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PROVE PENETROMETRICHE ELETTRICHE CPTeU

Le prove penetrometriche statiche elettriche differiscono dalle classiche prove con punta
meccanica Begmann perché mentre nelle prime le misure di Rp ed Fs vengono eseguite
con sensori di acquisizione in continuo con trasduttori di pressione di tipo elettrico (vedi
ubicazione in allegati, ecc.,). | log stratigrafici sono ricavati dalla penetrometrica elettrica
CPTeU con misura sovrapressioni U. La misura della pressione interstiziale avviene
saturando la cella con grasso al litio. Le prove vengono eseguite con penetrometro
autoancorante semovente Pagani TG 73-200. Le letture avvengono con registrazione in
continuo ogni 2 centimetri, i valori di qc fs U ed il rapporto qc/fs vengono diagrammati in
grafici allegati. Su incarico della Committenza, sono stati realizzate n°35 (numerate da 1 a
35) piazzole di sondaggio, ognuna comprensiva di prova penetrometrica statica elettrica.
Oltre alla prova penetrometrica si e rilevata I'altezza della quota della falda freatica,
nonché valori di latitudine e longitudine per georeferenziare ogni singola prova.

Tutte le prove vengono attrezzate con tubo piezometrico tipo norton, con chiusino di
protezione. Sono state eseguite n° 35 prove penetrometriche con profondita variabile,
come da specifiche richieste. Si allegano le foto delle piazzole di sondaggio, mentre si
trasmettono in allegato i report dia grafici di ogni singola prova.

P1 via Masullo Ravenna



P2 via Standiana Ravenna

P3 via Fosso Nuovo Ravenna



P4 via Fosso Nuovo Ravenna

P5 via Bosco Bazzano San Zaccaria Ravenna



P6 argine Bevano Ravenna

P7 via Fossa Ravenna




P8 via Della Riforma Ravenna

P9 Via Palazzone Mensa Ravenna



P11 Via San Cristoforo ang. Via Civinelli Cesena



P19 via del Fiume in Ronta Cesena



s

P24 via Rubicone Cesena



P25 via Vetreto incrocio via Capannaguzzo Cesena

P26 via del Mare Sala Cesenatico



g he

P28 via Grandi Savighano

P30 via Cagnona San Mauro Pascoli



P31 via Viona San Mauro Pascoli

P34 via San Vito Rimini



P35 via Longana Rimini

Alla presente relazione sono allegate:
35 Diagrafie prove penetrometriche



INDAGINE GEOFISICA

Nelle piazzole CPTU si procede inoltre al rilievo sismico tramite analisi M.A.S.W. e H/V, con elaborazione in
ogni singola area con evidenza della Vsequivalente, nonché determinazione della categoria sismica del
sottosuolo. Le aree interessate corrispondono alle piazzole delle CPTEu n° 2, 5, 8, 11, 14, 18, 22, 25, 28, 32,
35. La strumentazione utilizzata nel rilievo M.A.S.W. & composta da Sismografo Ambrogeo (24Ch) con cavo e
14 geofoni, i dati ottenuti vengono processati con software Winmasmw Pro, mentre le misure delle
frequenze fondamentali avviene con tromometro digitale MICROMED, con elaborazione software casa
madre Grilla, con evidenza frequenze fondamentali di sito, ricavando tramite processo di inversione anche
Vs equivalente e frequenze fondamentali di sito.

METODO H/V
Dopo i primi studi di Kanai (1957), diversi metodi sono stati proposti per estrarre I'informazione relativa al
sottosuolo dal rumore sismico registrato in un sito. La tecnica maggiormente consolidata, proposta da
Nogoshi & Igarashi (1970), prende in esame i rapporti spettrali tra le componenti del moto orizzontale e
quella verticale (Horizontal to Vertical Spectra Ratio HVSR o H/V). La tecnica & universalmente riconosciuta
come efficace nel fornire la frequenza di risonanza fondamentale del sottosuolo.
L’ampiezza del picco del rapporto H/V, pur essendo legata all’entita del contrasto di impedenza tra gli strati,
non e correlabile all’amplificazione sismica in modo semplice.
In un mezzo “semplice “, per es. coltre alterazione + bedrock (o strato assimilabile al bedrock; ad es. argille
su ghiaie ), dove i parametri sono costanti in ciascuno strato (1-D), i due strati hanno rispettivamente diverse
densita B, e B, e diverse velocita delle onde sismiche V; e V, . Un’onda che viaggia nel mezzo 1 viene
parzialmente riflessa dall’interfaccia che separa i due strati. L'onda cosi riflessa interferisce con quelle
incidenti, sommandosi e raggiungendo le ampiezze massime (condizione di risonanza) quando la lunghezza
dell’onda incidenti (&) € 4 volte (o i suoi multipli dispari) lo spessore H del primo strato. Quindi la frequenza
fondamentale di risonanza (fr) dello strato 1 relativa alle onde S € pari a

f=Vs1/4H (1)

Questo effetto € sommabile, anche se non in modo lineare e senza una corrispondenza 1:1. Cio significa che
la curva H/V relativa ad un sistema a piu strati contiene I'informazione relativa alle frequenze di risonanza (e
quindi allo spessore) di ciascuno di essi, ma non risulta interpretabile applicando semplicemente I’equazione
(1). E’ necessario applicare il processo di inversione che richiede I’analisi delle singole componenti e del
rapporto H/V, che fornisce un’importante normalizzazione del segnale per:
a) contenutoin frequenza
b) risposta strumentale
c) ampiezza del segnale quando le registrazioni vengono effettuate in momenti con rumore di

fondo pil 0 meno alto.
| valori assoluti degli spettri orizzontali (H) e verticali (V) variano con il livello assoluto del rumore
ambientale (alte frequenze, disturbi “antropici” tipo mezzi in movimento, lavorazioni, calpestio ecc.). Nella
pratica si usa H/V perché & un buon normalizzatore e, come ampiamente riconosciuto nella letteratura
scientifica internazionale, H/V misura direttamente le frequenze di risonanza dei terreni.

STIMA DI VS30 A PARTIRE DA MISURE A STAZIONE SINGOLA

L'analisi H/V permette di identificare i contrasti di impedenza tra gli strati. Una coltre di sedimenti
sovrastanti un substrato roccioso (bedrock) dara un picco nella funzione H/V. Perd anche una coltre di
sedimenti fini sopra uno strato di ghiaia pud generare un massimo nella funzione H/V. In questo caso lo
strato di ghiaia viene in genere indicato come bedrock-like (strato assimilibalile al bedrock) anche se la sua
velocita € inferiore agli 800 m/s previsti dalla normativa. Anche questi strati bedrock-like sono in grado di



creare fenomeni di intrappolamento d’onde e quindi fenomeni di risonanza, se la discontinuita nelle Vs e
netta.

In base alla precedente equazione, il segnale, una volta pulito dagli effetti antropici ad alta frequenza
(>30Hz), si puo risolvere o conoscendo la Vs del materiale oppure, conoscendo gli spessori, si determina la
Vs.

Quindi risulta indispensabile avere a disposizione dei vincoli da prove dirette del sottosuolo (penetrometrie,
carotaggi) per poter associare ai picchi rilevati dalle misure di microtremore dei contrasti di impedenza
adeguati, cioe modellare il mezzo geologico affinché rappresenti in maniera attendibile il sottosuolo, cioé
strati con spessori e velocita associabili alla curva misurata delle frequenze di risonanza con il rapporto
spettrale H/V.

Nel caso semplice di strato omogeneo sopra un bedrock, se da misure dirette & nota la profondita H del
bedrock (o bedrock-like) si puo calcolare il Vs30 attraverso le misure di fr. Se H>30 m, il valore di Vs30 viene
calcolato direttamente dalla [1].
Se H<=30 m, allora:
30 30

Vs30 = = [2]

th +t30-H (1/fr)+(30-H)/VB
dove VB ¢ la velocita delle onde S nel bedrock o bedrock-like.
Valori orientativi di velocita delle onde S sono riportati nella Tabella 1.

Tabella 1. Valori caratteristici delle onde S nei vari tipi di suolo (Borcherdt,1994).

Tipi di suolo Vs min. (m/s) Vs media (m/s) Vs max. (m/s)
Rocce molto dure
(rocce metamorfiche poco 1400 1620
fratturate)
Rocce dure
(graniti,rocce 700 1050 1400

ignee,conglomerati,arenarie ed
argilliti da poco a mediamente
fratturati)

Suoli ghiaiosi e rocce da tenere a
dure 375 540 700
(rocce sedimentarie
tenere,areanarie, argilliti, ghiaie e
suoli con + del 20% di ghiaia)

argille compatte e suoli
sabbiosi 200 290 375
(sabbie da sciolte a molto
compatte, limi e argille sabbiose
o limose, argille da medie a
compatte)

Terreni teneri
(terreno di riporto sotto falda, 100 150 200
argille da tenere a molto tenere)




ANALISI SVOLTA CON LE ONDE SUPERFICIALI - MASW

CENNI TEORICI

La conoscenza dell’landamento nel primo sottosuolo della velocita di propagazione delle onde di taglio ¢,
come noto, importante negli studi di microzonazione sismica dedicati alla stima di possibili effetti di sito,
capaci di amplificare il moto del terreno durante un terremoto.

Negli ultimi anni hanno avuto ampio sviluppo tecniche geofisiche basate sull’analisi della propagazione delle
onde superficiali ed, in particolare, delle onde di Rayleigh. Le proprieta dispersive di tali onde in mezzi
stratificati, nonché la stretta relazione esistente tra la loro velocita di propagazione e quella delle onde di
taglio, consentono di risalire al profilo di velocita delle onde S.

Il metodo di indagine attivo MASW (Multichannel Analysis of Surface Waves) & basato su un artificiale
energizzazione sismica del suolo e sull’ analisi spettrale delle onde superficiali

presenti nel segnale (Nazarian e Stokoe, 1984; Park et al.,1999).
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La curva di dispersione delle onde di Rayleigh rappresenta la variazione di velocita di fase che tali onde
hanno al variare della frequenza. Tali valori di velocita sono intimamente legati alle proprieta meccaniche
del mezzo in cui 'onda si propaga (velocita delle onde S, delle onde P e densita). Tuttavia, diversi studi
hanno in realta messo in evidenza che la velocita delle onde P e la densita sono parametri di secondo ordine
rispetto alle onde S nel determinare la velocita di fase delle onde di Rayleigh. Quindi, dato che le onde
superficiali campionano una porzione di sottosuolo che cresce in funzione del periodo dell’onda e che la loro
velocita di fase e fortemente condizionata in massima parte dalle velocita delle onde S dello strato
campionato, la forma di questa curva & essenzialmente condizionata dalla struttura del sottosuolo ed in
particolare dalle variazioni con al profondita delle velocita delle onde S. Pertanto, utilizzando appositi
formalismi (inversione) e possibile stabilire una relazione (analiticamente complessa ma diretta) fra la forma
della curva di dispersione e la velocita delle onde S nel sottosuolo. Tale relazione consente il calcolo di
curve di dispersione teoriche a partire da modelli del sottosuolo a strati piano-paralleli.



L'operazione d’inversione, quindi, consiste nella minimizzazione, attraverso una procedura iterativa, degli
scarti tra i valori di velocita di fase sperimentali della curve di dispersione e quelli teorici relativi ad una serie
di modelli di prova “velocita delle onde S — profondita”.

STRUMENTAZIONE USATA
-Sismografo Ambrogeo Echo 2010 seismic unit
-Numero dei canali 24
-A/D conversione 16 bit
-Geofoni verticali da 4.5 hz

Sismografo |

? |
Geofoni

Sorgente

&

Figura A1. Stendimento sismico.

SISTEMI DI ENERGIZZAZIONE
-energizzazione per rilievo masw
Massa battente (mazza da 8 kg)

MODALITA’ OPERATIVA

Si sono disposti i geofoni sul terreno quindi si & energizzato tramite mazza da 6 kg.

Si sono effettuate registrazioni di 1 sec.

Si sono disposti 24 geofoni da 4,5 hz alla distanza di 2 metrl, ottenendo cosi una traccia lunga 46 metri.
Eseguendo varie battute a - 5 metri dal primo geofono si pud ottenere una traccia a 24 canali per meglio
analizzare le onde superficiali.

Dall’analisi congiunta del rilievo M.A.S.W. e HVSR si ottengono i risultati di Vsequivalente medio
e della frequenza fondamentale di sito. A seguito sono esposti i risultati relativi ad ogni singolo
sito di rilevamento indicato dalla Committenza.



P2 Cantiere : N 44.3215020° E 12.2305710° DM
Via Standiana Ravenna

Rilievo M.A.S.W.

Rilievo con tromometro



ELABORAZIONE MASW

velocity spectrum & dispersion curve
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Vs(0.0-30.0)=194m/s
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Dall’analisi congiunta la Vs equivalente risulta di:

Vseq = 194 m/sec £20% alla superficie.
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RILIEVO MASW
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P5

Cantiere: N 44.300950° E 12.238473°

Via Bosco Bazzano San Zaccaria Ravenna

RILIEVO TROMOMETRO

ELABORAZIONE MASW

velocity spectrum & dispersion curve
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ELABORAZIONE GRILLA
SINGLE COMPONENT SPECTRA
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Dall’analisi congiunta la Vs equivalente risulta di:
Vs, eq = 202 m/sec £20% alla superficie.
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P8

Cantiere: 44.232824° E 12.220525°
Via Della Riforma Ravenna

RILIEVO MASW

RILIEVO TROMOMETRO

ELABORAZIONE MASW

velocity spectrum & dispersion curve
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ELABORAZIONE GRILLA
SINGLE COMPONENT SPECTRA

ZH f (sfuiw)

10"
M-S component
. m— -V component
102 v == |Jp-Down component
107
10+
10°
0.1 1 10

frequency [Hz]
Max. HV at 0.16 £ 0.05 Hz. {In the range 0.0 - 64.0 Hz).

7 — Ayerage HV
m— Synthetic HV

4
3

2 I ot S e U s

; //_—**U—‘—ﬂ:’,;}ﬁ N e
UU.‘I 1 10

frequency [Hz]

200 300 400

(L] yidap pajewnsg

100

Vs{0.0-30.0)=202m/s |
W's [my's)
Dall’analisi congiunta Vs equivalente risulta di:

Vs, eq = 202 m/sec £20% alla superficie.
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P11 Cantiere: 44.187745° E 12.201703°
Via San Cristoforo incrocio via Civinelli Cesena

i P e |
RILIEVO MASW
ELABORAZIONE MASW

Vg profile

velocity spectrum & dispersion curve

g
best model
ean model

0 3%
frequency (Hz)

misfit evolution

2 ]

3- o~ ]

, A
N, 4 S R

4 N N //“\ N
=T i N ~ \ 4 L
z i \ / \
E5- ; 5 / N

N 7 r Y ’ = N

AN i 3\ e )
o /N (PRI / y
/ N = fittest model
7 fittest model == === mean model
- average value considered models
2 4 6 8 10 12 14
generation
[ ———
disporsion curves P11 Ambro.cdp
VR0 (et micda]; 14 mis

V30 | il 188 1




10

107

107

10°

ELABORAZIONE GRILLA
SINGLE COMPONENT SPECTRA

m— N-5 component
— E-WW component
= |Jp-Down component

ZH f (sjuu)

01 1 10

o
0

frequency [Hz]
Max. HV at 1.03 £ 0.02 Hz_ (In the range 0.0 - 64.0 Hz}).

— Average HV
— Synthetic HV

T
<

7
—_— = S i S RN SR s S
1 1 10

frequency [Hz]
200 300 400
T T T

_5 -
A0
B

oy

20k =

3

o

251 2

j=

Ll

p=]

30 =

E)
Bl
A0k
45

Vs(0.0-30.0)=189m/s
s [y's]

Dall’analisi congiunta la Vs equivalente risulta di:

Vs, eq = 189 m/sec £20% alla superficie.



P14 Cantiere: N 44°10'31.63" E 12°9'12.99"
via Emilia Santa Maria Nuova Bertinoro

RILIEVO MASW

RILIEVO TROMOMETRO



ELABORAZIONE MASW
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Dall’analisi congiunta la Vs equivalente risulta di:

Vs, eq = 200 m/sec £20% alla superficie



RILIEVO MA

RILIEVO TROMOM

P18 Cantiere: N 44.16971°, E 12.230815°
Via Del Fiume in Ronta Cesena
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ELABORAZIONE MASW
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Dall’analisi congiunta la Vs equivalente risulta di:

Vs, eq = 192 m/sec £20% alla superficie.
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P22 Cantiere: N 44°10'21.8" E 12°17'21.2"
Via Violone Angolo Via Calabria Cesena

RILIEVO TROMOMETRO
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Dall’analisi congiunta la Vs equivalente risulta di:

Vs, eq = 185 m/sec $20% alla superficie.
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P25 CANTIERE: N 44°08'40.8" E 12°20'13.7"
Via Vetreto incrocio Via Capanaguzzo Sala di Cesenatico
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Dall’analisi congiunta Vs equivalente risulta di:

Vs, eq = 204 m/sec £20% alla superficie.
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P28 CANTIERE: N 44°07'34.8" E 12°23'59.4"
Via Grandi Savignano Sul Rubicone

RILIEVO MASW
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Dall’analisi congiunta la Vs equivalente risulta di:

Vs, eq = 181 m/sec £20% alla superficie.
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P32 CANTIERE: N 44°06'44.5" E 12°27'19.1"

Via Donegallia Bellaria Igra Marina
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RILIEVO TROOMETRO
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Dall’analisi congiunta la Vs equivalente risulta di:

Vs, eq = 221 m/sec $20% alla superficie.



P35 CANTIERE: N 44°06'22.7" E 12°29'04.5"

Via Longana Rimini
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Dall’analisi congiunta la Vs equivalente risulta di:

Vs, eq = 181 m/sec £20

In conclusione si da tutti i rilievi effettuati i siti sono tutti ascrivibili alla categoria sismica:
C - Depositi di terreni a grana grossa mediamente addensati o terreni a grana fine
mediamente consistenti, con spessori superiori a 30 m caratterizzati da graduale
miglioramento delle proprieta meccaniche con la profondita e valori del VS30 compresi
tra 180 m/s e 360 m/s (ovvero 15 < NSPT30 < 50 nei terreni a grana grossa e 70 < cu30 <
250 kPa nei terreni a grana fina).

RIMINI, APRILE 2019
Dott. Marco Rossi, Dott. Stefano Biordi




CARATTERIZZAZIONE TERRE E ROCCE DA SCAVO
Viene inoltre eseguito La caratterizzazione terre e rocce da scavo con con prelievo terre
ed acque nei siti della prove CPTU 1, 4, 7, 10, 14, 21, 24, 27, 30, 35. | carotaggi vengono
eseguiti con infissione a secco di tubo carotiere diametro 101mm, tramite perforatrice
Ellettari EK200S. | campioni deposti in cassetta catalogatrice sono stati sottoposti a
campionamento tramite metodologie standard di vagliatura e quartatura, vengono
raccolti in vasetti di vetro sterili, catalogati e conservati in contenitore termico. Tradotti il
piu velocemente possibile al laboratorio analisi. Vengono eseguiti campionamento A (da
Om a -1Im da piano campagna) campione B a fondo scavo (generalmente da -1.5m a -
2.0/2.5metri da p.c.), nel caso di falda a profondita>2.5 metri da p.c. vengono prelevati
tre campioni A (da Om a -1Im da piano campagna) campione B a fondo scavo
(generalmente da -1m a -2.5/3.0metri da p.c.), ed un campione C intermedio (-1.5/-2.5
metri da p.c.) Sono eseguiti 3 campioni ABC nei siti n® P35 e n°P24, in quanto la falda
freatica misurata risulta a profondita > 2.5 metri
Vengono allegati oltre alle analisi di laboratorio:

1. Stratigrafie sondaggio

2. Documentazione fotografica.

3. 22 Certificati di laboratorio



STRATIGRAFIE TERRENI CAMPIONATI

| punti campionamento vengono individuati con lo stesso numero di prova
penetrometrica eseguita, in quanto eseguiti nella stessa piazzola. Viene redatta
stratigrafia dei singoli punti di carotaggio

P1 cassa 0-2.20 metri.

Via Masullo Ravenna. N 44°20°13.0” E 12°13’59.6”

Stratigrafia

0-0.80 m limi argillosi marroni terreno agrario

0.80m- 2.20m limi argillosi con sabbie consistenti di colore nocciola con zonature ocra.
Altezza falda freatica=-1.30 m da p.c.

Prelevati campioni A e B, campionamento acque per analisi chimiche.



P4 cassa 0-2.30 metri.
Via Fosso Nuovo Ravenna, N 44°17°42.1” E 12°13’48.1"
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Stratigrafia

0-0.60 m limi argillosi marroni con frustoli carboniosi terreno agrario

0.80m- 2.30m limi argillosi con sabbie consistenti di colore nocciola con zonature ocra.
Altezza falda freatica=-2.30 m da p.c.

Prelevati campioni A e B, campionamento acque per analisi chimiche.



P7 cassa 0-3.00 metri.
Via Fossa Ravenna N 44°14’51.8” E 12°13’89.2”

Stratigrafia

0-0.50 m limi argillosi marroni essiccati con rari clasti e laterizi di riporto.

0.50m- 3.00 m limi argillosi consistenti di colore nocciola con zonature ocr, rare lenti mm
limoso sabbiose..

Altezza falda freatica=-1.90 m da p.c.

Prelevati campioni A e B, campionamento acque per analisi chimiche.



P10 cassa 0-3.00 metri.
Via Viazza Cesena. N44°12’11.9” E 12°12’42.2”

Stratigrafia

0-0.90 m limi argillosi marroni essiccati con sabbia terreno agrario.

0.90m- 3.00 m limi argillosi consistenti di colore nocciola con zonature ocra, diffusi frustoli
carboniosi, rari clasti di laterizi mm.

Altezza falda freatica=-2.30 m da p.c.

Prelevati campioni A e B, campionamento acque per analisi chimiche.



P11 cassa 0-2.30 metri.
Via Civinelli incr. Via San Cristoforo Cesena. N 44°11’15.8” E 12°12’05.7”

VIR CIJINE (g
(CE SE NA

Stratigrafia

0-1.20 m limi argillosi marroni essiccati con diffusi clasti mm di laterizi.

1.20m- 2.30 m limi argillosi consistenti di colore nocciola con zonature azzurre e ocra.
Altezza falda freatica=-2.10 m da p.c.

Prelevati campioni A e B, campionamento acque per analisi chimiche.



P14 cassa 0-2.50 metri.
Via Emilia Santa Maria Nuova Bertinoro FC. N 44°410°35.0” E 12°07’58.5”
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Stratigrafia

0-1.00 m limi argillosi marroni essiccati con diffusi clasti mm di laterizi.

1.00m- 2.50 m limi argillosi con sabbie e rare e subordinate lenti mm francamente
sabbiose, sabbie fini di colore nocciola con zonature azzurre e ocra.

Altezza falda freatica=-1.50 m da p.c.

Prelevati campioni A e B, campionamento acque per analisi chimiche.



P21 cassa 0-3.00 metri.
Via Pisignano Cesena. N 44°10’41.2” E 12° 16’ 15.1”
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Stratigrafia

0-1.00 m limi argillosi marroni essiccati con diffusi clasti mm di laterizi.

1.00m- 3.00m limi argillosi con rara sabbia di colore nocciola con zonature ocra, rari
calcinelli mm, frustoli carboniosi mm.

Altezza falda freatica=-1.30 m da p.c.

Prelevati campioni A e B, campionamento acque per analisi chimiche.



P24 cassa 0-3.00 metri.
Via Rubicone angolo via Viottolo Vanzie Cesena. N 44° 09°12.9” E 12° 19’
21.7”
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Stratigrafia

0-1.00 m limi sabbiosi essiccati terreno agrario

1.00m- 3.00m limi sabbiosi con argille addensati consistenti per essiccazione di colore
nocciola chiaro.

Altezza falda freatica=-3.20 m da p.c.

Prelevati campioni A e B, e C, campionamento acque per analisi chimiche.



P27 cassa 0-3.00metri
Via San Martino Gatteo FC. N 44° 08’ 23.8” E 12° 23’ 13.0”
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Stratigrafia

0-0.60 m argille limose essiccate marroni terreno agrario

0.06m- 3.00 m argille limoso sabbiose marrone chiaro e nocciola con zonature ocra,
frustoli carboniosi mm.

Altezza falda freatica=-1.80 m da p.c.

Prelevati campioni A e B, campionamento acque per analisi chimiche.



P30 cassa 0-3.00metri.
Via Cagnona San Mauro Pascoli. N 44° 04’ 04.7” E 12°25’ 23.4”

Stratigrafia

0-0.50 m argille limose essiccate grigio scuro azzure terreno agrario

0.05m- 3.00 m argille limose e limi argillosi nocciola chiaro rare screziature ocra ocra,
frustoli carboniosi mm.

Altezza falda freatica=-1.70 m da p.c.

Prelevati campioni A e B, campionamento acque per analisi chimiche.



P35 cassa 0-4.30metri.
Via Longana Rimini. N 44° 06’ 22.7” E 12° 29’ 04.5”

Stratigrafia

0-0.90 m argille limose essiccate marroni terreno agrario

0.05m- 4.30 m argille limose e limi argillosi nocciola chiaro rare screziature ocra ed
azzurre, frustoli carboniosi mm.

Altezza falda freatica=-3.90 m da p.c.

Prelevati campioni A e B, e C intermedio, campionamento acque per analisi chimiche.



Strumentazione utilizzata Perforatrice EK200S per campionamento terre.



ALLEGATL:

All_a: Diagrafie prove CPTU.

All_b: Certificati Test di Laboratorio sui campioni di terreno prelevati in sito (vedasi
elaborato n. 1.42, cod. PLGENGEOO42A).

All_c: Certificati Test di Laboratorio sui campioni di acqua prelevati in sito (vedasi
elaborato n. 1.43. cod. PLGENGEOO43A).



1. Dr. Geologo Marco Roncuzzi

E nﬂ NIRRT & g‘g Via Zagarelli alle Mura, 22
E AWV RV R TR / 48121 Ravenna

II% © e-mail mroncuzzi@gmail.com

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 4 Via Fosso Nuovo
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.31 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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CLiqg v.1.7.6.49 - CPT Liquefaction Assessment Software - Report created on: 26/06/2019, 17:42:34 1
Project file:



This software is licensed to: GEOLOG s.r.l.

CPT name: CPTU 4 Via Fosso Nuovo
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Input parameters and analysis data
Analysis method: I&B (2008)
Fines correction method: 1&B (2008)

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:
Depth to water table (insitu):

Based on Ic value
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Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A
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CLiqg v.1.7.6.49 - CPT Liquefaction Assessment Software - Report created on: 26/06/2019, 17:42:34

Project file:



This software is licensed to: GEOLOG s.r.l.

CPT name: CPTU 4 Via Fosso Nuovo
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Analysis method:

Fines correction method:
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Earthquake magnitude M,,:
Peak ground acceleration:

I&B (2008)
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Based on Ic value
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Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A
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[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained

CLiqg v.1.7.6.49 - CPT Liquefaction Assessment Software - Report created on: 26/06/2019, 17:42:34
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 4 Via Fosso Nuovo

Liquefaction analysis overall plots (intermediate results)
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.31 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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CPT name: CPTU 4 Via Fosso Nuovo
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.31

Depth to water table (insitu): 1.00 m
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 4 Via Fosso Nuovo
Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.31 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPT 6 Argine sx Bevano
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 3.00m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 3.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.32 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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CPT name: CPT 6 Argine sx Bevano

Cone resistance

CPT basic interpretation plots

Friction Ratio

Pore pressure

SBT Plot

Soil Behaviour Type
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gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration: ~ 0.32 Use fill: No Limit depth applied: No [ 2 Organic r-natenal M 5. Sity sand to saT\dy sit. [l 8. Very St!ﬁ sand to.
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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CPT name: CPT 6 Argine sx Bevano

Norm. cone resistance
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A
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CPT name: CPT 6 Argine sx Bevano

CRR plot
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.32

Depth to water table (insitu): 3.00 m
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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gt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 7 Via Bagnolo
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.32 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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] __,..--'"""'# | Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
T No Liq uefaction L Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
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Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
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gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.32 Use fill: No Limit depth applied: No [ 2 Organic r-natenal [J 5 Sitty sand to saT\dy sit. [l 8. Very St!ff sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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Norm. cone resistance
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Input parameters and analysis data

Analysis method:

Fines correction method:

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.32

Depth to water table (insitu): 1.00 m

Depth (m)

CPT basic interpretation plots (normalized)
SBTn Plot

Norm. friction ratio

Nom. pore pressure ratio
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Fr (%) Bq
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

Norm. Soil Behaviour Type
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SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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CRR plot
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CRR & CSR

Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.32

Depth to water table (insitu): 1.00 m

Depth (m)

FS Plot
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Factor of safety
Depth to GWT (erthg.): 1.00 m
Average results interval: 1
Ic cut-off value: 2.60

Unit weight calculation:
Use fill:
Fill height:

Based on SBT
No
N/A

Depth (m)

15 T

0 5 10

15 20
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Liquefaction analysis overall plots
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 8 Via della Riforma
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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] __,..--'"""'# | Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
T No Liq uefaction L Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
O e e e e e e e e e e e geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Input parameters and analysis data

Analysis method:

Fines correction method:

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:
Depth to water table (insitu): 1.00 m

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.33

Depth (m)

Friction Ratio

CPT basic interpretation plots

Pore pressure
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Rf (%) u (kPa)
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

SBT Plot

Soil Behaviour Type
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SBT (Robertson et al. 1986)

SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-naterlal [J 5 Sitty sand to saT\dy sit. [ 8. Very St!ff sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.33

Depth to water table (insitu): 1.00 m
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Liquefaction analysis overall plots
FS Plot
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Factor of safety
Depth to GWT (erthg.): 1.00 m
Average results interval: 1
Ic cut-off value: 2.60

Unit weight calculation:
Use fill:
Fill height:
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qcliN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 9 Via Palazzone Mensa
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance
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Input parameters and analysis data
Analysis method: I&B (2008)
Fines correction method: 1&B (2008)

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

Based on Ic value
6.00
0.33

Depth to water table (insitu): 1.00 m

Depth (m)

CPT basic interpretation plots

Friction Ratio

Pore pressure
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Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

SBT Plot Soil Behaviour Type
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Ic(SBT) SBT (Robertson et al. 1986)

SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained

CLiqg v.1.7.6.49 - CPT Liquefaction Assessment Software - Report created on: 26/06/2019, 19:14:10

Project file:



This software is licensed to: GEOLOG s.r.l.
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Norm. cone resistance

[—

A4

M /N

Depth (m)
~N
w1

S ‘-"”"‘v\;)';

Py
e

10.5

11

11.5

12

12.5

13

13.5

14

P e

14.5

15 T

50

100

Qtn

150 200

Input parameters and analysis data

Analysis method:

Fines correction method:

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:
Depth to water table (insitu): 1.00 m

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.33

Depth (m)

CPT basic interpretation plots (normalized)
SBTn Plot

Norm. friction ratio

Nom. pore pressure ratio
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Fr (%) Bq
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

Norm. Soil Behaviour Type
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SBTn (Robertson 1990)
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Ic (Robertson 1990)

SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to
. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel -
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No . Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qcliN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 10 Via Viazza Cesena
Input parameters and analysis data

6.5 6.5

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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Cone resistance
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Input parameters and analysis data
Analysis method: I&B (2008)
Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00
Peak ground acceleration: 0.33

Depth to water table (insitu): 1.00 m
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Friction Ratio

CPT basic interpretation plots

Pore pressure
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Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A
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SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)
SBTn Plot
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Ic (Robertson 1990) SBTn (Robertson 1990)

SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots
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Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: 1&B (dZOOS) | Averageffrestlllts interval: ; 6 TransitliorclI detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: . K, applied: Yes Liquefacti li Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

SBTn Plot FS Plot

Cone resistance

| —
0.5 ‘-‘_=‘=__
1
15 =
: N
2.5 5 1
- ~ —
3 —
el S |
> N
1 & ||
4.5 kN |
5 P —
5.5 < =
6
o 4 [
g - g € -
5 7.5 S S
= o o .
a 8 .3 o o |
8.5 { .
TN
9.5 LZ =
10 N .
10.5 — =
11 =
11.5 =
12 T : a il
12.5 |
R
13.5 A
' > |
5 N
14.5 < .
15
1 2 3 4 5 1 2 3 4 0 0.5 1 1.5
gt (MPa) Ic (Robertson 1990) Factor of safety
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 11 Via S. Cristoforo (Cesena)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.33

Depth to water table (insitu): 1.00 m

Depth (m)

Friction Ratio

CPT basic interpretation plots

Pore pressure
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Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A
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SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Norm. cone resistance
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Input parameters and analysis data

Analysis method:

Fines correction method:

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.33

Depth to water table (insitu): 1.00 m

Depth (m)

CPT basic interpretation plots (normalized)
SBTn Plot
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SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
8 — —
0.5 { 0.5 ~ 0.5 0.5 ~ 3
1 == 1 3 1 1
—= < b
1.5 ﬂ; 1.5 1.5 1.5
2 2 % 2 2 s)
2.5 2.5 i 2.5 2.5 )
3 3 . 3 3
3.5 ? 3.5 3 S ————— 3.5—%.
4 { 4 ; 4 a1
4.5 rd 4.5 5 4.5 4.5
5 g 5 ) 5
5.5 ; 5.5 ‘ 5.5 5.5
: > T !
6.5 6.5 6.5 6.5
E 7 . £ E 7 z E 7 E 7 }
>
5 75 =] 575 £ 575 575 t
g s g g s-g g s g %
8.5 8.5 8.5 8.5
9 9 ,; 9 9 {
9.5 p 9.5 S 9.5 9.5 (
10 ~— 10 {2 10 107 9
10.5 é 10.5 < 10.5 10.5
11 11 .s 11 11
11.5 11.5 " 11.5 11.5
12 <.r 12 P 12 12 ‘
12.5 i 12.5 3 12.5 12.5
13 — 13 } 13 13
13.5 — 13.5 g 13,5 ———— 13.57]
14 1 14_? 14 14+
14.5 14.5 1 14.5 14.5 1
15 15— . . 15— 152 — . . .
5 10 15 20 25 30 35 1 2 3 4 0 50 100 150 200 012 3 456 7 8 910 0 50 100 150 200
qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 11 Via S. Cristoforo (Cesena)

Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No . Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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CPT name: CPTU 11 Via S. Cristoforo (Cesena)

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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gt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title :
CPT file : CPTU 12 S. Maria Nuova di Bertinoro
Input parameters and analysis data

Location :

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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7| No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
] geometry
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0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 12 S. Maria Nuova di Bertinoro

CPT basic interpretation plots

one resistance riction Ratio ore pressure (o) [o]] aviour lype
C ist Friction Rati P SBT Plot Soil Behavi T
e — L - 57 Sersifvefine grained
— Clay&siltyd
0.5 — 0.5 0.5 yoslycy
Clay
- b4 .
) ; ) ; ! Tnsitu Clayasityday
. —_— . < 1.5 '; gaygs!:lygay
2 % £ H ay&siltyclay
2.5 i 4 2.5 2.5 \ 7
' ) — |
2 T < 3
3 ~ ot 3 S 1.|
5 \ S
3.5 3.5 = 3.5 \ Oay
4 ‘b 4 \’ 4 \
4.5 2, 4.5 = 4.5 \ 2,
5 ‘_’5- 5 5 \ Clay&siltyclay
5.5 5.5 5.5 } Clay&siltyday
6 £ 6 6 \\ Clay
£ = | 1= g < £ £ Caysityoay
S 75 S 75 S 75 \ A S =
o } o -~ Q \ Q. [=X
g 8 kg g 8 g 8 \ o o
8.5 8.5 8.5
} . . \ é
9 3 9 < 9 Clay
9.5 § 951 ¢ 9.5 \ 3
' p; b 1 2
10 10 \; 10
10.5 10.5 10.5
Y _S
11 — 11 S 11 ygsityday
11.5 2 11.5 = 115 —
12 Pl 12 12
2 5 2 2| = Oy
12,5 12,5 12,5 \ C: _
s . ol = 3 | Oayasiyday
- 3 - 1 \
13.5 13.5 13.5 \ <
14 {"‘ 14 14 \ Cay
14.5 14.5 14.5
15 < o L R ] .
1 2 3 0 2 4 6 8 10 0 100 200 300 400 500 600 1 2 3 4 0 2 4 6 8 10 12 14 16 18
gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No SBT legend
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-natenal [J 5 Sitty sand to saT\dy sit. [l 8. Very St!ff sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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CPT name: CPTU 12 S. Maria Nuova di Bertinoro

Norm. cone resistance
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.33

Depth to water table (insitu): 1.00 m

Depth (m)

CPT basic interpretation plots (normalized)

Norm. friction ratio

Nom. pore pressure ratio

Depth (m)
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Depth to GWT (erthg.):

Average results interval:
Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

1.00 m

1

2.60

Based on SBT
No

N/A

Bq

Fill weight:

Transition detect. applied:

K, applied:

Clay like behavior applied:

Limit depth applied:
Limit depth:

1

N/A

No

Yes

Sands only
No

N/A

SBTn Plot Norm. Soil Behaviour Type
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Ic (Robertson 1990) SBTn (Robertson 1990)
SBTn legend
[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 12 S. Maria Nuova di Bertinoro

Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel -
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No . Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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gt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 13 Via Com. Montanara - Forlimpopoli
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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o =
0.5 ( 0.5 > 0.5 - E
1 1 1 .
1.5 <> 1.5 1.5 uring earthg. gl
2 F-d 2 2 =
2.5 2.5 2.5
3 7 3 3- —
3.5 3.5 3.5 =
4 4 4 =
4.§ & 4.2— 4.2 - 5
[ |
5.5—% 5.5 5.5 .
6 6 6 .
~ 6.5- 6.5 == 6.5 =
E 7 71~ 7 Z —
£ 75 7.5 7.5 =
g s 8- 8 |
a 8.5 8.5 8.5—= =
9 =1 9 7/ i
9.5 9.5 9.5 —
10 10 10 [ |
10.5 — 10.5 1054 & 10.5 -
11 11 11 p J -
s g 11.5 gj 11.5 11.5 |
12- 12 4 5 —
12.5+ S 12.5+ 12.5 12.5 E
13+ 13 13 i
13.5- 1357 <= 13.5 13.5 |
14- 14 "_' 14 B
14.5 14.5 14.5 14.5 |
15— 5 15— - - U EBURE
1 2 3 4 0o 2 4 6 8 0 0.2 0.4 0.6 0 0.5 1 1.5 2
gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
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T No Liq uefaction L Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
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Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
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gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-natenal [J 5 Sitty sand to saT\dy sit. [l 8. Very St!ff sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
CLiqg v.1.7.6.49 - CPT Liquefaction Assessment Software - Report created on: 26/06/2019, 20:15:38 2

Project file:



This software is licensed to: GEOLOG s.r.l.

CPT name: CPTU 13 Via Com. Montanara - Forlimpopoli

CPT basic interpretation plots (normalized)
SBTn Plot
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Nom. pore pressure ratio
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Ic (Robertson 1990) SBTn (Robertson 1990)
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SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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CPT name: CPTU 13 Via Com. Montanara - Forlimpopoli

CRR plot
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.33

Depth to water table (insitu): 1.00 m

Depth (m)

3
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Liquefaction analysis overall plots
FS Plot
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Factor of safety
Depth to GWT (erthg.): 1.00 m
Average results interval: 1
Ic cut-off value: 2.60

Unit weight calculation:
Use fill:
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 14 Via Emilia - Bertinoro
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.34 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPTU 14 Via Emilia - Bertinoro

CPT basic interpretation plots
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT legend
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No 9
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . .
Peak ground acceleration: 0.34 Use fill: No Limit depth applied: No . 2. Organic r-natenal
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay

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

[] 7. Gravely sand to sand
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CPT name: CPTU 14 Via Emilia - Bertinoro

Norm. cone resistance
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Input parameters and analysis data

Analysis method: I&B (2008)
Fines correction method: 1&B (2008)

Points to test:
Earthquake magnitude M,,:
Peak ground acceleration:

Based on Ic value
6.00
0.34

Depth to water table (insitu): 1.00 m

Depth (m)

CPT basic interpretation plots (normalized)
SBTn Plot

Norm. friction ratio Nom. pore pressure ratio Norm. Soil Behaviour Type
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Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No SBTn legend
Ic cut-off value: 2.60 Ko applied: ) Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
3;‘: %N"‘.alght calculation: ﬁaosed on SBT S;);tlg(:p':s f:;gﬁ;;pplled: ﬁaonds only . 2. Organic material . 5. Silty sand to sandy silt . 8. Very stiff sand to
Fill height: N/A Limit depth: N/A . 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.34 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel -
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.34 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.34 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 15 Potabilizzatore c/o Forlimpopoli (Maraldi)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.34 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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CPT name: CPTU 15 Potabilizzatore c/o Forlimpopoli (Maraldi)

Cone resistance Friction Ratio

CPT basic interpretation plots

Pore pressure
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | nd
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No ege
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . .
Peak ground acceleration: 0.34 Use fill: No Limit depth applied: No . 2. Organic r-naterlal
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay

SBT Plot
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SBT (Robertson et al. 1986)

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty

[] 7. Gravely sand to sand
[ 5. silty sand to sandy silt [ 8. Very stiff sand to
. 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT name: CPTU 15 Potabilizzatore c/o Forlimpopoli (Maraldi)

Norm. cone resistance
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.34

Depth to water table (insitu): 1.00 m

Depth (m)

Norm. friction ratio

CPT basic interpretation plots (normalized)
SBTn Plot

Nom. pore pressure ratio

0.5 0.5
1 f 1
1.5 —_— 1.5
2 ? 2
25 T 2.5
3 p 3
3.5 _ 3.5
g4
. [ \
4.5 p 4.5 k
’ 3
3
5.5 5.5 p
- 3
6 6 >
6.5 % 6.5 £
~— ~—
7 é 7 = é
7.5 £ 75 % £
Q. n- Q. n-
o) 8 (e f 8
8.5 - 8.5 L
<
9 9
954 < 9.5 );
10 10 \
-
10.5 10.5 ’)
<‘.
11 g"’f 1
11.5 =_ 11.5
12—3‘ 12
12.5 ; 12,5 =
13 — 13
13.5 13.5 }
14 14 <
14.5 14.5 -
15—% T T T 15— T T T T T
0 2 4 6 10 0.2 0 02 04 06 08 1
Fr (%) Bq
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A
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SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.34 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: 188 (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A Bl Aimost certain it will liquefy [ Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.34 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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CPT name: CPTU 15 Potabilizzatore c/o Forlimpopoli (Maraldi)

Norm. cone resistance

Check for strength loss plots (Idriss & Boulanger (2008))
SBTn Index

Residual strength correction

Corrected norm. cone resistance

Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.34 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 15 Potabilizzatore c/o Forlimpopoli (Maraldi)

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
[ W .
0.5 ! 0.5 0.5
1 L
1.5 Z = 1 ; :
. ,3 = = s ————— 1.5 b
2 .3 '.- 24 2
2.5 / 2.5 2.5
3 > = 3 3
3.5 e 3.5 3.5
4 } = 4 4
4.5 — 4.5 4.5
5 f i 5 5
5.5 3 5.5 5.5
6 . 6 6
5 |
6.5 . 6.5 6.5
g — € g = € E :
£ 75 4?_ 5 < - £ 7.5 £ 75 o
o (=X Q. (=X o (
R & & e — 8 ¢
- g —
8.5 2 8.5 8.5 g
[ ]
9 . | 9 9
9.5 9.5 é 9.5 =~
10 = = 10 10
10.5 q 10.5 10.5
1 = 11 11
11.5 N . 11.5 11.5
12 | 12 12
12.5 — | 12.5 12.5 [l
s O
13 - 13_I= 13
13.5 13.5 13.5
14 = 14 14
jp— O N |
15 |¢D - 15 I T T T T T T T T T T 15 T
i 2 3 4 5 1 2 3 4 0 0.5 1 1.5 2 0 1 2 3 4 5 &6 01 2 3 45 6 7 8
gt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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- Dr. Geologo Marco Roncuzzi
) Q‘E Via Zagarelli alle Mura, 22

e-mail mroncuzzi@gmail.com

LIQUEFACTION ANALYSIS REPORT

Project title :

CPT file : CPTU 16 Via Fornace (Cesena)
Input parameters and analysis data

Analysis method: 1&B (2008) G.W.T. (in-situ):

Fines correction method: I&B (2008) G.W.T. (earthq.):

Points to test: Based on Ic value  Average results interval:
Earthquake magnitude M,,:  6.00 Ic cut-off value:

Peak ground acceleration:  0.33 Unit weight calculation:

Cone resistance

Friction Ratio

Location :

2.00 m Use fill: No

2.00m Fill height: N/A

1 Fill weight: N/A

2.60 Trans. detect. applied: No

Based on SBT K, applied: Yes
SBTn Plot CRR plot

Summary of liquefaction potential

Clay like behavior

applied: Sands only

Limit depth applied: No

Limit depth: N/A

MSF method: Method based
FS Plot

—

2
3
4
5
6
7
8
9

[ e e T e O = T < O
o O N o U A W N = O

0

T O
0.5 1

[}
1.5 2
Factor of safety

6

1
Normalized friction ratio (%)

Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground

10

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,

= — \
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gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR
w=7/2, sigma'=1 atm base curve
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0.7 i g
. B 8
. - 9
: -8
0.6 / - ’8‘ 100
* 7] B —
n: - | -
& [ o
O 05 i Q
% i I o
i) ] r Q
=] - =
= ]
0.4 S
5 . N
T ol - =
L 03 / L £
] : - (o]
& P / -3
0.2 u e I
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] No Liquefaction |
0 geometry
0 20 40 60 80 100 120 140 160 180 200
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: GEOLOG s.r.l.

CPT name: CPTU 16 Via Fornace (Cesena)

Cone resistance

Friction Ratio

CPT basic interpretation plots

Pore pressure SBT Plot Soil Behaviour Type
'IE, Saetefinegraned |
0.5 0.5 0.5 ( Clay&siltyclay
1 1 1 Clay
1.5 1.5 4 154X Ow
5 5 Y v Claya:siltyclay
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5 5 5 l Clay&siltyclay
5.5 7 5.5 5.5 l Clay&siltyclay
6 - S 6 61| = Clay&siltyday
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10.5 10.5 10.5 0] Clay
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P | i
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12 R0 12 % 12 l\ \"L Oy
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13.5 13.5 — 1357 | gay
14 14—%‘2=E 14| &
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15 15 -Zf 15 “ ‘f
15.5 15.5 15.5 ‘ 2 Clay
16 16 16 | -
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17 17 7 | > Clay
<&
e Vel == v ~ Clayasitydlay
18 E= 18 18 | RS Clay&siltyday
18.5 =—- — 18.5 18.5 ‘ — Clay&siltyclay
191§ T 1913_ E 1913 ‘ : Oay&sittyday
' l —— g = SRR o VI
05 1 15 2 25 3.5 0 2 4 6 8 10 0 200 400 600 800 1,000 2 3 4 0 2 4 6 8 10 12 14 16 18
gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  2.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-natenal [J 5 Sitty sand to saT\dy sit. [l 8. Very St!ff sand to.
Depth to water table (insitu): 2.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 16 Via Fornace (Cesena)

CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
g !
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0 50 100 150 200 0 2 4 6 8 10 02 0 02 04 06 08 1 1 2 3 4 8 10 12 14 16 18
Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  2.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y y :
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-naterlal [J 5 Sitty sand to saT\dy sit. [ 8. Very St!ff sand to.
Depth to water table (insitu): 2.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [ 6. Clean sand to silty sand [] 9. Very stiff fine grained
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 16 Via Fornace (Cesena)

Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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10 15 20 25 30 35 40 45 50 55 1 2 3 4 0 50 100 150 200 012 3 456 7 8 910 0 50 100 150 200
qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  2.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 2.00 m Fill height: N/A Limit depth: N/A
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 16 Via Fornace (Cesena)

Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
0.5 0.5 05 0.5
1 1 1 1
1.5 1.5 1.5
2 — N 1'2 2
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18.5 18.5 18.5 18.5
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0 0.2 0.4 0.6 0 0.5 1 1.5 2 0 5 10 15 20 0 1 2 3 4 5 6 0
CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  2.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 applied: Yes ; ; . N -
Earthquake magnitude M,,:  6.00 Unit weight calculation: ~ Based on SBT é(ljaypliie behavior applied:  Sands only D L'qL_'efaCt'o." and no lig. are equally likely |:| Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 2.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 16 Via Fornace (Cesena)

Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  2.00 m Fill weight: N/A
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 2.00 m Fill height: N/A Limit depth: N/A
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CPT name: CPTU 16 Via Fornace (Cesena)

:: Liquefaction Potential Index calculation data :: (continued)

Depth
(m)
19.22
19.26
19.30
19.34
19.38
19.42
19.46
19.50
19.54
19.58
19.62
19.66
19.70
19.74
19.78
19.82
19.86
19.90
19.94
19.98

LPI = 0.00 - Liquefaction risk very low
LPI between 0.00 and 5.00 - Liquefaction risk low

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

Fu

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

W;

0.39
0.37
0.35
0.33
0.31
0.29
0.27
0.25
0.23
0.21
0.19
0.17
0.15
0.13
0.11
0.09
0.07
0.05
0.03
0.01

d.

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

LPI between 5.00 and 15.00 - Liquefaction risk high
LPI > 15.00 - Liquefaction risk very high

Abbreviations

FS: Calculated factor of safety for test point

Fi:  1-FS

w;:  Function value of the extend of soil liquefaction according to depth
d;:  Layer thickness (m)

LPI: Liquefaction potential index value for test point

LPI

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Depth
(m)

19.24
19.28
19.32
19.36
19.40
19.44
19.48
19.52
19.56
19.60
19.64
19.68
19.72
19.76
19.80
19.84
19.88
19.92
19.96
20.00

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

Overall liquefaction potential: 4.06

Fu

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Wz

0.38
0.36
0.34
0.32
0.30
0.28
0.26
0.24
0.22
0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

d;

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

LPI

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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LIQUEFACTION ANALYSIS REPORT

Project title :
CPT file : CPTU 17 Via Fiume di Sant'Andrea (Cesena)
Input parameters and analysis data

Location :

Analysis method: I&B (2008) G.W.T. (in-situ): 3.00m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 3.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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qt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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0.1 " Normalized friction ratio (%)
] : Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
7| No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
. geometry
U L L R L rrrrrTTrrTT T TTT T e e T Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPTU 17 Via Fiume di Sant'Andrea (Cesena)

Cone resistance
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.33

Depth to water table (insitu): 3.00 m

Depth (m)

Friction Ratio

CPT basic interpretation plots

Pore pressure
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Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

SBT Plot

Soil Behaviour Type
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Ic(SBT) SBT (Robertson et al. 1986)
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SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT name: CPTU 17 Via Fiume di Sant'Andrea (Cesena)

Norm. cone resistance

CPT basic interpretation plots (normalized)

Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-natenal [J 5 Sitty sand to saT\dy sit. [l 8. Very St!ﬁ sand to.
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A
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CPT name: CPTU 17 Via Fiume di Sant'Andrea (Cesena)

CRR plot
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Input parameters and analysis data
Analysis method: I&B (2008)
Fines correction method: 1&B (2008)
Points to test: Based on Ic value

Earthquake magnitude M,;:  6.00
Peak ground acceleration: 0.33
Depth to water table (insitu): 3.00 m

FS Plot
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Liquefaction analysis overall plots

1.5 2

Factor of safety
Depth to GWT (erthg.):  3.00 m
Average results interval: 1
Ic cut-off value: 2.60

Unit weight calculation:
Use fill:
Fill height:
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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1. Dr. Geologo Marco Roncuzzi
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II% © e-mail mroncuzzi@gmail.com

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 18 Via del Fiume in Ronta (Cesena)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 3.00m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 3.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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] No Liquefaction | Zone Ay: Cyclic liquefaction and strength loss likely depending on loading and ground
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Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
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gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-natenal [J 5 Sitty sand to saT\dy sit. [l 8. Very St!ﬁ sand to.
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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Norm. cone resistance

T

6.5

P
=
<
7.5—i
87 o

8.5

9.5

10

Depth (m)

10.5

11

11.5

12

12.5

13

13.5

14

14.5

15

15.5

16

16.5

17

17.5

18

18.5

19

N

0 50

100
Qtn

150 200

Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.33

Depth to water table (insitu): 3.00 m

Depth (m)

CPT basic interpretation plots (normalized)
SBTn Plot

Norm. friction ratio

Nom. pore pressure ratio
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Fr (%) Bq
Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

Norm. Soil Behaviour Type
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Ic (Robertson 1990) SBTn (Robertson 1990)

SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No . Unlike to liquefy
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.):  3.00 m Fill weight: N/A
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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gt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 20 Via Parataglio (Cesena)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
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gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | d
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-natenal [J 5 Sitty sand to saT\dy sit. [l 8. Very St!ff sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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CPT name: CPTU 20 Via Parataglio (Cesena)

Norm. cone resistance

CPT basic interpretation plots (normalized)

Norm. friction ratio
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m
Fines correction method: 1&B (2008) Average results interval: 1
Points to test: Based on Ic value Ic cut-off value: 2.60
Earthquake magnitude M,;:  6.00 Unit weight calculation:
Peak ground acceleration: 0.33 Use fill: No
Depth to water table (insitu): 1.00 m Fill height: N/A
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Fill weight:
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Clay like behavior applied:

Limit depth applied:
Limit depth:
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qcliN Ic (Robertson 1990) FC (%) Delta qcIN qclN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 20 Via Parataglio (Cesena)

Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
0.5 0.5 0.5 0.5
1 A4 | < 1 1
During earthg. ing 1
1.5 1.5 15 1.5
4O - TN : - ;
2.5 — 2.5 2.5 f" 2.5
o | )
7 = hY 2
3.5 2 ] 3.5 \ 3.5 /, 3.5
4 4 N\, 4 - 4
4.5 4.5 4.5 4.5
5 = 5 5 5
5.5 5.5 5.5 5.5
6 ! 6 6
6.5 6.5 6.5 6.5
[ > ) —~ ~ \ o > g ~
E 7 E E 7 E 7 E 7
S 75 S S 75 S 75 S 75
Q. Q. Q. Q. Q.
g 8 o 8 8 g 8 g 8
8.5 8.5 8.5 8.5
9 9 9 9
9.5 9.5 9.5 9.5
10 10 10 10
10.5 10.5 10.5 10.5
11 11 11 11
11.5 11.5 11.5 11.5
o’
12 12 12 12
12.5 12.5 12.5 12.5
13 13 13 13
13.5 13.5 13.5 13.5
14- 14 148 14
14.5 14.5 14.5 14.5
15 ; ; ; — 15 ; . . 15 15
0 0.2 0.4 0.6 0 0.5 1 1.5 2 0 5 10 15 20 012345678910 0
CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Ein_eiS ctorrtecttion method: IIB&B (c|20081) | ?vera;geffrestljlts interval: ; " zanSitliij detect. applied: $o . Very likely to liquefy |:| High risk
oin 0 test: ased on IC value C cut-ofIT value: . applied: es Li facti lig. Ily likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No . Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 20 Via Parataglio (Cesena)
Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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CPT name: CPTU 20 Via Parataglio (Cesena)

Estimation of post-earthquake settlements

Cone resistance SBTn Plot
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gt (MPa) Ic (Robertson 1990)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title :
CPT file : CPTU 21 Via Pisignano (Cesena)
Input parameters and analysis data

Analysis method:

Fines correction method:

Points to test:

Earthquake magnitude M,:
Peak ground acceleration:

'

Iiim

I&B (2008)

6.00
0.33

1&B (2008)

Dr. Geologo Marco Roncuzzi

Via Zagarelli alle Mura, 22
48121 Ravenna
e-mail mroncuzzi@gmail.com

Location :

G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Friction Ratio SBTn Plot CRR plot FS Plot

Cone resistance
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0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPTU 21 Via Pisignano (Cesena)

Cone resistance
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.33

Depth to water table (insitu): 1.00 m

Depth (m)

Friction Ratio

CPT basic interpretation plots

Pore pressure

SBT Plot Soil Behaviour Type
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Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A
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L
3 4 0 2 4 6 8 10 12 14 16 18

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

SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)
SBTn Plot

Norm. cone resistance Norm. friction ratio

Nom. pore pressure ratio
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A

Norm. Soil Behaviour Type

X
Siltysand & sandysilt
Clay
Clay&siltyclay
Clay&siltyclay
Clay&siltyclay
Clay

Clay

Clay
Siltysand & sandyssilt
Siltysand & sandyssilt
Siltysand & sardysilt
Clay&siltyclay
Clay&siltyclay
Clay
Clay&siltyclay
Clay

Clay&siltyclay
Clay
Clay&siltyclay
Clay

a

Gy
Clay&siltyclay
Clay&siltyclay
8ay&sillyday

ay
Clay&siltydl
Ogyy&silgdgyy
Clay&siltyclay

—
—

Depth (m)

Clay
Clay&siltyclay
Clay
Clay&siltyclay
Clay

Silty sand & sandysilt

Clay&siltyd
s@ym%éywsm

1

T T
6 8 10 12 14 16 18
SBTn (Robertson 1990)

2 3 4
Ic (Robertson 1990)

SBTn legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 22 Via Violone ang. Via Calabria
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

I&B (2008)

I&B (2008)

Based on Ic value
6.00

0.33

Depth to water table (insitu): 1.00 m

Depth (m)

Friction Ratio

CPT basic interpretation plots

Pore pressure
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Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

SBT Plot
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SBT (Robertson et al. 1986)

SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)
SBTn Plot

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . .
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No . 2. Organic r-naterlal
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty
[ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 6. Clean sand to silty sand |:| 9. Very stiff fine grained

[] 7. Gravely sand to sand
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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A 4
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Norm. cone resistance

Check for strength loss plots (Idriss & Boulanger (2008))
SBTn Index

Residual strength correction

Corrected norm. cone resistance
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title :
CPT file : CPTU 23 Via Mesola (Cesena)
Input parameters and analysis data

Location :

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot
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7| No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
] geometry
0 U U UL UL N DL B Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
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gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-naterlal [J 5 Sitty sand to saT\dy sit. [ 8. Very St!ff sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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Norm. cone resistance
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.33

Depth to water table (insitu): 1.00 m

Depth (m)

CPT basic interpretation plots (normalized)
SBTn Plot

Norm. friction ratio Nom. pore pressure ratio Norm. Soil Behaviour Type
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Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No SBTn legend
Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Use fill No Limit depth applied: No [ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to
Fill height: N/A Limit depth: N/A . 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 23 Via Mesola (Cesena)

Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qcliN Ic (Robertson 1990) FC (%) Delta qcIN qclN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No . Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v

Input parameters and analysis data

Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A

Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No

Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes

Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only

Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No

Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 24 Via Via Rubicone ang. Via Vanzie (Cesenatico)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot
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gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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Normalized CPT penetration resistance

Cyclic Stress Ratio* (CSR*)
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] L adP = 0.1 1 10
0.1 i - Normalized friction ratio (%)
] __,..--'"""'# | Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
T No Liq uefaction L Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
0 ] geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 24 Via Via Rubicone ang. Via Vanzie (Cesenatico)

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure SBT Plot Soil Behaviour Type
~ Cray
05 os] 2 05 Qayasiltydlay
. P . P | Clay&siltyclay
! — 12 1 Trkitu Sitysard & sandysil
1.5 o 157 S 15
‘ .
5 5 3 2 Clay&siltyclay
25 25 £ 25 Clay&siltyclay
— : ] Silty sand & sandysilt
= 34 3 o Clay&siltyday
Sad&siltysad
3.5 3.5 ¢ - 3.5 \ Sand &siltysand
4 { 4 4 \ Clay&sittyday
4.5 4.5 ? 4.5 \ ?
5 5 5 ca
S~ RS Y
5.5 5.5 4 5.5 "~
6 \ Clay&siltyclay
] \ r— Clay&siltyclay
6.5 6.5 6.5 Clay
e A7 g g A £ £ .
S 7.5 S 7.5 5 7.5 5 E Sllysa’d&sa’d/ﬂlt
g s g s i g & g g Sitysad & sandysil
— Clay&siltyday
8.5 8.5 8.5 Olay
¢ & . |
]7 ? Clay&siltyday
9.5 9.5 9.5 y 3
. ( . ' Clay
10 > 10—45. 10
10.5 & 10.5 10.5 N\ Clay&siltyclay
11 11 11 Silty sand & sandysilt
11.5 11.5 < 11.5 >
< .
12 é 12 12 | I Oay&sittyday
—— "
12.5 12.5 12.5 Sitysand & sandysilt
. = S Gayasityoay
13 13 13 \ Oay
13.5 13.5 13.5
) ), il 3 iy | Clay&siltyday
A 7 A= 1 Sittysardl & sary st
14.5 14.5 14.5 :
4 \ 2 Clay&siltydlay
15 15— . . . . 15 ———————————
1 2 3 4 5 6 7 0 2 4 6 8 10 0 100 200 300 400 500 600 1 2 3 4 0 2 4 6 8 10 12 14 16 18
gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-natenal M 5. Sity sand to saT\dy sit. [l 8. Very St!ﬁ sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.33 Use fill: No Limit depth applied: No [ 2 Organic r-naterlal [J 5 Sitty sand to saT\dy sit. [ 8. Very St!ff sand to.
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tosilty clay [] 6. Clean sand to silty sand [_] 9. Very stiff fine grained
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 24 Via Via Rubicone ang. Via Vanzie (Cesenatico)

Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
CLig v.1.7.6.49 - CPT Liquefaction Assessment Software - Report created on: 28/06/2019, 11:00:12 4
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 24 Via Via Rubicone ang. Via Vanzie (Cesenatico)

Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 24 Via Via Rubicone ang. Via Vanzie (Cesenatico)
Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
0.5 s__’ 0.5 lP 0.5 (
1 1 1 1 S
1.5 — 1.5 1.5 f
1 & z 1 ¢ 1
2.5 2.5 2.5 }_
— 3 3 3 ]
3.5 — 3.5 3.5 L‘)
4 3 4 4 < 4 {
4.5 ( 4.5 } 4.5
5 ] 5 5
5.5 5.5 f 5.5
6 6 6 6 ‘
6.5 3 6.5 6.5
£ MY E 7 E 7 / E E 1
S 7.5 S 75 S i S S 7.5
=Y =% =Y k =% =Y k
8 8 g 8 a8 8 o] 8 8
-
8.5 8.5 f 8.5
9 9 9 9
9.5 { 9.5 9.5
10 } 10 10 ; 10
10.5 g 10.5 10.5
11 7 11 11 11
11.5 ; 11.5 11.5
12 12 12 P 12
2 |
5 12.5 ? 12.5
13 f 13 13 13
13.5 ) 13.5 } 13.5
14 7_ 14 14 14
= Peak Su ratio
14.5 g 14.5 14.5 [ — Lig. Su ratio
15 B i o e o o e e e e e L 15 T T T T 15 T
20 40 60 80 100 012 3 456 7 8910 0 50 100 150 200 1 2 3 4 0 0.1 0.2 0.3 0.4 0.5
qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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CPT name: CPTU 24 Via Via Rubicone ang. Via Vanzie (Cesenatico)

Estimation of post-earthquake settlements

Cone resistance SBTn Plot
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Abbreviations

q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index

FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 25 Via Vetreto ang. Via Capannaguzzo (Cesena)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.33 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot
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gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
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] geometry

0 o e e e e e e e e e

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPTU 25 Via Vetreto ang. Via Capannaguzzo (Cesena)

Cone resistance
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Input parameters and analysis data

Analysis method: I&B (2008)

Fines correction method: 1&B (2008)
Points to test: Based on Ic value
Earthquake magnitude M,;:  6.00

Peak ground acceleration: 0.33

Depth to water table (insitu): 1.00 m

Depth (m)

Friction Ratio

CPT basic interpretation plots

Pore pressure

SBT Plot
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Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No SBT legend
Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Use fill No Limit depth applied: No [ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to
Fill height: N/A Limit depth: N/A . 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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Input parameters and analysis data

Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen

Points to test: Based on Ic value Ic cut-off value: 2.60 Ko applied: ) Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
IE::I? glr]ssﬁdni%gﬁg;oﬂv: ggg 3::: %N"‘.alght calculation: ﬁaosed on SBT ﬁlgt"(l;:p':ﬁ r::)\gﬁ;;pplled: ﬁaonds only . 2. Organic material . 5. Silty sand to sandy silt . 8. Very stiff sand to
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
R

O.SIM““““‘I 0.5
Jw l-E

E
. 1.5 15 15 —
25 Z-Sﬂ% 25—
3 3 3 —
3.5 3.5 3.5 -
4 4 4 —
4.5 4.5 4.5
5 5
5.5 ) .
6 6 6
6.5 6.5 6.5
7 7 7
7.5 7.5 7.5
8 8 8
8.5 8_54= 8.5
9 9 9
9.5 9.5 9.5
10 10 10
10.5 10.5 10.5 zE
11 11 11 4
11.5 11.5 11.5 =
121 12 12
12.5 12.5 12.5 <'
13 13 ﬂ 13
13.5 13.5 13.5
14 14 14
14.5 14.5 14.5 {f
15 15 15
1 2 3 4

¥

0.5 0.5

1.2 C
(,-

\w

{

e SMAN
Y

U

o
\J\,ﬂ"""‘r

o

g Ul
]

Depg\ (m)
Depth (m)
Depth (m)
Depth (m)
Depth (m)

T VA

f

WY

10.5
11
11.5
12
12.5 =
13
13.5
14
14.5 ¢
15

|

MRSVAL

20 40 60 80 100 120 140 160 0 50 100 150 200 0123456 7 89 10 0 50 100 150 200
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Input parameters and analysis data

Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A

Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No

Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No

Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
0.5 0.5 0.5 0.5
1 AR — : : :
1.5 X 1.5 \ 15 1.5
2 /L-i- \ 2 \ 2 2
2.5 2.5 \.\ 2.5 / 2.5
3 = 3 3
3.5 n 3.5 \L 3.5 Ji 3.5
4 - 4 N 4 7 4
4.5 4.5 4.5 4.5
5 5 5 5
5.5 5.5 5.5 5.5
6 6 6
6.5 6.5 6.5 6.5
~— ~— ~— ~— ~—~
E 7 E E 7 E 7 E 7
S 7.5 S S 7.5 S 75 S 7.5
o o Q [=} N Q o N
8 8 o] 8 8 g 8 8 8
8.5 8.5 8.5 8.5
9 9 9 9
9.5 9.5 9.5 9.5
10 ‘? 10 \ 10 / 10
10.5 10.5 10.5 10.5
11 _; 11 \\ 11 // 11
ns4—5 11.5 \ 115 ( 11.5
24 = 12 12 12
12.5 12.5 \ 12.5 / 12.5
13 13 13 13
13.5 f 13.5 "\ 13.5 13.5
14 14 14 / 14
14.5 14.5 14.5 14.5
15 . . . 1 — 15— . . 15 15
0 0.2 0.4 0.6 0 0.5 1 1.5 2 0 5 10 15 20 0 5 10 15 20 25 0
CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.33 Use fill: No Limit depth applied: No . Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.33 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements
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Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index

Calculated Factor of Safety against liquefaction
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPTU 26 Via del mare (Sala di Cesenatico)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.32 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPTU 26 Via del mare (Sala di Cesenatico)

Cone resistance
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Input parameters and analysis data
'I:T;_Iz Sclzrr::aecfc'i-‘g: }11ethod: igg gggg;
Points to test: Based on Ic value

Earthquake magnitude M,;:  6.00
Peak ground acceleration: 0.32

Depth to water table (insitu): 1.00 m

Depth (m)

Friction Ratio

CPT basic interpretation plots

Pore pressure
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Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Average results interval: 1 Transition detect. applied:  No
Ic cut-off value: 2.60 K, applied: Yes
Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Use fill: No Limit depth applied: No
Fill height: N/A Limit depth: N/A

SBT Plot Soil Behaviour Type
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Ic(SBT) SBT (Robertson et al. 1986)

SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.32 Use fill: No Limit depth applied: No [ 2. Organic material [l 5 Sitysandtosandysitt [l 8. Very stiff sand to
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.32 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 26 Via del mare (Sala di Cesenatico)

Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
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gt (MPa) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (cm)
Abbreviations
q: Total cone resistance (cone resistance qc corrected for pore water effects)
I: Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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& q‘%- Via Zagarelli alle Mura, 22

48121 Ravenna

e-mail mroncuzzi@gmail.com

LIQUEFACTION ANALYSIS REPORT

Project title :

CPT file : CPTU 31 Via Viona (S. Mauro Pascoli)
Input parameters and analysis data

Location :

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.32 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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w=7/2, sigma'=1 atm base curve Summary of liquefaction potential
0.8 ' ' ' 1 ' ' ' ' ' | ' ' ' 1,000 | | I I B | _ | 1 T
] Liquefaction r 3
0.7 i g
. -8
. - o
: -8
0.6 / - ’8‘ 100
% b r R
o4 7] | =}
& [ i o
O 05 Q
% ] I 5
o ] - s
= - =
] i
'ﬁ 0.4- S
=] - N
T -l - s
2 037 / - g
:)>)“ 7 / B 2
- SO W S0 w0 L
0.2 «® // i
’ <o / i
] " - 0.1 1 10
0.1 " r Normalized friction ratio (%)
] __.-—“'""ﬂﬂ | Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
7| No Liq uefaction | Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
. geometry
LU L L L L AL UL UL B L UL Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
quN, cs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 31 Via Viona (S. Mauro Pascoli)

CPT basic interpretation plots
Cone resistance

Friction Ratio

Pore pressure

SBT Plot

Soil Behaviour Type
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gt (MPa) Rf (%) u (kPa) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No egen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.32 Use fill: No Limit depth applied: No [ 2. Organic material [l 5 Sitysandtosandysitt [l 8. Very stiff sand to
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 31 Via Viona (S. Mauro Pascoli)

CPT basic interpretation plots (normalized)

Norm. cone resistance Norm. friction ratio Nom. pore pressure ratio SBTn Plot Norm. Soil Behaviour Type
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Qtn Fr (%) Bq Ic (Robertson 1990) SBTn (Robertson 1990)
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.32 Use fill: No Limit depth applied: No [ 2. Organic material [l 5 Sitysandtosandysitt [l 8. Very stiff sand to
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 31 Via Viona (S. Mauro Pascoli)

Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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qclN Ic (Robertson 1990) FC (%) Delta qciN qciN,cs
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 31 Via Viona (S. Mauro Pascoli)

Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 applied: Yes ; ; . N -
Earthquake magnitude M,,:  6.00 Unit weight calculation: ~ Based on SBT é(ljaypliie behavior applied:  Sands only D L'qL_'efaCt'o." and no lig. are equally likely |:| Low risk
Peak ground acceleration: ~ 0.32 Use fill: No Limit depth applied: No O uniike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 31 Via Viona (S. Mauro Pascoli)

Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qclN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: No
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: N/A
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CPT name: CPTU 31 Via Viona (S. Mauro Pascoli)

:: Post-earthquake settlement due to soil liquefaction ::

Depth Jeinges FS ey (%) DF Settlement Depth Jein,es FS ey (%) DF Settlement
(m) (cm) (m) (cm)
1.00 30.34 2.00 0.00 1.00 0.00 1.02 30.40 2.00 0.00 1.00 0.00
1.04 30.20 2.00 0.00 1.00 0.00 1.06 29.16 2.00 0.00 1.00 0.00
1.08 28.45 2.00 0.00 1.00 0.00 1.10 27.92 2.00 0.00 1.00 0.00
1.12 28.04 2.00 0.00 1.00 0.00 1.14 27.67 2.00 0.00 1.00 0.00
1.16 27.09 2.00 0.00 1.00 0.00 1.18 25.80 2.00 0.00 1.00 0.00
1.20 24.62 2.00 0.00 1.00 0.00 1.22 24.49 2.00 0.00 1.00 0.00
1.24 24.69 2.00 0.00 1.00 0.00 1.26 25.02 2.00 0.00 1.00 0.00
1.28 24.51 2.00 0.00 1.00 0.00 1.30 22.29 2.00 0.00 1.00 0.00
1.32 21.96 2.00 0.00 1.00 0.00 1.34 22.32 2.00 0.00 1.00 0.00
1.36 22.40 2.00 0.00 1.00 0.00 1.38 22.81 2.00 0.00 1.00 0.00
1.40 23.30 2.00 0.00 1.00 0.00 1.42 23.43 2.00 0.00 1.00 0.00
1.44 23.85 2.00 0.00 1.00 0.00 1.46 23.52 2.00 0.00 1.00 0.00
1.48 24.70 2.00 0.00 1.00 0.00 1.50 25.33 2.00 0.00 1.00 0.00
1.52 25.13 2.00 0.00 1.00 0.00 1.54 25.89 2.00 0.00 1.00 0.00
1.56 27.37 2.00 0.00 1.00 0.00 1.58 28.09 2.00 0.00 1.00 0.00
1.60 27.73 2.00 0.00 1.00 0.00 1.62 27.63 2.00 0.00 1.00 0.00
1.64 27.26 2.00 0.00 1.00 0.00 1.66 27.21 2.00 0.00 1.00 0.00
1.68 27.44 2.00 0.00 1.00 0.00 1.70 27.57 2.00 0.00 1.00 0.00
1.72 28.55 2.00 0.00 1.00 0.00 1.74 28.44 2.00 0.00 1.00 0.00
1.76 29.28 2.00 0.00 1.00 0.00 1.78 30.74 2.00 0.00 1.00 0.00
1.80 31.25 2.00 0.00 1.00 0.00 1.82 31.33 2.00 0.00 1.00 0.00
1.84 30.41 2.00 0.00 1.00 0.00 1.86 29.95 2.00 0.00 1.00 0.00
1.88 29.95 2.00 0.00 1.00 0.00 1.90 29.20 2.00 0.00 1.00 0.00
1.92 29.12 2.00 0.00 1.00 0.00 1.94 29.40 2.00 0.00 1.00 0.00
1.96 29.52 2.00 0.00 1.00 0.00 1.98 30.14 2.00 0.00 1.00 0.00
2.00 30.30 2.00 0.00 1.00 0.00 2.02 29.66 2.00 0.00 1.00 0.00
2.04 30.04 2.00 0.00 1.00 0.00 2.06 30.32 2.00 0.00 1.00 0.00
2.08 29.61 2.00 0.00 1.00 0.00 2.10 29.82 2.00 0.00 1.00 0.00
2.12 29.82 2.00 0.00 1.00 0.00 2.14 30.24 2.00 0.00 1.00 0.00
2.16 29.65 2.00 0.00 1.00 0.00 2.18 29.23 2.00 0.00 1.00 0.00
2.20 28.68 2.00 0.00 1.00 0.00 2.22 28.51 2.00 0.00 1.00 0.00
2.24 28.71 2.00 0.00 1.00 0.00 2.26 29.12 2.00 0.00 1.00 0.00
2.28 29.24 2.00 0.00 1.00 0.00 2.30 28.85 2.00 0.00 1.00 0.00
2.32 28.92 2.00 0.00 1.00 0.00 2.34 28.04 2.00 0.00 1.00 0.00
2.36 28.04 2.00 0.00 1.00 0.00 2.38 28.74 2.00 0.00 1.00 0.00
2.40 28.77 2.00 0.00 1.00 0.00 2.42 29.76 2.00 0.00 1.00 0.00
2.44 30.00 2.00 0.00 1.00 0.00 2.46 30.92 2.00 0.00 1.00 0.00
2.48 31.57 2.00 0.00 1.00 0.00 2.50 31.41 2.00 0.00 1.00 0.00
2.52 31.66 2.00 0.00 1.00 0.00 2.54 31.40 2.00 0.00 1.00 0.00
2.56 31.73 2.00 0.00 1.00 0.00 2.58 31.27 2.00 0.00 1.00 0.00
2.60 31.56 2.00 0.00 1.00 0.00 2.62 32.15 2.00 0.00 1.00 0.00
2.64 3231 2.00 0.00 1.00 0.00 2.66 32.27 2.00 0.00 1.00 0.00
2.68 31.98 2.00 0.00 1.00 0.00 2.70 31.76 2.00 0.00 1.00 0.00
2.72 31.92 2.00 0.00 1.00 0.00 2.74 31.62 2.00 0.00 1.00 0.00
2.76 31.15 2.00 0.00 1.00 0.00 2.78 30.34 2.00 0.00 1.00 0.00
2.80 29.87 2.00 0.00 1.00 0.00 2.82 30.32 2.00 0.00 1.00 0.00
2.84 30.94 2.00 0.00 1.00 0.00 2.86 30.97 2.00 0.00 1.00 0.00
2.88 31.05 2.00 0.00 1.00 0.00 2.90 30.21 2.00 0.00 1.00 0.00
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LIQUEFACTION ANALYSIS REPORT

Project title :

Location :

CPT file : CPTU 33 Via Donegallia - Bellaria Igea Marina (RN)
Input parameters and analysis data

Analysis method: I&B (2008) G.W.T. (in-situ): 1.00 m Use fill: No Clay like behavior
Fines correction method: I&B (2008) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 1 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,,:  6.00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: 20.00 m
Peak ground acceleration:  0.32 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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This software is licensed to: GEOLOG s.r.l.

CPT name: CPTU 33 Via Donegallia - Bellaria Igea Marina (RN)

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 20.00 m

SBT Plot Soil Behaviour Type
STEMefegrand |
0.5
1
1.5 Clay
2
2.5 Clay&siltycl
3 S@Isad sgyd/silt
3.5 Clay&siltyclay
4 Clay
4.5 Clay&siltyclay
5 Clay
5.5 Clay
6 Clay
6.5 Clay&siltyclay
7 Clay&siltyclay
7.5
8 Clay
8.5
~ 9 Clay&siltyclay
E o5 Qay
S 10 Clay&siltyday
S 105 Clay
a Cay
11 Clay&siltydlay
11.5 Clay
12 Clay
a
Gy
Clay&siltyclay
Clay&siltyclay
Clay
Clay
Clay&siltyclay
Clay
Clay&siltyclay
Clay
Clay
Clay&siltyclay
Clay&siltyclay
Sltysand & sandysilt
| L L L L L
2 3 4 0 2 4 6 8 10 12 14 16 18
Ic(SBT) SBT (Robertson et al. 1986)
SBT legend

[l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [ 5. silty sand to sandy silt [ 8. Very stiff sand to
. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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This software is licensed to: GEOLOG s.r.l. CPT name: CPTU 33 Via Donegallia - Bellaria Igea Marina (RN)

CPT basic interpretation plots (normalized)
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBTn | d
Fines correction method: 1&B (2008) Average results interval: 1 Transition detect. applied:  No h legen
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only . . y " :
Peak ground acceleration‘?’ 0.32 Use fill: No Limit depth applied: Yes [ 2. Organic material [ 5 sSitty sand to sandy siit [ 8. Very stiff sand to
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 20.00 m B 3. Clay tossilty clay [] 6. Clean sand to silty sand [_] 9. Very stiff fine grained
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance SBTn Index Apparent fines content "Fines" adjustment Corrected norm. cone resistance
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Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 20.00 m
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Liquefaction analysis overall plots

CRR plot FS Plot LPI Vertical settlements Lateral displacements
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CRR & CSR Factor of safety Liquefaction potential Settlement (cm) LDI
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: I&B (2008) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i Iy likel .
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e act|o.n and no liq. are equally fikely D Low risk
Peak ground acceleration: ~ 0.32 Use fill: No Limit depth applied: Yes . Unlike to liquefy
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 20.00 m . Almost certain it will not liquefy
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CPT name: CPTU 33 Via Donegallia - Bellaria Igea Marina (RN)

Check for strength loss plots (Idriss & Boulanger (2008))

Norm. cone resistance Residual strength correction Corrected norm. cone resistance SBTn Index Liquefied Su/Sig'v
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qcliN Delta qc1N-Sr qc1Ncs-Sr Ic (Robertson 1990) Su/Sig'v
Input parameters and analysis data
Analysis method: I&B (2008) Depth to GWT (erthg.): 1.00 m Fill weight: N/A
Fines correction method: I&B (2008) Average results interval: 1 Transition detect. applied:  No
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.00 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.32 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 1.00 m Fill height: N/A Limit depth: 20.00 m
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Estimation of post-earthquake settlements

Cone resistance SBTn Plot
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Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain

0

FS Plot

0.5 1 1.5
Factor of safety

Depth (m)

Strain plot

2.5

4.5
5
5.5
6
6.5
7
7.5

Q

; g
35
4i|

O

8.5

9
9.5

—_
o

10.5
11
11.5

12

12.5

13

13.5

14

14.5

15

15.5

16

16.5

17

17.5

18

18.5

19

19.5

20

i 2 3 4 5
Volumentric strain (%)

Depth (m)

— =
P a9 e . N oy 1 A W N2 O
NURUOoOULVVUooULN OO UTUU D UTWUIN UTHE U

12.5
13
13.5
14
14.5
15
15.5
16
16.5
17
17.5
18
18.5
19
19.5
20

Vertical settlements

1 2
Settlement (cm)

CLiqg v.1.7.6.49 - CPT Liquefaction Assessment Software - Report created on: 01/07/2019, 17:10:56

Project file:

83



	Fogli e viste
	P1GENGEO040A - Relazione sulle attività eseguite-P1GENGEO040A


		2022-07-05T14:17:02+0000
	ERBA PAOLA


		2022-07-08T10:05:10+0000
	baldoni paolo




