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OGGETTO: Fondo Consolata — rischio sismico (Rif. 706/20) — “Caratterizzazione geologica, geotecnica e
sismica a supporto della variante al piano particolareggiato di iniziativa privata Fondo Consolata nel
Comune di Nonantola (MO)”

In data 23/11/2020, sono state eseguite in sito le seguenti indagini geognostiche ubicate come da figura

seguente:

e n. 2 prove penetrometriche statiche con punta elettrica e piezocono CPTU

e n. 4 prove penetrometriche statiche con punta meccanica CPT

Fig. 1.1 — Ubicazione CPT e CPTU.

Nella tabella seguente si espongono le profondita delle verticali di prova realizzate ed il valore della

soggiacenza della falda per ciascuna prova.

VERTICALE DI PROVA PROFONDITA PROVE SOGGIACENZA FALDA
CPT1 -20.00 m da p.c. -2.48 m da p.c.
CPT 2 -20.00 m da p.c. -2.40 m da p.c.
CPT3 -15.00 m da p.c. -3.00 m da p.c.
CPT4 -15.00 m da p.c. -3.00 m da p.c.
CPTU 1 -20.12 m da p.c. -4.20 m da p.c.
CPTU 2 -20.10 m da p.c. -3.55mda p.c.

Indagini geognostiche, geofisiche e consulenze geologiche — geotecniche e ambientali
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Azione sismica e risposta sismica del sito
In accordo con quanto esposto nella D.G.R. 630/19, I'analisi RSL in oggetto & stata svolta adottando come

input sismico 3 accelerogrammi, corrispondenti allo stato limite SLV. | segnali di riferimento sono stati
successivamente scalati per il valore di PGA, atteso al suolo rigido in corrispondenza dell’areale oggetto di
analisi. Per fare cio & stata considerata I'interpolazione spaziale dei valori di PGA, proposta da INGV per il
territorio nazionale e resi disponibili per il territorio regionale sui punti di una griglia con passo 0.05 gradi.
Per il sito in oggetto tale valore & pari a 0.161g considerando un valore di Cu = 1.00 (Classe d’uso Il) e Vn =
50 anni per ottenere un tempo di ritorno pari a 475 anni.

Dai risultati esposti nella relazione (Rif. 706/20), dall’analisi di risposta sismica locale si ottiene un valore di
accelerazione massima attesa al suolo del valore PGAmax=Amax=0.240g (per T=0s).

Stabilita nei confronti della liquefazione (DGR 630/19 e DGR 476/21)

Siillustrano i valori di LPI considerando un’accelerazione massima al suolo Amax = 0.240g (calcolata secondo
RSL) e una magnitudo di riferimento pari a M=6.14 (derivante dalla zonazione sismogenetica).
A seguito della verifica, si sono ottenuti i seguenti valori di LPI:

INDAGINE INDICE DI LIQUEFAZIONE RISCHIO

CPT1 1.755 BASSO
CPT 2 1.412 BASSO

Stima dei cedimenti indotti dall’azione sismica (DGR 630/19 e DGR 476/21)

La stima dei cedimenti indotti dall’azione sismica si ottiene applicando le procedure descritte nell’allegato
A3.B della DGR 476/2021. Si ricorda che, come cita la norma DGR 476/21, la stima dei cedimenti indotti
dall’azione sismica e affetta da notevoli incertezze e che i valori che si ottengono devono intendersi solo
orientativi. Il calcolo dei cedimenti post-sismici in terreni incoerenti (vertical settlements) in condizioni
sature (liquefaction vertical settlements) e insature (dry sand vertical settlements) ha evidenziato quanto

segue:
INDAGINE CEDIMENTO IN TERRENI INCOERENTI CEDIMENTO IN TERRENI INCOERENTI
SATURI — (Lig. Seattle) INSATURI — (Dry. Seattle)

CPTU 1 0.00 cm 0.00 cm

CPTU 2 14.57 cm 0.00 cm

CPT1 3.32cm 0.00 cm

CPT 2 3.32cm 0.00 cm

CPT3 0.00 cm 0.00 cm

CPT 4 0.00 cm 0.00 cm

| cedimenti conseguenti a liquefazione di terreni granulari saturi hanno luogo immediatamente dopo il
terremoto o comunque in un tempo non superiore a un giorno, i cedimenti per densificazione di terreni
granulari insaturi avvengono durante lo scuotimento sismico, mentre i cedimenti per consolidazione di

Indagini geognostiche, geofisiche e consulenze geologiche — geotecniche e ambientali
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terreni coesivi soffici possono richiedere tempi anche molto lunghi in funzione delle condizioni
stratigrafiche e geotecniche.

Si precisa che I'elaborato (Rif. 706/20) contiene lo studio di Microzonazione Sismica a_supporto del
progetto per la presentazione della variante urbanistica relativa al piano particolareggiato di iniziativa

privata del comparto “Fondo Consolata” nel Comune di Nonantola (MO). Lo studio in oggetto e stato
eseguito in ottemperanza alla disposizione regionale DGR 630/2019 e alle norme tecniche delle per le
costruzioni NTC 2018. Lo studio comunale di Microzonazione sismica, ed in particolare la “Carta delle
Microzone omogenee in prospettiva sismica” prescrive, per I'area in oggetto, approfondimenti di lll livello a
causa di scenari suscettibili di instabilita. Per tale prescrizione, nel presente elaborato e stato eseguito uno
studio di “lll livello di approfondimento” mediante risposta sismica locale RSL, stima dei cedimenti post-
sismici e valutazione della suscettivita alla liquefazione.

Dalle verifiche eseguite, si evidenzia un’instabilita in corrispondenza della verticale CPTU 2; dall’analisi della
suscettibilita nei confronti del fenomeno della liquefazione per la CPTU 2 si & ottenuto un valore di LPI pari
a un rischio alto.

Secondo questo studio di Microzonazione Sismica realizzato a supporto del progetto per la presentazione
della variante urbanistica, gli interventi in progetto possono essere realizzati ma con le seguenti
prescrizioni, gia citate nell’elaborato Rif. 706/22: in fase di progettazione esecutiva, per ciascuna area di
sedime di ogni fabbricato che verra realizzato, sara necessario eseguire una campagna di indagini
geognostiche al fine di definire le caratteristiche geologico-stratigrafiche, geotecniche e sismiche relative al
volume significativo di sottosuolo indagato per ogni edificio e quindi definire il rischio di liquefazione in
maniera puntuale. In caso di accertato rischio di liquefazione, sara necessario realizzare interventi atti a
mitigarne il rischio.

Inoltre in accordo con il paragrafo 7.11.3.4.3 della normativa tecnica nazionale NTC 2018, sara a discrezione
del progettista stabilire 'adeguatezza del margine di sicurezza nei confronti della liquefazione.

Modena, 17 ottobre 2022

Dott. Geol. Pier Luigi Dallari

Indagini geognostiche, geofisiche e consulenze geologiche — geotecniche e ambientali
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LIQUEFACTION ANALYSIS REPORT

Project title :
CPT file: CPTU 1

Input parameters and analysis data

Analysis method: B&I (2014)
Fines correction method: B&I (2014)

G.W.T. (in-situ):
G.W.T. (earthq.):

Points to test: Based on Ic value  Average results interval:

Earthquake magnitude M,,: 6.14
Peak ground acceleration:  0.24

Ic cut-off value:
Unit weight calculation:
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Fill height: N/A applied: Sands only
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Normalized CPT penetration resistance
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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

geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: Geo Group SRL CPT name: CPTU 1

CPT basic interpretation plots

Cone resistance Friction Ratio Pore pressure Soil Behaviour Type
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 4.20 m Fill weight: N/A SBT | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes 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,;:  6.14 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only : : ] : :
Peak ground acceleration: ~ 0.24 Use fill: No Limit depth applied: Yes [ 2 Organic material [ 5 ity sand to sandy siit [ 8. Very stiff sand to
Depth to water table (insitu): 4.20 m Fill height: N/A Limit depth: 20.00 m 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: Geo Group SRL CPT name: CPTU 1

CPT basic interpretation plots (normalized)
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 4.20 m Fill weight: N/A SBTn | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes n 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,;:  6.14 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only : : ] : :
Peak ground acceleration: ~ 0.24 Use fill: No Limit depth applied: Yes [ 2 Organic r.naterlal [ 5 Sity sand to sal.'ldy sit. [ 8. Very St!ﬁ sand to.
Depth to water table (insitu): 4.20 m Fill height: N/A Limit depth: 20.00 m B 3. Clay tossilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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CPT name: CPTU 1

Liquefaction analysis overall plots (intermediate results)
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 4.20 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.14 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.24 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 4.20 m Fill height: N/A Limit depth: 20.00 m
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CPT name: CPTU 1
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Input parameters and analysis data

B&I (2014)
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Fines correction method:
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CPT name: CPTU 1

Liquefaction analysis summary plots
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Input parameters and analysis data

Analysis method: B&I (2014) Depth to GWT (erthg.):
Fines correction method: B&I (2014) Average results interval:
Points to test: Based on Ic value Ic cut-off value:
Earthquake magnitude M,;:  6.14 Unit weight calculation:
Peak ground acceleration: 0.24 Use fill:

Depth to water table (insitu): 4.20 m Fill height:
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Project title : Location :
CPT file : CPTU 2
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 3.55m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 3.55m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: Yes
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: 20.00 m
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Input parameters and analysis data
Analysis method: B&I (2014)
Fines correction method: B&I (2014)
Points to test: Based on Ic value

Earthquake magnitude M,;:  6.14
Peak ground acceleration: 0.24
Depth to water table (insitu): 3.55 m
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Input parameters and analysis data
Analysis method: B&I (2014)
Fines correction method: B&I (2014)
Points to test: Based on Ic value

Earthquake magnitude M,;:  6.14
Peak ground acceleration: 0.24
Depth to water table (insitu): 3.55 m
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Liquefaction analysis overall plots (intermediate results)
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 3.55m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.14 Unit weight calculation:  Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.24 Use fill: No Limit depth applied: Yes
Depth to water table (insitu): 3.55 m Fill height: N/A Limit depth: 20.00 m
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Liquefaction analysis summary plots
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LIQUEFACTION ANALYSIS REPORT

Project title : Studio del terreno di fondazione

CPT file : CPT-01
Input parameters and an

alysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 2.48 m Use fill: No
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill heiéht' N/A
Points to test: Based on Ic value  Average results interval: 3 Fill weight.' N/A
Earthquake magnitude M,  6.14 Ic cut-off value: 2.60 Trans. detect applied: Yes
Peak ground acceleration: ~ 0.24 Unit weight calculation:  pocoq on SBT K, ap;.JIied: ’ " Yes
1 \( 1 I v
1 -
A > A < ?nngeaﬁu
A \ L 2
3 3 3
)
. . =
4 4 S 4
5 / 5 b4 5
\o) ( \o) \ 6
5 )} 5
/ (’ / 7
J L = ’
E , °
< 107 742* 100 [
8 ~) )
au P n S {3
5 e -
12 12 2
/ ‘\\> ©
13 13 [ 13
14 > 14 <" 14
15 / 15 > o e —
o/ B J 4
io) r 10
17 l 17 17
18 \ 18 ‘7’ 18
¢ S
0 2 4 0 2 4 6 8 10 1 2 3 4 0 0.2 04 0.6
o (MPa) Rf (%) Ic (Robertson 1990) RR&CR
w=7/2, sigma’'=1 atm base curve
0.0 1 1 1 1 1 1 1 1 1 1 1 1,an_ 1 1 [ NN
i I.iqLehchlon r
0.7_ L
06 I

o
5

Cyclic Stress Ratio* (CSR*)
o
N

0.3_ / L
0.2- “ ¢ / I
] " r
0.1 i
" [
i NoLi jon [
0 20 40 6 8 100 120 140 160 180 20
aINcs

Location : Fondo Consolata

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method
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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
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Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT basic interpretation plots
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A SBT | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes egen
Points to test: Based on Ic value Ic cut-off value: 2.53 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,;:  6.14 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only : : ] : :
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CPT basic interpretation plots (normalized)
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Input parameters and analysis data
Analysis method: B&I (2014)
Fines correction method: B&I (2014)
Points to test: Based on Ic value

Earthquake magnitude M,;:  6.14
Peak ground acceleration: 0.24
Depth to water table (insitu): 2.48 m
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Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance
osd — DA
q 4
I
15 —
2
25
3 /J?
35
4 \\1
45 (
5 e
55 C
6
65
>
7.5
§ 2
85
~ 9
Eos
s
8 11 2>
15 /:
12 <
125 —_—
5 S
135
14 (\
145 >
15 /’
155
16
165
17 1)
17.5
B
185 )
19 S
195177
20
0 20 0 4
N
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.):  1.00 m
Fines correction method: B&I (2014) Average results interval: 3
Points to test: Based on Ic value Ic cut-off value: 2.53
Earthquake magnitude M,;:  6.14 Unit weight calculation: ~ Based on SBT
Peak ground acceleration: 0.24 Use fill: No
Depth to water table (insitu): 2.48 m Fill height: N/A
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Transition detect. applied:  Yes
K, applied: Yes
Clay like behavior applied: ~ Sands only
Limit depth applied: No
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This software is licensed to: Geo Group SRL CPT name: CPT-01

Liquefaction analysis summary plots
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.53 K, applied: Yes
Earthquake magnitude M,;:  6.14 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.24 Use fill: No Limit depth applied: No
Depth to water table (insitu): 2.48 m Fill height: N/A Limit depth: N/A
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GEOLOGIA E AMBIENTE

Geo Group S.r.l.

v. per Modena, 12- Castelnuovo Rangone (MO)
059 3967169
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LIQUEFACTION ANALYSIS REPORT

Project title : Studio del terreno di fondazione

CPT file : CPT-02

Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 240 m Use fill: No
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60 Trans. detect. applied: Yes
Peak ground acceleration:  0.24 Unit weight calculation: ~ Based on SBT K, applied: Yes
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Location : Fondo Consolata

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method

FSPiot

0 05 1 15 2
Factor of sofety

Summary of liquefaction potential

1
Normralized fridtion retio (%)
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,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: Geo Group SRL CPT name: CPT-02

CPT basic interpretation plots
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a (MPa) Rf (%) u(Pa) BT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A SBT | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes 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,;:  6.14 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only : : ] : :
Peak ground acceleration:  0.24 Use fill: No Limit depth applied: No [ 2. Organic material [ 5 Sitty sand to sandy sitt [ 8. Very stiff sand to
Depth to water table (insitu): 2.40 m 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: Geo Group SRL CPT name: CPT-02

CPT basic interpretation plots (normalized)
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Qn Fr (% B BIh (Robertson 1990)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A SBTn | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes 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,;:  6.14 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only : : ] : :
Peak ground acceleration:  0.24 Use fill: No Limit depth applied: No [ 2 Organic r.naterlal [ 5. Sitty sand to saTldy sit. [ 8. Very St!ff sand to.
Depth to water table (insitu): 2.40 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: Geo Group SRL CPT name: CPT-02

Liquefaction analysis overall plots (intermediate results)

Norm. cone resistance Apparent fines content "Fines" adjustment Corrected norm. cone resistance
s HANBASSER— 05 HADASGR 05 HANDAS = HADASGR
1 \> 1 - 1 T
N
15 — 15 15 15 ——
N X z 1
25 — 25 25 25
3 /{ 3 ) 3 3 /r
35 35 35 35
o B . 4 1N
4 \ 4 4 4 \
45 ] 45 4.5 45 )
5 5 5 5 5 )
55 << 55 5.5 55 S
6 6 6 6 {
6.5 6.5 65 6.5
7 \\> 7 7 7 \?
7.5 7.5 7.5 7.5 ,
8 8 8 8 {
85 9 85 85 85
~ 9 —~ 9 ~ 9 —~ 9
Eos Eos E o5 Eos
/
J453&101(5) J4f§'=101(5) 7 J‘*=5L1(115 J453&101(5)
8y LN 81 ( Sy 81 >
< L\ <
11.5 _— 11.5 ) 115 11.5
12 5 12 ( 12 12 —
125 — 125 N 125 125 (’
13 13 13 13 J
135 P, 135 B35 135 /
14 14 14 14 \
145 145 145 145 7
15 15 15 15 (
155 { 15,5 155 15,5 |
16 ( 16 16 16
165 ? 16,5 165 16,5
17 ) 17 17 17
17.5 17.5 17.5 17.5
18 18 18 18 \
185 ( 185 185 1851)
19 \ 19 1 19
19.5 ( 19.5 195 19.5
m m T T T T T T T T T T T T T T m T T T T
20 40 60 0 0 50 100 15 20 012345678910 0 50 100 15 20
oIN FC(%) DettacIN NG
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.14 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.24 Use fill: No Limit depth applied: No
Depth to water table (insitu): 2.40 m Fill height: N/A Limit depth: N/A
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This software is licensed to: Geo Group SRL CPT name: CPT-02

Liquefaction analysis overall plots
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Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A Bl Aimost certain it will liquefy [ Very high risk
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes . Very likely to liquefy [] High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i 1ty likel .
Earthquake magnitude M,;:  6.14 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e ac |o.n and no liq. are equally fikely D Low risk
Peak ground acceleration:  0.24 Use fill: No Limit depth applied: No [ unlike to liquefy
Depth to water table (insitu): 2.40 m Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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This software is licensed to: Geo Group SRL CPT name: CPT-02

Liquefaction analysis summary plots
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Normralized friction ratio (%) cINGs
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.14 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.24 Use fill: No Limit depth applied: No
Depth to water table (insitu): 2.40 m Fill height: N/A Limit depth: N/A
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Geo Group S.r.l.

® GROUP

GEOLOGIA E AMBIENTE

059 3967169
info@geogroupmodena.it

v. per Modena, 12- Castelnuovo Rangone (MO)

LIQUEFACTION ANALYSIS REPORT

Project title : Studio del terreno di fondazione
CPT file : CPT-03
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 3.00 m
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m
Points to test: Based on Ic value  Average results interval: 3
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.60
Peak ground acceleration:  0.24 Unit weight calculation: ~ Based on SBT
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Location : Fondo Consolata

Use fill: No Clay like behavior
Fill height: N/A applied: Sands only
Fill weight: N/A Limit depth applied: No
Trans. detect. applied: Yes Limit depth: N/A
K, applied: Yes MSF method: Method
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Summary of liquefaction potential
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Normalized CPT penetration resistance
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o1 r Normvalized friction rattio (%)
:.——"’/ : Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
1 No Li - N Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
1 geometry

L L L L I R L L L I Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 49 6 8 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
qc]Ncs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: Geo Group SRL

CPT name: CPT-03

CPT basic interpretation plots
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a (MPa) Rf (%) u(Pa) BT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes 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,;:  6.14 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only : : ] : :
Peak ground acceleration:  0.24 Use fill: No Limit depth applied: No [ 2. Organic material [ 5 Sitty sand to sandy sitt [ 8. Very stiff sand to
Depth to water table (insitu): 3.00 m Fill height: N/A Limit depth: N/A B 3. Clay tosilty clay [0 6. Clean sand to silty sand [] 9. Very stiff fine grained
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This software is licensed to: Geo Group SRL

CPT name: CPT-03

CPT
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthq.):
Fines correction method: B&I (2014) Average results interval:

Points to test:
Earthquake magnitude M,,:

Based on Ic value
6.14

Peak ground acceleration: 0.24
Depth to water table (insitu): 3.00 m

Ic cut-off value:

Unit weight calculation:
Use fill:

Fill height:

basic interpretation plots (normalized)

Nom pore pressure ratio
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Fill weight:

Transition detect. applied:
K, applied:

Clay like behavior applied:
Limit depth applied:

Limit depth:
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Sands only
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SBTnPlot

Norm. Sail Behaviour Type
|
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BIh (Robertson 1990)

2 3
Tc (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: Geo Group SRL

CPT name: CPT-03

Norm cone resistance

Liquefaction analysis overall plots (intermediate results)

SBTn Index
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:

] 30 40 50
@IN

Earthquake magnitude M,;:  6.14
Peak ground acceleration: 0.24

Depth to water table (insitu): 3.00 m

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

2 3
Ic (Robertson 1990)

Depth to GWT (erthq.):
Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:
Fill height:

"Fines" adjustment
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Transition detect. applied:  Yes
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Liquefaction analysis overall plots

RRplot LPL Vertical settiements Lateral displacements
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RR&CR Liquefaction potential Settlenent (av) Lo
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy I Very high risk
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes . Very likely to liquefy |:| High risk
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes Liquefacti i 1ty likel .
Earthquake magnitude M,;:  6.14 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e ac |o.n and no lig. are equally fikely D Low risk
Peak ground acceleration: ~ 0.24 Use fill: No Limit depth applied: No [ uniike 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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Liquefaction analysis summary plots
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Normralized friction ratio (%) cINGs Thideess of sufacelayer, HL (M)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.60 K, applied: Yes
Earthquake magnitude M,;:  6.14 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.24 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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Geo Group S.r.l.

v. per Modena, 12- Castelnuovo Rangone (MO)
. G ROU P 059 3967169

GEOLOGIAEAMBIENTE - ja6o @geogroupmodena.it

LIQUEFACTION ANALYSIS REPORT

Project title : Studio del terreno di fondazione Location : Fondo Consolata
CPT file : CPT-04
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 3.00m Use fill: No Clay like behavior
Fines correction method: B&I (2014) G.W.T. (earthq.): 1.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,,: 6.14 Ic cut-off value: 2.40 Trans. detect. applied: Yes Limit depth: N/A
Peak ground acceleration:  0.24 Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method
: ! 3 05| HNDAGR
15 15 < 1
5 \ 5 N ring earthq.
2 ) 2 ) 15
25 ( 25 / 2
3 ) 3 25
35 35 3
4 4 35
45 \( 45 < 4
5 ) 5 , 4.5
55 55 { 5
6 6 N 55
6.5 6.5 o
—_ 7 \ 7 6.5
Es N 75 7
S q ) Q 7.5
a ° S ) Q
[0) (o)
a &g &: 85
) 9
95 95 95
10 10 | o |
10.5 / 10.5 / 105
1 11 \ 11
11.5 11.5 \\ 115
12 ) 12 12
125 ( 125 12.5
13 13 \ 13
135 135 I 135
14 ( 14 ( 14
145 145 145
E \ 15 T T )I T T 15 T T T
o 1 2 3 0 2 4 6 810 0 02 04 06 0 05 1 15 2
ot (MPa) Rf (%) RR&CR Fadtor 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
1 No Li - N Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
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L L L L I R L L L I Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 49 6 8 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
qc]Ncs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPT-04

CPT basic interpretation plots
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Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.): 1.00 m Fill weight: N/A SBT | d
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes egen
Points to test: Based on Ic value Ic cut-off value: 2.40 K, applied: Yes [l 1 Sensitive fine grained [Ql] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,;:  6.14 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only : : ] : :
Peak ground acceleration:  0.24 Use fill: No Limit depth applied: No [ 2. Organic material [ 5 Sitty sand to sandy sitt [ 8. Very stiff sand to
Depth to water table (insitu): 3.00 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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CPT name: CPT-04

CPT
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:

B&I (2014)

B&I (2014)
Based on Ic value
6.14

0.24

Depth to water table (insitu): 3.00 m

Depth to GWT (erthq.):

Average results interval:
Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

Nom pore pressure ratio
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Fill weight:

Transition detect. applied:
K, applied:

Clay like behavior applied:
Limit depth applied:

Limit depth:

N/A
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Sands only
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basic interpretation plots (normalized)

SBTnPlot

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

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

[] 7. Gravely sand to sand

[ 8. Very stiff sand to

CLiqg v.2.2.0.28 - CPT Liquefaction Assessment Software - Report created on: 26/09/2022, 10:25:07
Project file: O:\Masterizzare2\2020\Rif.706_20-Nonantola FONDO CONSOLATA piano particolareggiato GEOLOGICA\INTEGRAZIONE GIUGNO 2022\LIQ\LIQ_CPT\liq_cpt.clq

26



This software is licensed to: Geo Group SRL

CPT name: CPT-04
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude M,;:  6.14
Peak ground acceleration: 0.24

Depth to water table (insitu): 3.00 m

2 3
Ic (Robertson 1990)

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

Depth to GWT (erthq.):
Average results interval:

Unit weight calculation:

Liquefaction analysis overall plots (intermediate results)
Apparent fines content

"Fines" adjustment
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Fill weight: N/A
Transition detect. applied:  Yes
K, applied: Yes
Clay like behavior applied: ~ Sands only
Limit depth applied: No
Limit depth: N/A
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Corrected norm cone resistance
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Liquefaction analysis overall plots

RRplot LPL Vertical settiements Lateral displacements
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RR&CR Liquefaction potential Settlenent (av) Lo
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A B Aimost certain it will liquefy [ Very high risk
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes . Very likely to liquefy [] High risk
Points to test: Based on Ic value Ic cut-off value: 2.40 K, applied: Yes Liquefacti i 1ty likel .
Earthquake magnitude M,;:  6.14 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only D |qL.|e ac |o.n and no lig. are equally likely D Low risk
Peak ground acceleration:  0.24 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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Liquefaction analysis summary plots
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Normralized friction ratio (%) cINGs Thideess of sufacelayer, HL (M)
Input parameters and analysis data
Analysis method: B&I (2014) Depth to GWT (erthg.):  1.00 m Fill weight: N/A
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:  Yes
Points to test: Based on Ic value Ic cut-off value: 2.40 K, applied: Yes
Earthquake magnitude M,;:  6.14 Unit weight calculation: ~ Based on SBT Clay like behavior applied: ~ Sands only
Peak ground acceleration: 0.24 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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