand boil image from:

Field observations: O

Aerial photography: M

Date of sampling:

Seismic event:

May 20" 2012, M,, = 6.1: &4

May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: 0°

Dip: 0°

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material




Grain size distribution

curve: clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=33% | U=-- | C=-- | ©=1525

Compositional information:

Paleoriver assignment:

Reno

Morphologicalfeatures:

Flat interfluvial depression: M

Fluvial ridge: o

Data from:

INGV: o

UNIMORE: 4

In situ test:

CPTuA: 13244

Coordinates (WGS 84):

Latitude: 44°50'19.02"N ’

Latitude: 44°50'19.02"N

Date: 20/05/2014
Address: Via Correggese
Depth to GWT during in
epin ke 9 3.00m
situ test;
In'situ test resuls: e e gy
q, (MPa) fs (kPa) u, (kPa) I
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Liquefaction analysis: EQGWT=10m M,, = amax = 0.469




SOIL BEHAVIOR NORMALIZED CONE CYCLIC STRESS RATIO & LIQUEFACTION

Graphs (IC| qclN,CRR75| TYPE INDEX RESISTANCE CYCLIC RESISTANCE RATIO SAFETY FACTOR
CSR7 5y FS"q) le e (MPa) CSR;5 CRR; 5 FSi
’ 1 2 3 4 0 50 100 150 0 02 04 06 08
0 — 0 0
B £ K T B —CSR7.5 B
g 2 b 5 £2f T2 —CRR75 z
g, 5=§ gyl &y &
6 ggi 6 6
8 f T 8 8
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14 | ‘g 14 | 14
o b Eog, e 1 16
S £5
18 g ,;%g; %g 18 18
2 LD A R 2 2 S
LPI =24.27 | LSN = 26.66 | S=0.40m
Note: Thickness of surface layer: 5.8 m (from 0 to 5.8 m)
Thickness of liquefied layer: 14.2 m (from 5.8 to 20 m)
Data from: RER: 4 | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Casumaro, Municipality of Terre del Reno (FE) — “fgmv064”

Site:

Location map:

Sand boil sample:

Casumaro, Municipality of Terre del Reno (FE)

Legend:
O Sand boil sample

Liquefaction evidence -
field observation

@ Liquefction evidence -
aerial observation

@  Piezocone test (CPTu)

( ]

[ ]

'%1126'1392” ST g
B 294 N442504168"

= -

L X J [ ] —_—

_.3——— [ ]
[ ]

Google Earth

fgmv064

Coordinates (WGS 84):

Latitude: 44°50'12.62"N Longitude: 11°26'21.79"E

Sand boil image from:

Aerial photography: M Field observations: O

e T o~

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9: 0

Liquefaction features:

Strike: 70° Dip: 0°

Fracture, length 7m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC=5% | U=153 | C=098 | o0=1531

Compositional information:

Paleoriver assignment:

Reno

Morphological features:

Flat interfluvial depression: ¥ Fluvial ridge: o

Data from:

INGV: 1 UNIMORE: o
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In situ test: CPTuA: 13244
Coordinates (WGS 84): Latitude: 44°50'19.02"N | Latitude: 44°50'19.02"N
Date: 20/05/2014
Address: Via Correggese
Depth to GWT during in situ 3.00m
test:
In situ test results: RESISTANGE FRICTION PRESSURE e pex
0 4 q';MP:Z 16 20 100' (;OP:] 300 400 0 uz;':;” 500 0 1 "2 3 4
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Liquefaction analysis: EQ GWT = 1.0m My =6.1 amax = 0.469
Graphs (¢, gein, CRRy7 5, Ve NDEX NORESTANGE CYCLIC RESISTANGE RATIO SARETY FACTOR
CSRy 5, FS"q) le Gewn (MPa) CSRy5, CRRy 5 FSiq
’ 0 1 2 3 4 0 100 150 0 02 04 06 08 0 05 1 15
0 ——— 0 0 0 -
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18 ;-g g% .:E:g % § 18 18 18
2 LIS KRR 2 2 - 2
LPI = 24.27 LSN = 26.66 | S=0.40m
Note: Thickness of surface layer: 5.8 m (from 0 to 5.8 m)
Thickness of liquefied layer: 14.2 m (from 5.8 to 20 m)
Data from: RER: M INGV: o

My, =

moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢

= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground

acceleration; LPI
settlements; INGV =

liquefaction potential index; LSN = liquefaction severity number;
Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena

S vert

and Reggio-Emilia; RER = Emilia-Romagna Region.

ical



Mirabello, Municipality of Terre del Reno (FE) “Mirabello new”

Site:

Location map:

Mirabello, Municipality of Terre del Reno (FE)

o Legend:
\ 4 © sand boil sample
3 \ Lia -
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Sand boil sample:

Mirabello new

Coordinates (WGS 84):

Latitude: 44°48'47.31"N Longitude: 11°26'6.25"E

Sand boil image from:

Date of sampling:

Aerial photography: M Field observations: o

Seismic event:

May 20" 2012, M,, = 6.1: & May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: 103° Dip: 0°

Fracture with silty sand, length 15 m

Liquefaction-induced land
damage category:

5 I Moderate to major lateral spreading; ejected material often observed

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)

FC = 12% U=461 | C=148 c=1827

Compositional information:




Paleoriver assignment:

Reno

Morphological features:

Flat interfluvial depression: o

Fluvial ridge: M

Data from:

INGV: o

UNIMORE: M

In situ test:

CPTuA: 038016P364

Coordinates (WGS 84): Latitude:44°48'47.28"N l Longitude: 11°26'4.42"E
Date: 27/03/2015
Address: Corso ltalia
Depth to GWT during in situ 300 m
test:
In situ test results: RESISTANCE FRICTION S NPEINDEX
0 4 q‘ﬁmp:)z % 20 0 100“:::) a0 400 01 Inz 34
s R T T e T T = =
E 2 E 2 Ea2f}
£ E s Eal 7
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test:

Data from: RER: M |
In situ test: CPTuB: 038016P358
Coordinates (WGS 84): Latitude: 44°48'46.22"N | Longitude: 11°26'7.00"E
Date: 14/09/2012
Address: Corso ltalia
Depth to GWT during in situ 3.00m
test:
In situ test results: RESISTANCE FRIGTION SVPE INDEX |
0 4 q‘B(MPaIJZ 16 20 0 mon (;E:) 300 400 0 1 I; 3 4
0 0 0
E 2 E 2 EE E 2 i
® ", " Al
10 10 10
b " . it
16 16 16 ?
” 2 2l o=
2 2 sl 1 =1
2 28 28 H %a‘ )
30 30 30
Data from: RER: ¥ \ INGV: O
In situ test: CPTuC: 038016P367
Coordinates (WGS 84): Latitude: 44°48'46.43"N \ Longitude: 11°26'7.90"E
Date: 03/09/2014
Address: Corso ltalia
Depth to GWT during in situ 3.00m




CONE SLEEVE SOIL BEHAVIOR

In situ test results: RESISTANCE FRICTION TYPE INDEX
o (MPa) f; (kPa) [
0 4 & 12 16 2 0 100 200 300 400 o 1 2 3 4
0 : ————r 0 M
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Data from: RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Mirabello, Municipality of Terre del Reno (FE) — “Mirabello 1”

Site;

Location map:

Sand boil sample:

erabello Mun|C|paI|ty of Terre deI Reno (FE)

Legend:
©  sendboil sample

O Liquefaction evidence-
field observation

@ Conepenevationtest CPT) P

/

Coordinates (WGS 84):

Longitude: 11°27'20.00"E

Sand boil image from:

Date of sampling:

Field observations: O

Seismic event:

May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, = 5.9: 0

Liquefaction features:

Strike: 40° Dip: 0°

Fracture affecting the road (failure to the N), a small perimetral wall of an
house and its garden

Liquefaction-induced land
damage category:

6 I Several lateral spreading; ejected material often observed




Grain size distribution
curve: clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC = 48% U=190 | C=28 | = -
Compositional information:
Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: o Fluvial ridge: ™
Data from: INGV: o UNIMORE: ¥
In situ test: CPTuA: 038016P216
Coordinates (WGS 84): Latitude: 44°49'21.26"N \ Longitude: 11°27'17.54"E
Date: 06/06/2012
Address: Via IV Novembre
erth tg GWT during in 3.00m
situ test:
In situ test results: RESISTANCE FRICTION SPE INDEX.
q, (MPa f, (kPa) I
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Data from: RER: ¥ | INGV: O
In situ test: Borehole: 038016P245
Coordinates (WGS 84): Latitude: 44.82282 ° \ Longitude: 11.45427°
Data: 05/07/2012
Address Via ArginePostale




Graph: Borehole log
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Note:

Data from: RER: ¥ | INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Mirabello, Municipality of Terre del Reno (FE) — “Mirabello 2”

Site:

Terre del Reno (FE)

Location map:

Mirabello, Municipality of

Y 4 Legend:
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S o9 Mirabello 2 I

Google Earth

Sand boil sample:

Mirabello 2

Coordinates (WGS 84):

Latitude: 44°49'39.41"N Longitude:11°27'57.42"E

Sand boil image from:

Aerial photography: o Field observations: O

Date of sampling:

Seismic event:

May 20" 2012, M,, = 6.1: &4 May 29" 2012, M,,=5.9: o

Liquefaction features:

Strike: --- Dip: ---

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution

curve: clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=15% | = - = | 5=1723
Compositional information:
Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: o UNIMORE: M

In situ test:

CPTuA: 038016P205

Coordinates (WGS 84):

Latitude: 44°49'39.18"N \ Longitude: 11°27'57.18"E

Date:

02/05/2013

Address:

Via ArgineVecchio




Depth to GWT during in situ
P g 3.00m
test:
In situ test results: RESISTANCE FRIGTION SVPE DB
G, (MPa) fs (kPa) Ic
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Liquefaction analysis: EQGWT=3.0m My, =6.1 | amax = 0.44g
Graphs (l¢, gein,CRR7 5, S eE o N ESSTANGE — CVOLIC RESISTANGE RATIO SARETY FACTOR
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Note: Thickness of surface layer: 6.8 m (from 0 to 6.8 m)
Thickness of liquefied layer: 2.3 m (from 6.8 t0 9.1 m)
Data from: RER: 4 | INGV: o
In situ test: CPTuB: 038016P387
Coordinates (WGS 84): Latitude: 44°49'40.73"N \ Longitude: 11°27'58.97"E
Date: 18/02/2014
Address: Via Argine Vecchio
Depth to GWT during in situ
pth tc g 3.00m
test (m):
In situ test results: RESISTANGE FRICTION Ve D
q, (MPa) f, (kPa) I
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Liquefaction analysis: EQGWT=3.0m M,, = 6.1 | amax = 0.44g




SOIL BEHAVIOR NORMALIZED CONE CYCLIC STRESS RATIO & LIQUEFACTION

Graphs (IC, qC]_N,CRR]s, TYPE INDEX RESISTANCE CYCLIC RESISTANCE RATIO SAFETY FACTOR
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Note: Thickness of surface layer: 4 m (from 0 to 4 m)
Thickness of liquefied layer: 2 m (from 4 to 6 m)
Data from: RER: 4 | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




Mirabello, Municipality of Terre del Reno (FE) — “Mirabello 3”

Site:

Location map:

&

S| 038016P361

{ 4
Mirabello 3

O

Google Earth

Sand boil sample:

Mirabello, Municipality of

.\

Te

rre del Reno (FE)

Legend:
@l O sand boil sample

o2

4 038016P387
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038016P205

e
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% .,,
= 038016P205

Coordinates (WGS 84):

Latitude: 44°49'37.56"N

Longitude: 11°27'53.76"E

Sand boil image from:

Date of sampling:

Field observations: o

Aerial photography: ¥

Seismic event:

May 20" 2012, M,, = 6.1:

|

May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: ---

Dip: ---

Liquefaction-induced land
damage category:

5 I Moderate to major lateral spreading; ejected material often observed

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=12% =-- = - o =1.683

Compositional information:




Paleoriver assignment: Reno

Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: o UNIMORE: ¥
In situ test: CPTuA: 038016P205
Coordinates (WGS 84): Latitude: 44°49'39.18"N \ Latitude: 44°49'39.18"N
Date: 02/05/2013
Address: Via Argine Vecchio
Depth t(? GWT during in situ 300 m
test (m):
In situ test results: RESISTANCE FRICTION SCPE INDEX |
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Data from: RER: M | INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground

acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena

and Reggio-Emilia; RER = Emilia-Romagna Region.



Casumaro, Municipality of Terre del Reno (FE) — “WP36”

Site: Mirabello, Municipality of Terre del Reno (FE)

Location map: Legend:

O sand boil sample

Liquefaction evidence -
field observ
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Google Earth
Sand boil sample: WP36

Coordinates (WGS 84): Latitude: 44°50'12.55"N Longitude: 11°2621.80"E

= e o~

Sand boil image from: Aerial photography: M Field observations: O

&

Date of sampling:

Seismic event: May 20", 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9: 0

Liquefaction features: Strike: 75° Dip: 0°

Fracture, length 6 m. LocalityLodi

quuefactlon-lndlljced land 4 [ No lateral spreading but large quantities of ejected material
damage category:

Grain size distribution
curve: clay
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Soil classification (USCS): Poorly graded sand with silt (SP-SM)
FC=8% | U=133 | C=056 | o6=1748
Compositional information:
Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: M Fluvial ridge: o
Data from: INGV: 4 UNIMORE: O
In situ test: CPTuA: 13244
Coordinates (WGS 84): Latitude: 44°50'19.02"N | Latitude: 44°50'19.02"N
Date: 20/05/2014
Address: Via Correggese
D_epth tg GWT during in 3.00m
situ test:
In situ test results: RESISTANGE FRICTION PRESSURE S VP NDBX
q, (MPa) fs (kPa) u, (kPa) I
0 4 8 12 18 2 0 100 200 300 400 0 250 500 0 1 2 3 4
0 0 T T 0 T 0 T
E 2 E 2t E 2 F E 2t “{
E 4 Eoal £ o4 f Eaf 7 %
8 6 86| 8 s 8 s f {_=_=?
8 8 8 f 8 P an
10 10 10 F 10 r
12 12 12 12 r
14 14 | 14 | 1% L
16 16 16 16 L
18 18 | 18 | 18
20 20 F 20 20 w
22 2 r 22 2+ g
2 2 | 24 | 24t % g iz
26 p 2 | % %t = § E
2 1 =t 8 | wf ERELsE
3 E) 0 30 AL
Liquefaction analysis: EQGWT=10m M, =6.1 amax = 0.469
Graphs (l¢, gean,CRR7 s, SVPE NDEX N RESISTANCE CYCLIC RESISTANCE RATIO SAPETY FACTOR
CSRys, FS"q) I Gewn (MP2) CSRy5 CRRys
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Note: Thickness of surface layer: 5.8 m (from 0 to 5.8 m)
Thickness of liquefied layer: 14.2 m (from 5.8 to 20 m)
Data from: RER: ¥ | INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Casumaro, Municipality of Terre del Reno (FE) — “WP47 San Car (upper)”

Site:

Casumaro, Municipality of Terre del Reno (FE)

Location map:

L3l \WP47 San Car (upper)

038016P302

o
"/

Google Earth

Sand boil sample:

WP47 San Car (upper)

Coordinates (WGS 84):

Latitude: 44°50'13.56"N Longitude: 11°24'58.82"E

Sand boil image from:

Aerial photography: o Field observations: O

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: & May 29" 2012, M,,=5.9: o

Liquefaction features:

Strike: 60°

Dip: 0°

Liquefaction-induced land
damage category:

3 ""1INo lateral spreading but minor to moderate quantities of ejected material

Grain size distribution
Curve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)

FC=22% | U=1895 | C=98 | =339

Compositional information:

Paleoriver assignment:

Reno

Morphological features:

Flat interfluvial depression: V1 Fluvial ridge: o

Data from:

INGV: M UNIMORE: o

In situ test:

CPTuA: 038016P302

Coordinates (WGS 84):

Latitude: 44°50'13.31"N ’ Latitude: 44°50'13.31"N

Date:

05/07/2014

Address:

SP468R




Depth to GWT during in situ
" g 3.00 m
In situ test results: RESISTANCE FRICTION SCNPE INDEX .
q; (MPa) f. (kPa) I
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Liquefaction analysis: EQGWT =1.00m My =6.1 amax = 0.469
Graphs (l¢, gein, CRR7 s, SV NDEX MO RESRTANCE CVCLIC RESISTANCE RATIO SARETY FACTOR
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Note: Thickness of surface layer: 4.2 m (from 0 to 4.2 m)
Thickness of liquefied layer: 15.8 m (from 4.2 to 20 m)
Data from: RER: ¥ | INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Casumaro, Municipality of Terre del Reno (FE) — “WP47a San Car”

Site:

Casumaro, Municipality of Terre del Reno (FE)

Location map:

Legend:

O sand boil sample
@ Comepensraion st ©n

038016P302

Sand boil sample:

WP47a San Car

Coordinates (WGS 84):

Latitude: 44°50'13.56"N Longitude: 11°24'58.82"E

Sand boil image from:

Aerial photography: o Field observations: O

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: 1 May 29" 2012, M,, = 5.9: O

Liquefaction features:

Strike: 60°

Dip: 0°

Liquefaction-induced land
damage category:

3 ""INo lateral spreading but minor to moderate quantities of ejected material

Grain size distribution
Curve:

clay silt sand gravel
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC=10% | U=326 [ C=126 | =2.259

Compositional information:

Paleoriver assignment:

Reno

Morphological features:

Flat interfluvial depression: V1 Fluvial ridge: o

Data from:

INGV: M UNIMORE: o

In situ test:

CPTuA: 038016P302

Coordinates (WGS 84):

Latitude: 44°50'13.31"N ’ Longitude: 11°25'0.31"E

Date:

05/07/2014

Address:

SP468R




Depth to GWT during in situ 3.00m
test:
In situ test results: FRIGTION Ve DER
e s 4Pa) e
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Liquefaction analysis: EQGWT =1.00m M, =6.1 amax = 0.469
Graphs (l¢, gean,CRR7s, S PENDEX NORESSTANCE CVCLIC RESISTANCE RATIO SARETY FACTOR
CSR?'S' FS"q) 0 1 ICZ 3 4 0 STJCJN(MF;:)O 150 0 (TZSR75(;.(;RR7(;6 08 . o K
B ’ g z ’ T B ° —CSR7.5 B |
E 2 E 2 E 2 —CRR75 E
g g4t 84l i
2
6 6 6
8 8 r 8 E
10 10 | 10
12 12 12
14 % 14 14
16 é P 16 16
18 ;j g 18 18
20 : d 20 20 . . . .
LPI = 28.78 | LSN =32.29 | S=034m
Note: Thickness of surface layer: 4.2 m (from 0 to 4.2 m)
Thickness of liquefied layer: 15.8 m (from 4.2 to 20 m)
Data from: RER: ¥ ] INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Agostino, Municipality of Terre del Reno (FE) — “S.Agost 117

Site:

S. Agostino, Municipality of Terre del Reno (FE)

Location map:

"v -
’—— = Legend:
036037S1451401 2 o Sand boil sample

Liguefaction evidence-
field observation

@ Liguefuction evidence-
aerial observation

@ Cone penctration test (CPT)

Sand boil sample:

.Agost_l

Coordinates (WGS 84):

Latitude: Longitude:
44°47'37.86"N 11°23'14.46"E

Sand boil image from:

Field observations: o

Aerial photography: M
BT -

24/05/2012

Date of sampling:
Seismic event: May 20", 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9: O
Liquefaction features: Strike: 38 Dip: 0

4 brown sand boils in a raw.Preexisting fracture possibly reactivated in the
northern portion of the soccer field

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material




Grain size distribution

curve: clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=26% | U=168 | C=004 [ =302

Compositional information:

Paleoriver assignment:

Reno

Morphological features:

Flat interfluvial depression: o

Fluvial ridge: M

Data from:

INGV: M

UNIMORE: o

In situ test:

CPTuA: 038021P781

Coordinates (WGS 84):

Latitude: 44°47'35.70"N ‘

Longitude: 11°23'16.51"E

Date: 27/08/2014
Address: Via Statale
D_epth to GWT during in 1.00m
situ test (m):
In situ test results: RESISTANGE FRIGTION PRESSURE SVPE x|
q (MPa) f, (kPa) u, (kPa) Ie
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Liquefaction analysis: EQGWT =3.00m My =6.1 amax = 0.469




Graphs (l¢, gcin,CRRys,

CYCLIC STRESS RATIO &
CYCLIC RESISTANCE RATIO

NORMALIZED CONE
RESISTANCE

SOIL BEHAVIOR
TYPE INDEX

LIQUEFACTION
SAFETY FACTOR
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LPI =18.43 | LSN = 23.78 | S=0.20m
Note: Thickness of surface layer: 3.2 m (from 0 to 3.2 m)
Thickness of liquefied layer: 5.9 m (from 3.2 t0 9.1 m)
Data from: RER: 4 | INGV: o
In situ test: Borehole: 038021P452
Coordinates (WGS 84): Latitude: 44°47'39.894"N | Longitude: 11°23' 14.064"E
Data: 02/07/2013
Address: Viale Giuseppe Mazzini
Graph: Borehole log
£
I
Note:
Data from: RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.« = peak ground

acceleration; LPI =

liquefaction potential index; LSN = liquefaction severity number; S =
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena

and Reggio-Emilia; RER = Emilia-Romagna Region.
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S. Agostino, Municipality of Terre del Reno (FE) — “S.Agost_12”

Site:

S. Agostino, Municipality of Terre del Reno (FE)

Location map:

N .}
Y 3 - > = Legend:

© sead boil sample

ﬂ & 03603751451401 N

Liquefaction evidence-
field observation

@ Liquefaction evidence:
aerial observation

@  Cone penetration test (CPT)

e O Borehole

'. \
o ‘(‘?

\

) A

i

038021P781 r
1

e

4

Sand boil sample:

Coordinates (WGS 84):

Latitude: 44°47'38.54"N Longitude:11°23'14.75"E

Sand boil image from:

Field observations: O

Aerial photography: M

Date of sampling:

24/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: 68° Dip: 0°

Grey sand upwelling in the northern portion of the soccer field

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
Curve:

clay silt sand gravel
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Soil classification (USCS):

Sandy Silt (ML)




FC =56% U=22.86 C=1.29 c=471
Compositional information:
Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: O Fluvial ridge: M
Data from: INGV: 1 UNIMORE: o
In situ test: CPTuA: 038021P781
Coordinates (WGS 84): Latitude: 44°47'35.70"N \ Longitude: 11°23'16.51"E
Date: 27/08/2014
Address: Via Statale
Depth to GWT during in
Situ test: 1.00m
In situ test results: RESISTANCE FRICTION PRESSURE SCVPE NDEX |
q; (MPa) s (kPa) u; (kPa) Ie
0 4 § 12 16 20 0 100 200 300 400 0 250 500 750 1000 0 1 2 3 4
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g 2 E 2 E 2 E 2 [ i
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a i o 2 =] z : o z : t;
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12 12t 12 12 F
14 14 K 14 14 +
16 16 16 16 +
18 18 L 18 | 8 f o
20 20 20 20 w
2 22 2t 2 Ei:
2% % [ u | w2 g A
2 26 f 26 | % g‘ 2 S
% 28 | 2 [ wf £ 1
30 30 30 30 p—
Liquefaction analysis: EQGWT =3.00m M, =6.1 amax = 0.469
Graphs (l¢, gcn,CRRy s, S PENDEX | NORESSTANGE CYCLIC RESISTANCE RATIO SARETY FACTOR
CSR?'S’ FS"q) 0 1 ch 3 4 0 SEUN(M:Z)O 150 0 ()C.28R75(;.(:RR705.6 0.8 0 05 :Sm 15 2
— 0 = —_ 0 _ 0 _
z o z < Sal <
& g & & &
o 4 -E; o 4 o 4 a
6 éf 6 6
8 i 8 8
10 hﬁ' 10 10
12 12 12
14 g === 14 14
16 é § ;: 2 16 16
18 % § ‘é%i é 18 18
20 L 3.!32 ° 20 20 . .
LP1=18.43 | LSN =23.78 | S=0.20m
Note: Thickness of surface layer: 3.2 m (from 0 to 3.2 m)
Thickness of liquefied layer: 5.9 m (from 3.2 t0 9.1 m)
Data from: RER: M INGV: O
In situ test: Borehole: 038021P452
Coordinates (WGS 84): Latitude: 44° 47' 39.894"N \ Longitude: 11° 23' 14.064"E
Data: 02/07/2013
Address: Viale Giuseppe Mazzini




Graph: Borehole log

Fine sand

20 Silty clay
Fine sand

Depth (m)

25 Silty clay

35

Fine sand

40

Note:

Data from: RER: | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Carlo, Municipality of Terre del Reno (FE) — “San Carlo M_5”

Site:

S. Carlo, Municipality of Terre del Reno (FE)

Location map:

Legend:
O sand boil sample

Sand boil sample:

San Carlo M_5

Coordinates (WGS 84):

Latitude: 44°47'57.16"N Longitude:11°247.20"E

Sand boil image from:

Aerial photography: ¥ Field observations: o

i’

24/05/2012

Date of sampling:
Seismic event: May 20", 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9: O
Liquefaction features: Strike: 35° Dip: 0°

Fractures with grey sand, length > 200 m. Sand thickness < 2 m. Deformation
band (width >30 m) perpendicular to the main fractures

Liquefaction-induced land
damage category:

6 I Several lateral spreading; ejected material often observed

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)

FC = 37% U=356 | C=222 o = 4.569




Compositional information:

Paleoriver assignment: Reno

Morphological features: Flat interfluvial depression: o Fluvial ridge: ™
Data from: INGV: M UNIMORE: o
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Carlo, Municipality of Terre del Reno (FE) — “San Carlo new”

Site:

Location map:

S. Carlo, Municipality of Terre del Reno (FE)

o evidence

2. £ “* A
— “ L & O sand boil sample
| 038021P793 3 N
® iquetct

Sand boil sample:

San Carlo new

Coordinates (WGS 84):

Latitude: 44°47'47.87"N Longitude: 11°23'59.48"E

Sand boil image from:

Aerial photography: ¥ Field observations: ¥

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: 20° Dip: 0°

Fracture in the cemetery’s wall continuing to the SW on the asphalt (length 15
m)and ending in the adjacent field

Liquefaction-induced land
damage category:

6 I Several lateral spreading; ejected material often observed

Grain size distribution
Curve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)




FC=43% | U=1333 C=188 | o=

Compositional information:

~
=

Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: o Fluvial ridge: ™
Data from: INGV: o UNIMORE: ¥
In situ test: CPTuA: 038021P786
Coordinates (WGS 84): Latitude: 44°47'48.25"N | Longitude: 11°24'1.28"E
Date: 25/09/2014
Address: Via Statale
D_epth to GWT during in 1.00m
situ test (m):
In situ test results: RESISTANCE FRICTION PRESSURE S VPE NDEX
0 4 r"IE("W?"Z 1% 20 0 100 ¥ (Z:Da, 300 400 0 2;:]2 (kpa;m) 750 0 1 IEZ 3 4
_ 0 _ 0 _ _ 0
E E E E
a : a S =] a : : gf}
10 10 10 | -
12 12 :i :
16 %

[
S ®» >
o o o
S » >

N
N7
N
T

L=

L ‘ :
F 5 H
£ c
L s g,
% 5
30

(R
> B
[
S =
il

gravellyldense sands

~
&
[
5]

sand mmuresﬂ

sands

w
=3
@w
=3

Data from: RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Carlo, Municipality of Terre del Reno (FE) — “San Carlo 1”

Site:

Location map:
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Sand boil sample:

San Carlb 1

Coordinates (WGS 84):

Sand boil image from:

Date of sampling:

Field observations: O

Longitude: 11°24'33.43"E

26/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: 1

Liquefaction features:

Strike: --- Dip: ---

Liquefaction-induced land
damage category:

5 I Moderate to major lateral spreading; ejected material often observed

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)

FC = 20% = | = e

Compositional information:

May 29", 2012, M,, = 5.9: O

6 =1.793




Paleoriver assignment:

Reno

Morphological features:

Flat interfluvial depression: o

Fluvial ridge: M

Data from:

INGV: o

UNIMORE: M

In situ test:

CPTuA: 038021P823

Coordinates (WGS 84):

Latitude: 44°48'11.54"N | Longitude: 11°24'32.76"E

test:

Date: 18/05/2015
Address: Via Risorgimento
Depth to GWT during in situ 1.00m

CONE SLEEVE PORE SOIL BEHAVIOR

In situ test results: RESISTANCE FRICTION PRESSURE TYPE INDEX
a (MPa) f. (kPa) u; (kPa) Ie
0 4 8 12 1B 2 0 100 200 300 400 0 250 500 750 1000 1250 01 2 3 4
0 ————r 0 ————r 0 B 0 ———
o =] [=}
° 4 4 4 _;’.
3
6 8 6 6 _Z
8 8 8 8 %
10 10 10 10 r
12 12 12 12 %
14 14 14 14 E %n é
16 16 16 16 i
Data from: RER: ¥ | INGV: O
In situ test: CPTuB: 038021P665
Coordinates (WGS 84): Latitude: 44°48'12.75"N \ Longitude: 11°24'31.22"E
Date: 13/02/2014
Address: Via Risorgimento
Depth to GWT during in situ
P 9 1.00 m
test:
In situ test results: RESISTANCE FRICTION PRESSURE SVPEINDEX
q; (MPa) f, (kPa) u, (kPa) le
0 4 8 12 186 20 0 100 200 300 400 0 250 500 750 1000 1250 0 1 2 3 4
0 — 0 0
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Data from: RER: ¥ \ INGV: 0

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Carlo, Municipality of Terre del Reno (FE) — “San Carlo 2b”

Site:

Location map:
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Sand boil sample:

San Carld 2b

Coordinates (WGS 84):

Latitude: 44°48'12.26"N Longitude: 11°24'32.94"E

Sand boil image from:

Date of sampling:

Field observations: O

26/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: --- Dip: ---

Liquefaction-induced land
damage category:

5 I Moderate to major lateral spreading; ejected material often observed

Grain size distribution curve:

clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC =24% U=-- C=-- c = 1.666

Compositional information:




Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: o UNIMORE: ¥
In situ test: CPTuA: 038021P823
Coordinates (WGS 84): Latitude: 44°48'11.54"N | Longitude: 11°24'32.76"E
Date: 18/05/2015
Address: Via Risorgimento
Depth to GWT during in situ 1.00m
test:
In situ test results: RESISTANCE FRIGTION PRESSURE SPEINDEX
& (MPa) . (kPa) u; (kPa) I
0 4 8 12 16 20 Q 100 200 300 400 0 250 500 750 1000 1250 0 1 2 3 4
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Data from: RER: ¥ | INGV: O
In situ test: CPTuB: 038021P665
Coordinates (WGS 84): Latitude: 44°48'12.75"N | Longitude: 11°24'31.22"E
Date: 13/02/2014
Address: Via Risorgimento
Depth to GWT during in situ 1.00m
test:
In situ test results: RESISTANCE FRICTION PRESSURE SPE NDEX
q; (MPa) f. (kPa) u, (kPa) le
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Data from: RER: ¥ \ INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Carlo, Municipality of Terre del Reno (FE) — “San Carlo 3”

Site:

S. Carlo, Municipality of Terre d

Location map:

el Reno (FE)
et = &=
> Legend:
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Sand boil sample:

San Carlo 3

Coordinates (WGS 84):

Latitude: 44°48'12.65"N Longitude: 11°24'25.52"E

Sand boil image from:

Field observations: o

Date of sampling: 26/05/2012
Seismic event: May 20", 2012, M,, = 6.1: & May 29", 2012, M,, = 5.9: 0
Liquefaction features: Strike: 60° Dip: 0°

Fracture with liquefaction, length 65 m, toward Via De Gasperi

Liquefaction-induced land
damage category:

5 I Moderate to major lateral spreading; ejected material often observed

Grain size distribution
CuUrve:

clay silt sand gravel
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Soil classification (USCS):

Silty Sand (SM)

FC = 14%

= = | o=1728

Compositional information:

Paleoriver assignment:

Reno

Morphological features:

Flat interfluvial depression: O Fluvial ridge: M

Data from:

INGV: o UNIMORE: M

In situ test:

CPTuA: 038021P192

Coordinates (WGS 84): Latitude: 44°48'12.88"N | Longitude: 11°24'25.96"E
Date: 26/05/2012
Address: Via Gramsci
D_epth t(? GWT during in 1.00m
situ test:
In situ test results: RESISTANCE FRICTION SPE DR
q;(MPa) fe (kPa) Ie
0 4 8 12 16 20 0 100 200 300 400 0 1 2 3 4
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Data from: RER: ¥ | INGV: O

In situ test:

DMTa: 038021P764

Coordinates (WGS 84):

Latitude: 44°48'11.19"N ‘ Longitude: 11°2428.57"E

Date: 28/02/2013
Address: Via Morandi
Depth to GWT during in
eptn i g 1.00m
Situ test:
In situ test results: "iNDEX “o0ULUS SHEAR STRENGTH e “VEtoairy
Io M (MPa) ¢, (KPa) Ko Vs (mis)
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Data from: RER: ¥ | INGV: O
In situ test: Borehole: 038021P161
Coordinates (WGS 84): Latitude: 44°48'12.996"N ’ Longitude: 11° 24' 25.919"E
Data: 21/06/2012

Address:

Via Gramsci




Graph: Borehole log Blow counts Nser
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Data from: RER: ¥ | INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Carlo, Municipality of Terre del Reno (FE) — “San Carlo 4”

Site:
Location map:

S. Carlo, Mun|C|paI|ty of Terre del Reno (FE)

. . & \ Legend:
2 . ! .
- S 3 4 O Sand boil sample
L } Y & e - <\ i

¢ Liquefaction evidence-
" field observation
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‘ L/ = [ etration test (CP
) @ < v - - ‘. A . > : @ Cone pen: n test (CPT)

038021P689
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@ Seismic dilatometer test (SDMT) {8

Sand boil sample: San Carlo 4
Coordinates (WGS 84): Latitude: 44°48'10.01"N Longitude: 11°2427.20"E

Field observations: O

Sand boil image from: i Aer|al photography IZI ’

Date of sampling: | T 26/05/2012
Seismic event: May 20", 2012, M,, = 6.1: & May 29", 2012, M,, = 5.9: 0
Liquefaction features: Strike: 60° Dip: 0°

Fracture, length 9 m

Liquefaction-induced land
damage category:
Grain size distribution

5 I Moderate to major lateral spreading; ejected material often observed

curve: clay silt sand gravel
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC=9% | U =4.00 C=141 | 5=1746
Compositional information:
Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: o Fluvial ridge: ™
Data from: INGV: o UNIMORE: ¥

In situ test:

CPTuA: 038021P689

Coordinates (WGS 84):

Latitude: 44°48'10.98"N | Longitude: 11°24'24.98"E

Date: 19/07/2013
Address: Via De Gasperi
D_epth tg GWT during in 1.00m
Situ test:
In situ test results: RESISTANCE FRICTION SVPE INDEX
q, (MPa) fs (kPa) le
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Data from: RER: ¥ | INGV: 0
In situ test: DMTa: 038021P764

Coordinates (WGS 84):

Latitude: 44°48'11.19"N ‘ Longitude: 11°2428.57"E

Date: 28/02/2013
Address: Via Morandi
Depth to GWT during in 1.00m
situ test: '
: MATERIAL CONSTRAINED UNDRAINED HORIZONTAL STRESS SHEAR WAVE
In situ test results: INDEX MODULUS SHEAR STRENGTH INDEX VELOCITY
Ib M (MPa) ¢, (KPa) Ko Vs (mis)
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Data from: RER: ¥ ] INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Carlo, Municipality of Terre del Reno (FE) — “San Carlo 5”

Site:

S. Carlo, Municipality of Terre del Reno (FE)

Location map:

NED

M Legend:
O sand boil sample
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IN44:48772:4%
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San Carlo 6

0

Sand boil sample:

an Carlo 5

Coordinates (WGS 84):

Latitude: 44°48'6.51"N Longitude:11°24'27.45"E

Sand boil image from:

Aerial photography: M Field observations: O
{ <% v W

Date of sampling: 26/05/2012
Seismic event: May 20", 2012, M,, = 6.1: & May 29", 2012, M,, = 5.9: 0
Liquefaction features: Strike: --- Dip: ---

Liquefaction-induced land
damage category:

5 I Moderate to major lateral spreading; ejected material often observed

Grain size distribution curve:

clay silt sand gravel
1 0 0 0.004 0.063 2
90
80 / —#&— San Carlo 5:|

percent passing (%)

0.1 1 10
grain size (mm)

Soil classification (USCS):

Sandy Silt (ML)

FC =54% U=5.33 ‘ C=133 c = 2.068

Compositional information:




Paleoriver assignment: Reno

Morphological features: Flat interfluvial depression: M Fluvial ridge: o
Data from: INGV: O UNIMORE: ¥
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Carlo, Municipality of Terre del Reno (FE) — “San Carlo 6”

Site:

Location map:

S. Carlo, Municipality of Terre del Reno (FE)
: : 4 & L(e)geS:r[\jd:bullsample

-

IN44:48772:4%

Em

L
San Carlo 6

Sand boil sample:

an Carlo 6

Coordinates (WGS 84):

Latitude: 44°48'4.86"N Longitude: 11°2424.67"E

Sand boil image from:

Field observations: O

Aerial photography: M

>

Date of sampling: 6/05/2012
Seismic event: May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, = 5.9: 0
Liquefaction features: Strike: --- Dip: ---

Liquefaction-induced land
damage category:

5 I Moderate to major lateral spreading; ejected material often observed

Grain size distribution curve:

clay silt sand gravel
100 0.004 0.063 2
90 - /
80 f/ —@— San CarI06:|
70
g 60 1 /
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10
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0.001 0.01 0.1 1 10
grain size (mm)
Soil classification (USCS): Silty Sand (SM)
FC =45% U =10.56 ‘ C=292 c = 2.666

Compositional information:




Paleoriver assignment: Reno

Morphological features: Flat interfluvial depression: M Fluvial ridge: o
Data from: INGV: O UNIMORE: ¥
In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; o
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liguefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Carlo, Municipality of Terre del Reno (FE) — “San Carlo 7”

Site:

Location map:

S. Carlo, Municipality of Terre del Reno (FE)

ERlil-24:117#28"

Legend:
O sand boil sample

A san Carlo 7

038021P112 > v

Sand boil sample:

San Carlo 7

Coordinates (WGS 84):

Latitude: 44°482.16"N

Longitude: 11°24'20.81"E

Sand boil image from:

Date of sampling:

Aerial photography: M

Field observations: O

" 26/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: M

May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike; ---

Dip: ---

Liquefaction-induced land
damage category:

3 [""1No lateral spreading but minor to moderate quantities of ejected material

Grain size distribution
Curve:
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Soil classification (USCS):

Silty Sand (SM)

FC =28%

= | = o=1.768

Compositional information:




Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: V1 Fluvial ridge: o
Data from: INGV: O UNIMORE: ¥
In situ test: CPTuA: 038021P112
Coordinates (WGS 84): Latitude: 44°47'59.49"N | Longitude: 11°24'16.19"E
Date: 31/10/1996
Address: Via Statale
Depth to GWT during in
epth IC 9 1.00 m
situ test:
In situ test results: RESISTANGE FRICTION SOVPE INDEX
q, (MPa) 1, (kPa) [
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Liquefaction analysis: EQGWT=1.00m M, =6.1 | amax = 0.469
Graphs (l¢, gean,CRR7s, S NPEINDEX NORESISTANCE CYCLIC RESISTANGE RATIO SARETY FACTOR
. le Gean (MPa) CSR;5 CRR;5
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LPI=18.88 | LSN = 30.49 | S=0.27m
Note: Thickness of surface layer:1.5 m (from 0 to 1.5 m)
Thickness of liquefied layer: 5.7 m (from 1.5 to 7.2 m)
Data from: RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Carlo,

Municipality of Terre del Reno (FE) — “Tosatti 3”

Site:

Location map:

S. Carlo, Municipality of Terre del Reno (FE)

Legend:
O sand boil sample

Sand boil sample:

Tosatti 3

Coordinates (WGS 84):

Latitude: 44°48'31.00"N Longitude: 11°24'47.00"E

Sand boil image from:

Aerial photography: O Field observations: o

Date of sampling:

Seismic event:

May 20" 2012, M,, = 6.1: & May 29" 2012, M,, = 5.9: 0

Liquefaction features:

Strike: ---

Dip: ---

Liquefaction-induced land
damage category:

3 ""1INo lateral spreading but minor to moderate quantities of ejected material

Grain size distribution curve:

clay silt sand gravel

@ Tosatti3 F
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o

0 I — R EE— EEE—
0.01 0.1 1 10
grain size (mm)

Soil classification (USCS):

Silty Sand (SM)

FC =23%

c=1781

Compositional information:

Paleoriver assignment:

Po

Morphological features:

Flat interfluvial depression: M Fluvial ridge: o

Data from:

INGV: o UNIMORE: M

In situ test:

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground

acceleration; LPI =

liguefaction potential index; LSN =

liquefaction severity number; S = vertical




settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Carlo, Municipality of Terre del Reno (FE) — “WP49 San Car”

Site:

S. Carlo, Municipality of Terre del Reno (FE)

Location map:

038021P670

o
C
°
Google Earth

Sand boil sample:

Coordinates (WGS 84):

Latitude: 44°48'16.56"N

Longitude:11°25'5.95"E

Sand boil image from:

Date of sampling:

__Aerial photography: M

Field observations:

24/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: 1

May 29", 2012, M,, = 5.9: o

Liquefaction features:

Strike: 55°

Dip: 0°

Fracture with sand, length 50 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
Curve:
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Soil classification (USCS):

Silty Sand (SM)

FC =48%

u=325 |

C=1.20

c=4.70

Compositional information:




Paleoriver assignment:

Reno

Morphological features:

Flat interfluvial depression: ¥

Fluvial ridge: o

Data from:

INGV: M

UNIMORE: o

In situ test:

CPTuA: 038021P670

Coordinates (WGS 84):

Latitude: 44°48'14.99"N |

Longitude: 11°25'0.61"E

Date: 18/06/2014
Address: Via Statale
D_epth tg GWT during in 1.00m
situ test:
In situ test results: RESISTANCE FRICTION PRESSURE S VPE INDEX
q; (MPa) f; (kPa) u, (kPa) I
0 4 8 12 16 20 0 100 200 300 400 0 250 500 750 1000 1250 0 1 2 3 4
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Liquefaction analysis: EQ GWT =1.00m M, =6.1 amax = 0.469
Graphs (l¢, gean,CRR7s, S PENDEX NORESSTANGE CVCLIC RESISTANCE RATIO SARETY FACTOR
CSR?'S, FS"q) 0 1 IEZ 3 4 0 SEUN (MF;TJ)O 150 0 (fZSRH(V)jRREG 08 0 05
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LPI=21.82 | LSN = 30.49 | S=0.14m
Note: Thickness of surface layer: 2.9 m (from 0 to 2.9 m)
Thickness of liquefied layer: 3.8 m (from 2.9 to 6.7 m)
Data from: RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground

acceleration; LPI =

liquefaction potential index; LSN = liquefaction severity number; S =

vertical

settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Carlo, Municipality of Terre del Reno (FE) — “WP49(2)”, localita “S.Carlo”

Site: S. Carlo, Municipality of Terre del Reno (FE)
Location map: '

fozour
Gogg.le Earth =
Sand boil sample: WP49(2)
Coordinates (WGS 84): Latitude: 44°48'16.56"N Longitude:11°25'5.95"E

Sand boil image from: 1} Field observations: I

_Aerial photography:

A

Date of sampling: 24/05/2012
Seismic event: May 20", 2012, M,, = 6.1: & May 29", 2012, M,, = 5.9: 0
Liquefaction features: Strike: 55° Dip: 0°

Fracture with liquefaction, length 50 m

Liquefaction-induced land
damage category:

Grain size distribution
curve: clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC =20% U=15.83 \ C=8.60 o =3.019

Compositional information:




Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: V1 Fluvial ridge: o
Data from: INGV: 4 UNIMORE: o
In situ test: CPTuA: 038021P670
Coordinates (WGS 84): Latitude: 44°48'14.99"N | Longitude: 11°25'0.61"E
Date: 18/06/2014
Address: Via Statale
D_epth tg GWT during in 1.00m
situ test:
In situ test results: RESISTANCE FRICTION PRESSURE S VPE INDEX
q; (MPa) f; (kPa) u, (kPa) Ie
0 4 8 12 16 20 0 100 200 300 400 0 250 500 750 1000 1250 0 1 2 3 4
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Liquefaction analysis: EQ GWT =1.00m M, =6.1 amax = 0.469
Graphs (l¢, gean,CRR7s, S PENDEX NORESSTANCE CYCLIC RESISTANGE RATIO SAPETY FACTOR
CSR?'S’ FS"q) 01 ICz 3 4 0 5gcw (MF:)L 150 0 (:25R75£1§RR705.6 08 . e .
0 0 I
8 4t S g, E &
6 ii_ 6
8 r 8
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14 £ _g 14
16 é 4 16
18 ﬁ-: 18
20 8 20 20 L L L
| LSN = 30.49 | S=0.14m
Note: Thickness of surface layer: 2.9 m (from 0 to 2.9 m)
Thickness of liquefied layer: 3.8 m (from 2.9 to 6.7 m)
Data from: RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Carlo, Municipality of Terre del Reno (FE) — “WP57”

Site: S. Carlo, Municipality of Terre del Reno (FE)

Location map:

Google Earth
Sand boil sample:
Coordinates (WGS 84): Latitude: 44°48'21.60"N Longitude:11°24'58.03"E
Sand boil image from: Aerial photography: M Field observations: M

Date of sampling: 24/05/2012
Seismic event: May 20", 2012, M,, = 6.1: ¥ May 29", 2012, M,, = 5.9: 0
Liquefaction features: Strike: 110° Dip: 0°

Fracture with sand, length 40 m

Liquefaction-induced land

) 6 I Several lateral spreading; ejected material often observed
damage category:




Grain size distribution

curve: clay silt sand gravel
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grain size (mm)
Soil classification (USCS): Silty Sand (SM)
FC=29% | U=2267 | C=489 | c = 3.64
Compositional information:
Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: M UNIMORE: o
In situ test: CPTuA: 038021P200
Coordinates (WGS 84): Latitude: 44°48'22.76"N \ Longitude: 11°24'52.45"E
Date: 28/05/2012
Address: Via Rossini
pepth tg GWT during in 1.00m
situ test:
In situ test results: RESISTANCE FRICTION PRESSURE SCYPE DEX |
q; (MPa) fs (kPa) u, (kPa) I
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Data from: RER: ¥ | INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Carlo, Municipality of Terre del Reno (FE) — “WP63”

Site:

Location map:

Sand boil sample:

S. Carlo, Municipality of Terre del Reno (FE)

Al Legend:
©  sand boil sample

Liquefaction evidence
field observation

@ Liguefaction evidence:
aerial observation

@ Piezocone test (CPTu)

@ Seismic dilatometer test (SDM

WP63

Coordinates (WGS 84):

Latitude: 44°48'12.20"N

Longitude:11°24'54.04"E

Sand boil image from:

Aerial photography: ¥
= E

Date of sampling:

Field observations: O

24/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: 1

May 29", 2012, M, = 5.9: o

Liquefaction features:

Strike: 0°

Dip: 0°

Fracture, length 22 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
curve:

clay silt sand gravel
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC=6% | U=230 | C=093 | c=1.94

Compositional information:

Paleoriver assignment:

Reno

Morphological features:

Flat interfluvial depression: M Fluvial ridge: o

Data from:

INGV: 1 UNIMORE: o

In situ test:

CPTuA: 038021P720

Coordinates (WGS 84): Latitude: 44°48'13.76"N | Longitude: 11°24'58.37"E
Date: 18/06/2014
Address: Via Statale
D_epth tg GWT during in 1.00m
situ test:
In situ test results: RESISTANCE FRICTION PRESSURE S VPE INDEX
q; (MPa) f; (kPa) u, (kPa) Ie
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situ test:

30
Liquefaction analysis: EQGWT =1.00m w=6.1 amax = 0.469
Graphs (l¢, gean,CRR7 s, S PE NDEX MO ResisTaNGE CYCLIC RESISTANCE RATIO SAPETY FACTOR
CSRys, FS"q) 01 Icz 3 4 0 s?JmN(M:ZL 150 0 OC.ZSRH(')ERR?oﬁe 08
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LPI=2356 | LSN = 42.39 | $=0.27m
Note: Thickness of surface layer: 1 m (from 0 to 1 m)
Thickness of liquefied layer: 5.3 m (from 1 t0 6.3 m)
Data from: RER: M INGV: o
In situ test: DMTa: 038021P768
Coordinates (WGS 84): Latitude: 44°48'10.97"N ] Longitude: 11°24'53.42"E
Date: 26/03/2013
Address: Via Dott. B. Lambertini
Depth to GWT during in 1.00m




MATERIAL CONSTRAINED UNDRAINED HORIZONTAL STRESS SHEAR WAVE

In situ test results: INDEX MODULUS SHEAR STRENGTH INDEX VELOCITY
Io M (MPa) ¢, (KPa) Ko Vs (mls)
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Liquefaction analysis: EQGWT=3.00m M, =6.1 amax = 0.469
MATERIAL HORIZONTAL STRESS CYCLIC STRESS RATIO & LIQUEFACTION
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Note: Thickness of surface layer: 4.5 m (from 0 to 4.5 m)
Thickness of liquefied layer: 2 m (from 4.5 to 6.5 m)
Data from: RER: ¥ | INGV: o

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



S. Carlo, Municipality of Terre del Reno (FE) — “WP68”

Site:

Location map:

S. Carlo, Municipality

Sand boil sample:

of Terre del Reno (FE)

Legend:
© sendboil sample

© Liquefaction evidence:
field observation

@ Liguefaction evidence
aerial observation
elsmic eter test
Seismic dilatom SDMT)

O Borehole

N E11°24:5616F

b 038021P1565165

WP68

Coordinates (WGS 84):

Latitude: 44°48'9.61"N

Longitude:11°24'54.94"E

Sand boil image from:

Aerial photography: M

Field observations: _

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: 1

May 29", 2012, M, = 5.9: o

Liquefaction features:

Strike: 80°

Dip: 0°

Fracture with sand liquefaction, length 22 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but

large quantities of ejected material




Grain size distribution
curve:
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Soil classification (USCS):

Silty Sand (SM)

FC=37%

| u=

2167 | C=388 o = 3.957

Compositional information:

Paleoriver assignment:

Reno

Morphological features:

Flat interfluvial depression:

Fluvial ridge: o

Data from:

INGV: M

UNIMORE: o

In situ test:

DMTa: 038021P768

Coordinates (WGS 84):

Latitude: 44°48'10.97"N ‘

Longitude: 11°24'53.42"E

Date: 26/03/2013
Address: Via Dott. B. Lambertini
Depth to GWT during in
eptn ke 9 1.00 m
situ test;
In situ test results: A oS SHEAR STRENGTH RO o pEthe
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Data from: RER: ¥ | INGV: o

In situ test: Borehole: 038021P156

Coordinates (WGS 84): Latitude: 44° 48' 9.288"N | Longitude: 11° 24' 55.872"E

Data: 21/06/2012

Address: Via Statale




Graph:
Borehole log
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Note:
Data from: RER: ¥ | INGV: 0

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Carlo, Municipality of Terre del Reno (FE) —

“WP79”

Site:

Location map:

S. Carlo, Mun|C|paI|ty of Terre del Reno (FE)

038021P192
A 038021P668 PR

" field observation

\ @ Liauefaction evidence
asrial observation

@  Piezocone test (CPTu)

&
<
.
L]

‘O

1 *
SPOR 032021P6

Sand boil sample:

Coordinates (WGS 84):

Latitude: 44°48'11.27"N Longitude:11°24'28.69"E

Sand boil image from:

Field observations: o

Aerial photography IZI
O SRS

Date of sampling:

24/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: M May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: 80° Dip: 0°

Garage filled with sand

Liquefaction-induced land
damage category:

5 I Moderate to major lateral spreading; ejected material often observed

Grain size distribution
CuUrve:

clay silt sand
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o 0 Oo————

gravel
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ul
o
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o

0.01 0.1 1 10
grain size (mm)

Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC=5% | U =2.07 | Cc=080 | =178




Compositional information:

Paleoriver assignment:

Reno

Morphological features:

Flat interfluvial depression: o Fluvial ridge: M

Data from:

INGV: 1 UNIMORE: o

In situ test:

CPTuA: 038021P664

Coordinates (WGS 84): Latitude: 44°48'11.97"N | Longitude: 11°2429.09"E
Date: 23/07/2013
Address: Via Morandi
D_epth t(? GWT during in 1.00m
situ test:
In situ test results: RESTANCE FRICTION v
q; (MPa) f, (kPa) I
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Data from: RER: ¥ | INGV: 0
In situ test: CPTuB: 038021P716
Coordinates (WGS 84): Latitude: 44°48'11.39"N \ Longitude: 11°2429.79"E
Date: 18/07/2013
Address: Via Morandi
Depth to_GWT during in 1.00m
situ test):
In situ test results: RESISTANCE FRiCRON SvPE Dex
q; (MPa) f, (kPa) I
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Data from: RER: M ] INGV: O
In situ test: DMTa: 038021P764
Coordinates (WGS 84): Latitude: 44°48'11.19"N ] Longitude: 11°2428.57"E
Date: 28/02/2013
Address: Via Morandi
Depth to GWT during in 1.00m




: _ MATERIAL CONSTRAINED UNDRAINED TORIZONTAL STRESS SHEAR WAVE
In situ test results: INDEX MODULUS SHEAR STRENGTH INDEX VELOCITY
In M (MPa) ¢, (KPa) Kp Vs (m/s)
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Data from: RER: 4 | INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; amn.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.




S. Carlo, Municipality of Terre del Reno (FE) — “WP82”

Site:

Location map:

S. Carlo, Municipality of Terre del Reno (FE)
3 RN - TN

038021P192
e A 038021P668

"

©  Liquefaction evidence.
field observation

\ N @ Ligufaction evidence.
z e aerial observation
2N S
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@ Piezocone test (CPTu)

e N &
i D 7 ;
g0 T CRT S
26 8 2L
< v = » '. S :
R ooz |

Sand boil sample:

Coordinates (WGS 84):

Longitude:11°24'31.14"E

Sand boil image from:

Date of sampling:

Field observations: o

24/05/2012

Seismic event:

May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, =5.9: 0

Liquefaction features:

Strike: 70° Dip: 0°

2 sand boils

Liquefaction-induced land
damage category:

5 I Moderate to major lateral spreading; ejected material often observed

Grain size distribution

curve: clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC = 23% U =20.52 | C=912 o = 3.657




Compositional information:
Paleoriver assignment: Reno
Morphological features: Flat interfluvial depression: o Fluvial ridge: ™
Data from: INGV: M UNIMORE: o
In situ test: CPTuA: 038021P823
Coordinates (WGS 84): Latitude: 44°48'11.54"N | Longitude: 11°24'32.76"E
Date: 18/05/2015
Address: Via Risorgimento
D_epth t(? GWT during in 1.00m
situ test:
In situ test results: RESISTANCE FRICTION PRESSURE SVPE NDEx
q: (MPa) s (kPa) u, (kPa) le
0 4 § 12 16 20 0 100 200 300 400 0 250 500 750 1000 1250 0 1 2 3 4
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Data from: RER: ¥ | INGV: o
In situ test: CPTuB: 038021P6
Coordinates (WGS 84): Latitude: 44°48'9.59"N \ Longitude: 11°24'29.83"E
Date: 05/06/2012
Address: Via Rossini
erth t(? GWT during in 100m
situ test:
In situ test results: RES?S‘I"’&ICE F%E%‘:)EN PREgSRLEIRE s?’hﬁ“@ﬂgk
q, (MPa) f; (kPa) u; (kPa) [
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Data from: RER: ¥ \ INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Tortiola, Municipality of Viganaro Mainarda (FE) — “Tortiola 1”

Site:

Tortiola, Municipality of Viganaro Mainarda (FE)

Location map:

S 0380022P280

E 11°27'44 64" E 11°28'10.56"

N44°51'34.56"

Google Earth

Sand boil sample:

Tortiola 1

Coordinates (WGS 84):

Latitude: 44°51'35.31"N Longitude:11°28'19.91"E

Sand boil image from:

Aerial photography: o Field observations: O

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: 1 May 29", 2012, M,, = 5.9: O

Liquefaction features:

Strike: 135° Dip: 0°

Fracture with sand, length 30 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution

curve: clay silt sand gravel
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Soil classification (USCS): Silty Sand (SM)
FC=11% | uU=429 | C=138 | =174
Compositional information:
Paleoriver assignment: Po
Morphological features: Flat interfluvial depression: o Fluvial ridge: M
Data from: INGV: o UNIMORE: ¥

In situ test:

CPTuA: 038022P280

Coordinates (WGS 84):

Latitude: 44°51'50.81"N Longitude: 11°27'40.41"E

Date:

Address:




Depth to GWT during in situ
P g 3.00 m
test:
In situ test results: RESISTANCE FRICTION PRESSURE SPEINDEX
q, (MPa) f. (kPa) u, (kPa) I
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Liquefaction analysis: EQGWT =3.00m M, =6.1 amax = 0.44g
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LPI = 27.86 | LSN = 39.43 | $S=0.35m
Note: Thickness of surface layer: 3 m (from 0 to 3 m)
Thickness of liquefied layer: 16 m (from 3 to 19 m)
Data from: RER: 4 | INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



Tortiola, Municipality of Viganaro Mainarda (FE) — “Tortiola 2”

Site:

Tortiola, Municipality of Viganaro Mainarda (FE)

Location map:

S 0380022P280

E 11°27'44 64" E 11°28'10.56"

N44°51'34.56"

Google Earth

Sand boil sample:

Tortiola 2

Coordinates (WGS 84):

Latitude: 44°51'37.44"N Longitude: 11°28'12.38"E

Sand boil image from:

Aerial photography: o Field observations: O

Date of sampling:

Seismic event:

May 20", 2012, M,, = 6.1: M May 29", 2012, M, = 5.9: o

Liquefaction features:

Strike: 135° Dip: 0°

Fracture with sand, length 30 m

Liquefaction-induced land
damage category:

4 [ No lateral spreading but large quantities of ejected material

Grain size distribution
curve:

clay silt sand gravel
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Soil classification (USCS):

Poorly graded sand with silt (SP-SM)

FC=16% | uU=-—- | C=-— | 0=1617

Compositional information:

Q+F =60.33 %; L =15.67 %; C=12.67 %
Q + F = quartz + feldspars; L = siliclasticlithics; C = carbonates

Paleoriver assignment:

Po

Morphological features:

Flat interfluvial depression: o Fluvial ridge: M

Data from:

INGV: o UNIMORE:

In situ test:

CPTuA: 038022P280

Coordinates (WGS 84):

Latitude: 44°51'50.81"N Latitude: 44°51'50.81"N

Date:




Address:
Depth to GWT during in situ
P g 3.00m
test:
In situ test results: RESISTANCE FRICTION PRESSURE SYPE INDEX
. (MPa) f, (kPa) u, (kPa) I
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Liquefaction analysis: EQGWT =3.00m M, =6.1 amax = 0.450
Graphs (l¢, gein,CRR75, SVPE NDEX N ESSTANGE CVOLIC RESISTANGE RATIO SARETY FACTOR
. le Gean (MPa) CSR;5, CRRy 5 FSiq
CSR7'5’ FSIIq) 0 1 2 3 4 0 50 100 150 0 02 04 06 08 X K
0 0 0 .
£ 2 B 5 —CSR75 B
I 2 prd T2 I 2t —CRR75 T
N 2 = E E &
8 4 §_ a 4 8 4 8
6 §> 6 6
8 = 8 I8
10 ;-_-7' 10 10 f
=
12 <5 12 12
” 2
14 % ‘5 14 14
16 g g, = 16 16
18 ;;: éf . é 18 18
2 = frio 20 20 . .
LPI = 28.59 | LSN = 40.00 | S=0.35m
Note: Thickness of surface layer: 3 m (from 0 to 3 m)
Thickness of liquefied layer: 16 m (from 3 to 19 m)
Data from: RER: ¥ | INGV: O

M,, = moment magnitude; FC = fines content; U = coefficient of uniformity; C = coefficient of curvature; ¢
= sorting; GWT = ground water table; EQ GWT = earthquake ground water table; an.x = peak ground
acceleration; LPI = liquefaction potential index; LSN = liquefaction severity number; S = vertical
settlements; INGV = Istituto Nazionale di Geofisica e Vulcanologia; UNIMORE = University of Modena
and Reggio-Emilia; RER = Emilia-Romagna Region.



