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Piano Attuativo Montacchiello, Pisa - Relazione geologica - Marzo 2018 - Dott.Geol.Giorgio Della Croce    
 Estratto carta IGMI 1:25.000 - Fonte: Geoportale Nazionale     
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Piano Attuativo Montacchiello, Pisa - Relazione geologica - Marzo 2018 - Dott.Geol.Giorgio Della Croce       
 Estratto CTR scala 1:10.000 - Fonte: Regione Toscana    
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Piano Attuativo Montacchiello, Pisa - Relazione geologica - Marzo 2018 - Dott.Geol.Giorgio Della Croce 

 Stato attuale - Immagine da Google Earth - Ripresa del 11/03/2017 Individuazione delle aree.  LEGENDA  M 1 - Ex Montacchiello 1 M 2 - Ex Montacchiello 2 N 3 - Ex Montacchiello 3     
NM 1 NM 2 NM 3 
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Piano Attuativo Montacchiello, Pisa - Relazione geologica - Marzo 2018 - Dott.Geol.Giorgio Della Croce  
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TAVOLA GEOLOGICA
  

TAVOLA IDROGEOLOGICA
  

TAVOLA LITOTECNICA 
 TAVOLA DELLE AREE ALLAGABILI

  
 

    
  __________________________________________________________________    COMUNE DI PISA  PIANO ATTUATIVO MONTACCHIELLO 2018  DELL AREA DI SVILUPPO IN   RELAZIONE GEOLOGICA PIANO STRUTTURALE - STRALCI DEGLI ELABORATI CARTOGRAFICI  FORTI HOLDING SPA   Marzo 2018 - Dott.Geol. Giorgio Della Croce  Riproduzione cartacea del documento amministrativo informatico del Comune di Pisa firmato digitalmente da
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CARTA DELLA PERICOLOSITA DA ALLUVIONI FLUVIALI 
  

CARTA DEL RISCHIO DA ALLUVIONI FLUVIALI 
     COMUNE DI PISA  PIANO ATTUATIVO MONTACCHIELLO 2018  DELL AREA DI SVILUPPO POSTA    RELAZIONE GEOLOGICA  DISTRETTO APPENNINO SETTENTRIONALE - PIANO DI BACINO DEL FIUME ARNO. PIANO DI GESTIONE DEL RISCHIO ALLUVIONI - ELABORATI CARTOGRAFICI.  FORTI HOLDING SPA   Marzo 2018 - Dott.Geol. Giorgio Della Croce  
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    INDAGINE DI RIFERIMENTO AREA MONTACCHIELLO 2 
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Laboratorio ALGI n° 37   

norma di riferimento: Raccomandazioni AGI 1977

deviazioni dalla norma: nessuna

verbale di accettazione n° 016/12 del 25/01/2012

certificato di prova n° 0143/12 del 02/01/2012

Comm.te: Impresa Forti Spa

Località: Loc. Montacchiello, Pisa

prova n° CPT 1

penetrometro: statico RMU 190 kN, autoancorante

sistema di ancoraggio: elicoidi diam.220 mm - prof. circa 0,9 m da piano di campagna

sistema di misura: cella di carico di sommità NBC elettronica con visualizzatore Pagani - risoluz. 98 N

punta: meccanica tipo Begemann con manicotto di attrito

diametro 3.75 cm

area punta 10 cm
2

angolo di apertura 60 °

area manicotto 150 cm
2

peso aste interne: 13,5 N/m

passo di lettura: 0,2 m

data di esecuzione: 25/01/2012 prof. inizio prova (m): 0 da p.c.

prof. fine prova (m): 21.80 da p.c.

totale metri prova: 21.8

livello di falda (m): 3.00 da p.c.

0.20 0.00 0.00 0.00 0.0 0.0

0.40 0.00 2.26 0.00 91.5 0.0

0.60 0.88 1.96 0.88 65.4 13.5

0.80 0.98 2.26 0.98 71.9 13.6

1.00 1.18 2.55 1.18 71.9 16.4

1.20 1.47 3.53 1.47 78.5 18.8

www.ichnogeo.it

DATI DI PROVA

Resistenza alla 

punta - q c 

(MPa)

q c /f s note

PROVA PENETROMETRICA STATICA CPT

CARATTERISTICHE DEL SISTEMA

profondità base 

strato da p.c. 

(m)

Attrito laterale 

unitario - f s 

(kPa)punta

A ssociazione 

L aboratori 

G eotecnici     

I taliani56028 San Miniato Basso

tel 0571/43213  fax 0571/403063

P.IVA 01266480506

Ministero delle Infrastrutture e dei Trasporti

Laboratorio Geotecnico

prove sui terreni e in situ

decreto n° 54814 del 28/04/2006

    Ichnogeo sas

punta + 

manicotto

Forza assiale (kN)

certificato di prova n° 0143/12

pagina 1  di 6

il Direttore di laboratorio

Dott. Geol. Roberto Chetoni lo sperimentatore
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1.40 2.35 4.41 2.35 130.8 18.0

1.60 2.45 2.06 2.45 104.6 23.4

1.80 0.49 2.35 0.49 58.8 8.3

2.00 1.47 1.96 1.47 52.3 28.1

2.20 1.18 2.75 1.18 111.1 10.6

2.40 1.08 2.75 1.08 104.6 10.3

2.60 1.18 2.75 1.18 117.7 10.0

2.80 0.98 1.67 0.98 78.5 12.5

3.00 0.49 1.37 0.49 65.4 7.5

3.20 0.39 0.88 0.39 39.2 10.0

3.40 0.29 0.69 0.29 32.7 9.0

3.60 0.20 0.59 0.20 26.2 7.5

3.80 0.20 0.49 0.20 26.2 7.5

4.00 0.10 0.98 0.10 19.6 5.0

4.20 0.69 0.98 0.69 45.8 15.0

4.40 0.29 1.08 0.29 26.2 11.3

4.60 0.69 1.47 0.69 39.2 17.5

4.80 0.88 1.67 0.88 32.7 27.0

5.00 1.18 2.06 1.18 52.3 22.5

5.20 1.27 2.45 1.27 52.3 24.4

5.40 1.67 3.73 1.67 65.4 25.5

5.60 2.75 5.39 2.75 85.0 32.3

5.80 4.12 6.86 4.12 163.4 25.2

6.00 4.41 9.51 4.41 281.1 15.7

6.20 5.30 8.73 5.30 241.9 21.9

6.40 5.10 6.47 5.10 189.6 26.9

6.60 3.63 5.10 3.63 130.8 27.8

6.80 3.14 4.22 3.14 91.5 34.3

7.00 2.84 4.51 2.84 91.5 31.1

7.20 3.14 5.79 3.14 124.2 25.3

7.40 3.92 6.37 3.92 222.3 17.6

7.60 3.04 6.47 3.04 176.5 17.2

7.80 3.82 8.14 3.82 209.2 18.3

8.00 5.00 8.24 5.00 228.8 21.9

8.20 4.81 9.61 4.81 196.1 24.5

8.40 6.67 6.77 6.67 235.4 28.3

8.60 3.24 6.67 3.24 228.8 14.1

8.80 3.24 6.28 3.24 189.6 17.1

9.00 3.43 5.49 3.43 170.0 20.2

9.20 2.94 4.81 2.94 130.8 22.5

9.40 2.84 4.71 2.84 137.3 20.7

9.60 2.65 5.30 2.65 130.8 20.3

note
profondità da 

p.c. (m)
q c /f s

Attrito laterale 

unitario - f s 

(kPa)

Resistenza alla 

punta - q c 

(MPa)

punta + 

manicotto

Forza assiale (kN)

punta

certificato di prova n° 0143/12
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il Direttore di laboratorio

Dott. Geol. Roberto Chetoni lo sperimentatore
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9.60 2.65 5.30 2.65 130.8 20.3

9.80 3.33 7.26 3.33 183.1 18.2

10.00 4.51 5.49 4.51 176.5 25.6

10.20 2.84 7.26 2.84 150.4 18.9

10.40 5.00 7.45 5.00 196.1 25.5

10.60 4.51 7.85 4.51 196.1 23.0

10.80 4.90 7.06 4.90 222.3 22.1

11.00 3.73 6.18 3.73 117.7 31.7

11.20 4.41 3.82 4.41 111.1 39.7

11.40 2.16 4.02 2.16 111.1 19.4

11.60 2.35 3.92 2.35 124.2 18.9

11.80 2.06 4.51 2.06 124.2 16.6

12.00 2.65 5.79 2.65 150.4 17.6

12.20 3.53 7.55 3.53 215.7 16.4

12.40 4.31 7.55 4.31 196.1 22.0

12.60 4.61 9.22 4.61 248.4 18.6

12.80 5.49 5.79 5.49 189.6 29.0

13.00 2.94 7.06 2.94 202.7 14.5

13.20 4.02 7.85 4.02 176.5 22.8

13.40 5.20 7.26 5.20 189.6 27.4

13.60 4.41 7.55 4.41 222.3 19.9

13.80 4.22 6.86 4.22 209.2 20.2

14.00 3.73 5.59 3.73 170.0 21.9

14.20 3.04 4.81 3.04 163.4 18.6

14.40 2.35 3.14 2.35 85.0 27.7

14.60 1.86 3.82 1.86 104.6 17.8

14.80 2.26 4.61 2.26 150.4 15.0

15.00 2.35 5.79 2.35 163.4 14.4

15.20 3.33 5.10 3.33 137.3 24.3

15.40 3.04 4.22 3.04 130.8 23.3

15.60 2.26 3.92 2.26 137.3 16.4

15.80 1.86 4.02 1.86 143.8 13.0

16.00 1.86 4.12 1.86 176.5 10.6

16.20 1.47 4.51 1.47 163.4 9.0

16.40 2.06 10.40 2.06 130.8 15.8

16.60 8.43 8.92 8.43 202.7 64.5

16.80 5.88 11.96 5.88 300.7 29.0

17.00 7.45 13.44 7.45 281.1 26.5

17.20 9.22 16.18 9.22 215.7 42.7

17.40 12.94 14.91 12.94 457.6 28.3

17.60 8.04 12.55 8.04 98.1 82.0

17.80 11.08 13.63 11.08 320.4 34.6

18.00 8.83 11.87 8.83 464.2 19.0

18.20 4.90 8.24 4.90 202.7 24.2

18.40 5.20 9.41 5.20 353.0 14.7

18.60 4.12 6.86 4.12 228.8 18.0

18.80 3.43 4.02 3.43 117.7 29.2

19.00 2.26 3.14 2.26 91.5 24.6

profondità da 

p.c. (m)

Forza assiale (kN)
Resistenza alla 

punta - q c 

(MPa)

Attrito laterale 

unitario - f s 

(kPa)

q c /f s note
punta

punta + 

manicotto

certificato di prova n° 0143/12

pagina 3  di 6

il Direttore di laboratorio

Dott. Geol. Roberto Chetoni lo sperimentatore
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19.20 1.77 2.55 1.77 58.8 30.0

19.40 1.67 2.45 1.67 52.3 31.9

19.60 1.67 4.51 1.67 183.1 9.1

19.80 1.77 2.94 1.77 85.0 20.8

20.00 1.67 6.37 1.67 85.0 19.6

20.20 5.10 11.47 5.10 307.3 16.6

20.40 6.86 17.85 6.86 313.8 21.9

20.60 13.14 16.28 13.14 163.4 80.4

20.80 13.83 5.98 13.83 170.0 81.3

21.00 3.43 4.02 3.43 143.8 23.9

21.20 1.86 6.67 1.86 176.5 10.6

21.40 4.02 8.92 4.02 98.1 41.0
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ANALISI SISMICA DOWN-HOLE 

 

Montacchiello 2012 - Forti Spa - Marzo 2012 

 

DISTANZA DELLO SPARO DA BOCCA FORO 

Distanza =   3.00 [m] 

 

PRIMI ARRIVI 

N° 

Geof. 

Profondità 

[m] 

Onde P 

[ms] 

Onde S 

(X) [ms] 

Onde S 

(Y) [ms] 

Onde P 

(corretti) 

[ms] 

Onde S (X) 

(corretti) [ms] 

Onde S (Y) 

(corretti) [ms] 

1 1.00 9.33 23.58 22.70 2.95 7.46 7.18 

2 2.00 9.56 24.96 24.96 5.30 13.85 13.85 

3 3.00 9.79 28.42 27.07 6.92 20.09 19.14 

4 4.00 10.08 34.06 33.62 8.06 27.24 26.90 

5 5.00 10.25 43.23 39.30 8.79 37.07 33.70 

6 6.00 10.43 47.59 43.23 9.33 42.57 38.66 

7 7.00 10.62 51.52 47.15 9.76 47.36 43.34 

8 8.00 10.88 54.14 53.27 10.19 50.69 49.88 

9 9.00 11.52 58.51 58.51 10.93 55.50 55.50 

10 10.00 11.90 63.36 62.00 11.40 60.69 59.39 

11 11.00 12.54 66.80 66.37 12.10 64.45 64.03 

12 12.00 12.93 71.17 70.73 12.54 69.04 68.62 

13 13.00 13.57 75.53 75.10 13.22 73.60 73.18 

14 14.00 14.08 79.46 79.90 13.77 77.70 78.13 

15 15.00 14.59 83.39 84.27 14.31 81.77 82.63 

16 16.00 15.36 88.63 88.63 15.10 87.12 87.12 

17 17.00 16.13 91.69 91.25 15.88 90.29 89.86 

18 18.00 16.64 94.75 95.18 16.41 93.46 93.89 

19 19.00 17.02 98.68 98.68 16.82 97.47 97.47 

20 20.00 17.66 103.48 103.48 17.47 102.33 102.33 

21 21.00 18.54 107.84 108.28 18.35 106.76 107.19 

22 22.00 19.06 110.03 110.46 18.89 109.02 109.45 

23 23.00 19.58 113.52 113.08 19.42 112.57 112.13 

24 24.00 20.34 117.45 117.89 20.18 116.54 116.98 

25 25.00 21.25 120.07 120.94 21.10 119.21 120.08 

26 26.00 21.89 125.31 124.87 21.74 124.48 124.05 

27 27.00 22.40 127.06 127.06 22.26 126.28 126.28 

28 28.00 23.04 132.73 130.99 22.91 131.98 130.24 

29 29.00 23.42 136.66 133.61 23.30 135.94 132.90 

30 30.00 24.19 138.41 137.10 24.07 137.72 136.42 

31 31.00 24.45 140.59 140.15 24.33 139.94 139.50 

32 32.00 25.09 143.65 144.08 24.98 143.02 143.45 

33 33.00 25.73 146.70 147.58 25.62 146.10 146.97 

34 34.00 26.50 150.20 149.76 26.39 149.62 149.18 
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VELOCITA' ONDE P 

Strato Profondità [m] Velocità [m/s] 

1 3 416 

2 5 1429 

3 17 1692 

4 34 1579 

 

PARAMETRI ONDE SX 

Strato Profondità [m] Velocità [m/s] Poisson [-] Shear [kPa] Young 

[kPa] 

Bulk 

[kPa] 

1 6 141 0.40 39762.0 111333 185555 

2 16 226 0.48 102152.. 302369 2519740 

3 29 268 0.48 143648.. 425198 3543314 

4 34 363 0.45 263538.. 764260 2547532 

 

PARAMETRI ONDE SY 

Strato Profondità [m] Velocità [m/s] Poisson [-] Shear [kPa] Young 

[kPa] 

Bulk 

[kPa] 

1 5 149 0.39 44402.0 123437 187025 

2 12 190 0.48 72200.0 213711 1780924 

3 28 263 0.48 138338.. 409480 3412331 

4 34 335 0.46 224450.. 655394 2730808 

 

VELOCITA' MEDIE VS30 

Geofono VS30 [m/s] 

orizzontale Sx 217.3 

orizzontale Sy 218.6 
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Project: FORTI SPA GEOSERVIZI  SNCVia U. Foscolo, 14- Ghezzano - PITel 050 878470 geoservizipisa@gmail.com Total depth: 27.31 m, Date: 30/07/2012Surface Elevation: 0.00 mPISA -MONTACCHIELLO Coords: X:0.00, Y:0.00Cone Type: GEOTECHCone Operator: CPT: CPTU 1 Location:Cone resistance
Tip resistance (MPa)151050

Depth (m)

27262524232221201918171615141312111098765432 Cone resistance Pore pressure
Pressure (kPa)1,5001,0005000

Depth (m)
272625242322212019181716151413121110987654321 Pore pressureSleeve friction

Friction (kPa) 4003002001000
Depth (m)

27262524232221201918171615141312111098765432 Sleeve friction
Cross correlation between qc & fs 20181614121086420-2-4-6-8-10-12-14-16-18-20 1.210.80.60.40.20-0.2-0.4-0.6-0.8-1

0Cross correlation between qc & fsThe plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lagdistance (one lag is the distance between two sucessive CPT measurements).
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Project: FORTI SPA GEOSERVIZI  SNCVia U. Foscolo, 14- Ghezzano - PITel 050 878470 geoservizipisa@gmail.com Total depth: 27.31 m, Date: 30/07/2012Surface Elevation: 0.00 mPISA -MONTACCHIELLO Coords: X:0.00, Y:0.00Cone Type: GEOTECHCone Operator: CPT: CPTU 1 Location: SBT plot
Friction Ratio, Rf (%)0.1 1 10Cone resistance, qc/pa 1101001,000 SBT plot Bq plot

Pore pressure ratio, Bq 1.401.201.000 .800 .600.400.200 .00-0 .20Corrected cone resistance, qt 0.11
10100 Bq plotSBT - Bq plots

SBT legend1. Sensitive fine grained2. Organic material3. Clay to silty clay 4. Clayey silt to silty clay5. Silty sand to sandy silt6. Clean sand to silty sand 7. Gravely sand to sand8. Very stiff sand to clayey sand9. Very stiff fine grainedCPeT-IT v.1.7.4.11 - CPTU data presentation & interpretation software - Report created on: 30/07/2012, 23.00.27 2Project file: Riproduzione cartacea del documento amministrativo informatico del Comune di Pisa firmato digitalmente da
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Project: FORTI SPA GEOSERVIZI  SNCVia U. Foscolo, 14- Ghezzano - PITel 050 878470 geoservizipisa@gmail.comPISA -MONTACCHIELLOLocation: Total depth: 27.31 m, Date: 30/07/2012Surface Elevation: 0.00 mCoords: X:0.00, Y:0.00Cone Type: GEOTECHCone Operator: CPT: CPTU 1 SBTn plot
Normalized Friction Ratio, Fr (%)0.1 1 10Normalized Cone Resistance, Qtn 1101001,000 SBTn plot Normalized Bq plot

Pore pressure ratio, Bq 1.401.201.000 .800 .600.400 .200.00-0 .20-0 .40-0.60Normalized cone resistance, Qtn 1101001,000 Normalized Bq plot
SBTn legend1. Sensitive fine grained2. Organic material3. Clay to silty clay 4. Clayey silt to silty clay5. Silty sand to sandy silt6. Clean sand to silty sand 7. Gravely sand to sand8. Very stiff sand to clayey sand9. Very stiff fine grained

SBT - Bq plots (normalized)
CPeT-IT v.1.7.4.11 - CPTU data presentation & interpretation software - Report created on: 30/07/2012, 23.00.27 3Project file: Riproduzione cartacea del documento amministrativo informatico del Comune di Pisa firmato digitalmente da

 FRANCHINI DARIO il 04/06/2018 14:15:34
 GHEZZI PAOLO il 11/06/2018 08:54:36
 VENTURI MARZIA il 08/06/2018 12:27:12 ai sensi e per gli effetti di cui all'articolo 23ter del decreto legislativo n. 82 del 7 marzo 2005 - Codice Amministrazione Digitale
Delibera: 2018 / 128 del 07/06/2018



Project: FORTI SPA GEOSERVIZI  SNCVia U. Foscolo, 14- Ghezzano - PITel 050 878470 geoservizipisa@gmail.com Total depth: 27.31 m, Date: 30/07/2012Surface Elevation: 0.00 mPISA -MONTACCHIELLO Coords: X:0.00, Y:0.00Cone Type: GEOTECHCone Operator: CPT: CPTU 1 Location: Schneider et al (2008) Soil Class.
Du2/sig'v 109876543210-1-2

Q = qcnet/sig'v 1101001,000 Schneider et al (2008) Soil Class.
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Q = qcnet/sig'v 1101001,000 Schneider et al (2008) Soil Class.
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Project: FORTI SPA GEOSERVIZI  SNCVia U. Foscolo, 14- Ghezzano - PITel 050 878470 geoservizipisa@gmail.com Total depth: 27.31 m, Date: 30/07/2012Surface Elevation: 0.00 mPISA -MONTACCHIELLO Coords: X:0.00, Y:0.00Cone Type: GEOTECHCone Operator: CPT: CPTU 1 Location: Norm. Soil Behaviour Type

SBTn (Robertson 1990) 181614121086420

Depth (m)

27262524232221201918171615141312111098765432
Norm. Soil Behaviour Type

Silty sand & sandy silt
Clay

Clay

Organic soil
Organic soil
Organic soil
Clay
Clay
Clay
Clay

Clay

Clay & silty clay
Clay
Clay
Clay

Clay

Clay & silty clay

Clay

Clay

Organic soil
Clay

Clay

Organic soil
Clay
Silty sand & sandy silt

Clay & silty clay

Clay & silty clay

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

Clay & silty clay

Clay
Clay & silty clay

Clay

Clay
Clay & silty clay
Organic soil

Clay & silty clay
Clay
Clay & silty clay
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Project: FORTI SPA GEOSERVIZI  SNCVia U. Foscolo, 14- Ghezzano - PITel 050 878470 geoservizipisa@gmail.com Total depth: 27.31 m, Date: 30/07/2012Surface Elevation: 0.00 mPISA -MONTACCHIELLO Coords: X:0.00, Y:0.00Cone Type: GEOTECHCone Operator: CPT: CPTU 1 Location:Cone resistance qt
Tip resistance (MPa)15105

Depth (m)

27262524232221201918171615141312111098765432 Cone resistance qt Pore pressure u
Pressure (kPa)1,5001,0005000

Depth (m)
272625242322212019181716151413121110987654321 Pore pressure uFriction ratio

Rf (%) 1086420
Depth (m)

27262524232221201918171615141312111098765432 Friction ratio SBT Index
I(SBT) 4321

Depth (m)
27262524232221201918171615141312111098765432 SBT Index Soil Behaviour Type

SBT (Robertson et al, 1986) 181614121086420
Depth (m)

27262524232221201918171615141312111098765432 Soil Behaviour Type
Clay  & silty  clay

Clay
Organic soil

Organic soil
Clay
Organic soil

Sensitiv e f ine grained
Clay
Clay

Clay

Clay  & silty  clay
Clay
Clay
Clay  & silty  clay

Very  dense/stif f  soil

Clay

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

Clay

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

Sand & silty  sand
Clay
Clay  & silty  clay
Clay
Clay
Clay  & silty  clay
Silty  sand & sandy  silt
Clay
Clay  & silty  clay
Clay  & silty  clay
Silty  sand & sandy  siltSBT legend1. Sensitive fine grained2. Organic material3. Clay to silty clay 4. Clayey silt to silty clay5. Silty sand to sandy silt6. Clean sand to silty sand 7. Gravely sand to sand8. Very stiff sand to clayey sand9. Very stiff fine grainedCPeT-IT v.1.7.4.11 - CPTU data presentation & interpretation software - Report created on: 30/07/2012, 23.00.28 6Project file: Riproduzione cartacea del documento amministrativo informatico del Comune di Pisa firmato digitalmente da
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Project: FORTI SPA GEOSERVIZI  SNCVia U. Foscolo, 14- Ghezzano - PITel 050 878470 geoservizipisa@gmail.com Total depth: 27.31 m, Date: 30/07/2012Surface Elevation: 0.00 mPISA -MONTACCHIELLO Coords: X:0.00, Y:0.00Cone Type: GEOTECHCone Operator: CPT: CPTU 1 Location:Norm. cone resistance
Qt1N 200150100500

Depth (m)

27262524232221201918171615141312111098765432 Norm. cone resistance Norm. pore pressure ratio
Bq 10.80 .60.40.20-0 .2

Depth (m)
27262524232221201918171615141312111098765432Norm. pore pressure ratioNorm. friction ratio

Fr (%) 1086420
Depth (m)

27262524232221201918171615141312111098765432 Norm. friction ratio SBTn Index
Ic 4321

Depth (m)
27262524232221201918171615141312111098765432 SBTn Index Norm. Soil Behaviour Type

SBTn (Robertson 1990) 181614121086420
Depth (m)

27262524232221201918171615141312111098765432 Norm. Soil Behaviour Type
Silty  sand & sandy  silt

Clay  & silty  clay

Clay

Organic soil
Organic soil

Clay
Clay

Clay

Clay

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

Clay

Clay  & silty  clay

Clay

Clay

Organic soil
Clay

Clay
Organic soil

Silty  sand & sandy  silt

Clay  & silty  clay
Clay  & silty  clay

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

Clay  & silty  clay

Clay
Clay

Clay  & silty  clay
Clay
Clay
Clay
Clay  & silty  clay
Clay  & silty  claySBTn legend1. Sensitive fine grained2. Organic material3. Clay to silty clay 4. Clayey silt to silty clay5. Silty sand to sandy silt6. Clean sand to silty sand 7. Gravely sand to sand8. Very stiff sand to clayey sand9. Very stiff fine grainedCPeT-IT v.1.7.4.11 - CPTU data presentation & interpretation software - Report created on: 30/07/2012, 23.00.28 7Project file: Riproduzione cartacea del documento amministrativo informatico del Comune di Pisa firmato digitalmente da
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Project: FORTI SPA GEOSERVIZI  SNCVia U. Foscolo, 14- Ghezzano - PITel 050 878470 geoservizipisa@gmail.com Total depth: 27.31 m, Date: 30/07/2012Surface Elevation: 0.00 mPISA -MONTACCHIELLO Coords: X:0.00, Y:0.00Cone Type: GEOTECHCone Operator: CPT: CPTU 1 Location:Permeability
Ksbt (m/s)-91x10   -61x10   -31x10   

Depth (m)
272625242322212019181716151413121110987654321 Permeability Young's modulus

Es (MPa) 150100500
Depth (m)

272625242322212019181716151413121110987654321 Young's modulusSPT N60
N60 (blows/30cm) 50403020100

Depth (m)
272625242322212019181716151413121110987654321 SPT N60 Relative density

Dr (%) 100806040200
Depth (m)

272625242322212019181716151413121110987654321 Relative density
Calculation parameters Relative desnisty constant, CDr: 350.0Permeability: Based on SBTnSPT N60: Based on Ic and qtYoung�s modulus: Based on variable alpha using Ic (Robertson, 2009) Phi: Based on Kulhawy & Mayne (1990)User defined estimation data

Friction angle
60555045403530

Depth (m)
272625242322212019181716151413121110987654321 Friction angle
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Project: FORTI SPA GEOSERVIZI  SNCVia U. Foscolo, 14- Ghezzano - PITel 050 878470 geoservizipisa@gmail.com Total depth: 27.31 m, Date: 30/07/2012Surface Elevation: 0.00 mPISA -MONTACCHIELLO Coords: X:0.00, Y:0.00Cone Type: GEOTECHCone Operator: CPT: CPTU 1 Location:Constrained Modulus
M(CPT) (MPa) 200150100500

Depth (m)
272625242322212019181716151413121110987654321 Constrained Modulus Shear strength

Su (kPa) 4002000
Depth (m)

272625242322212019181716151413121110987654321 Su peakSu remoldedShear strengthShear modulus
Go (MPa) 2001000

Depth (m)
272625242322212019181716151413121110987654321 Shear modulus Undrained strength ratio

21.510.50
Depth (m)

27262524232221201918171615141312111098765432Undrained strength ratio OCR
OCR 1086420

Depth (m)
272625242322212019181716151413121110987654321 OCR

Calculation parametersUndrained shear strength cone factor for clays, Nkt: 20 OCR factor for clays, Nkt: 0.33Go: Based on variable alpha  using Ic (Robertson, 2009)Constrained modulus: Based on variable alpha  using  Ic and Qtn (Robertson, 2009) User defined estimation dataCPeT-IT v.1.7.4.11 - CPTU data presentation & interpretation software - Report created on: 30/07/2012, 23.00.29 9Project file: Riproduzione cartacea del documento amministrativo informatico del Comune di Pisa firmato digitalmente da
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Project: FORTI SPA GEOSERVIZI  SNCVia U. Foscolo, 14- Ghezzano - PITel 050 878470 geoservizipisa@gmail.com Total depth: 27.31 m, Date: 30/07/2012Surface Elevation: 0.00 mPISA -MONTACCHIELLO Coords: X:0.00, Y:0.00Cone Type: GEOTECHCone Operator: CPT: CPTU 1 Location:Shear Wave velocity
Vs (m/s) 3002001000

Depth (m)
272625242322212019181716151413121110987654321 Shear Wave velocity In-situ stress ratio

Ko 210
Depth (m)

272625242322212019181716151413121110987654321 In-situ stress ratioState parameter
0-0 .1-0 .2

Depth (m)
272625242322212019181716151413121110987654321 State parameter Soil sensitivity

S 43210
Depth (m)

272625242322212019181716151413121110987654321 Soil sensitivity Effective friction angle
4035302520

Depth (m)
272625242322212019181716151413121110987654321 Effective friction angle

Calculation parametersSoil Sensitivity factor, NS: 7.00User defined estimation dataCPeT-IT v.1.7.4.11 - CPTU data presentation & interpretation software - Report created on: 30/07/2012, 23.00.29 10Project file: Riproduzione cartacea del documento amministrativo informatico del Comune di Pisa firmato digitalmente da
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Project: FORTI SPA GEOSERVIZI  SNCVia U. Foscolo, 14- Ghezzano - PITel 050 878470 geoservizipisa@gmail.com Total depth: 27.31 m, Date: 30/07/2012Surface Elevation: 0.00 mPISA -MONTACCHIELLO Coords: X:0.00, Y:0.00Cone Type: GEOTECHCone Operator: CPT: CPTU 1 Location: Bearing Capacity Plot
Footing Width (m) 4321Ultimate Bearing Capacity (kPa)

800780760740720700680660640620600580560540520500480460440420400380360340
Bearing Capacity Plot

Bearing Capacity calculation isperfromed based on the formula:soiltkult qqRQ +×=where:Rk: Bearing capacity factorqt: Average corrected coneresistance over calculation depthqsoil: Pressure applied by soilabove footingNo B(m) StartDepth(m) End Depth(m) Ave. qt(MPa) Soil Press.(kPa) Ult. bearing cap. (kPa)Rk:: Tabular results ::1 1.00 0.50 2.00 4.03 9.50 815.530.202 1.20 0.50 2.30 3.56 9.50 721.040.203 1.40 0.50 2.60 3.23 9.50 655.260.204 1.60 0.50 2.90 2.95 9.50 600.480.205 1.80 0.50 3.20 2.73 9.50 556.410.206 2.00 0.50 3.50 2.54 9.50 516.770.207 2.20 0.50 3.80 2.34 9.50 476.780.208 2.40 0.50 4.10 2.15 9.50 439.460.209 2.60 0.50 4.40 2.00 9.50 408.840.2010 2.80 0.50 4.70 1.87 9.50 384.340.2011 3.00 0.50 5.00 1.77 9.50 362.620.2012 3.20 0.50 5.30 1.67 9.50 344.370.2013 3.40 0.50 5.60 1.61 9.50 331.310.2014 3.60 0.50 5.90 1.58 9.50 326.130.2015 3.80 0.50 6.20 1.59 9.50 327.870.2016 4.00 0.50 6.50 1.64 9.50 336.680.20CPeT-IT v.1.7.4.11 - CPTU data presentation & interpretation software - Report created on: 30/07/2012, 23.00.29 11Project file: Riproduzione cartacea del documento amministrativo informatico del Comune di Pisa firmato digitalmente da
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This software is licensed to: Geoservizi snc:: Permeability, k (m/s) :: cI3.04-0.952cc 10k then 1.00I and 3.27I ⋅=>< cI1.37--4.52cc 10k then 3.27I and 4.00I ⋅=>≤:: NSPT (blows per 30 cm) ::cI0.28171.1268ac60 10 1PqN
⋅−

⋅







=

( ) cI0.28171.1268tn601 10 1QN
⋅−

⋅=:: Young's Modulus, Es (MPa) ::1.68I0.55vt c100.015)(q +⋅⋅⋅− (applicable only to SBTn: 5, 6, 7 and 8or Ic < Ic_cutoff):: Relative Density, Dr (%) ::DRtnkQ100 ⋅(applicable only to Ic < Ic_cutoff))log(Q0.330.56 cstn,⋅−= )log(Q1117.60 tn⋅+=(applicable only to SBTn: 5, 6, 7 and 8):: 1-D constrained modulus, M (MPa) ::1.68I0.55vtCPTc vtCPT tntn tnc c100.0188)(qM 2.20I If )(qM 14Qfor  Q 14Qfor  14 2.20I If
+⋅⋅⋅−=

≤

−⋅=

≤=

>=

>

:: Small strain shear Modulus, Go (MPa) ::1.68I0.55vt0 c100.0188)(qG +⋅⋅⋅−=:: Shear Wave Velocity, Vs (m/s) ::0.500s GV 







=:: Undrained peak shear strength, Su (kPa) ::
( )kt vtu rkt NqS defineduser or  )log(F710.50N

−
=

⋅+=:: Overconsolidation Ratio, OCR ::tnOCR 1.25r0.20tnOC R Qk  OCR defineduser or  ))log(F7(10.500.25 Qk
⋅=













⋅+⋅⋅
=

:: Remolded undrained shear strength, Su(rem) (kPa) ::
( ) sremu fS =

:: Unit Weight, g (kN/m³) ::weightunit water g where 1.236)pqlog(0.36)log(R0.27gg w atfw
=









+⋅+⋅⋅=

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cutoff)(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cutoff)(applicable only to SBTn: 1, 2, 3, 4 and 9or Ic > Ic_cutoff)
References� Robertson, P.K., Cabal K.L., Guide to Cone Penetration Testing for Geotechnical Engineering, Gregg Drilling & Testing, Inc., 4th Edition, July 2010

Presented below is a list of formulas used for the estimation of various soil properties. The formulas are presented in SI unit system and assumethat all components are expressed in the same units.

� Robertson, P.K., Interpretation of Cone Penetration Tests - a unified approach., Can. Geotech. J. 46(11): 1337�1355 (2009)
:: In situ Stress Ratio, Ko ::










 −
⋅= 'vo vtO q0.1K:: Soil Sensitivity, St ::rSt FNS =

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cutoff)(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cutoff)' (°) ::
( )tq0.121q' logQB0.3360.256B29.5 +⋅+⋅⋅°=(applicable for 0.10<Bq<1.00)
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Dott.Geol. Giorgio Della Croce Piazza della Vittoria 47 57125 Livorno Petra s.n.c. di Carmignani Andrea e c. c/o Studio Masi  Via Grande 225 57123 Livorno  

1 

    COMUNE DI PISA     
      EDIFICIO BO-FROST INDAGINE SISMICA CON METODOLOGIA MASW  RELAZIONE DI CALCOLO   MARZO 2013  Comm.te: Impresa Forti SpA     Riproduzione cartacea del documento amministrativo informatico del Comune di Pisa firmato digitalmente da
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Dott.Geol. Giorgio Della Croce  Petra snc  Edificio BoFrost, Montacchiello (PI)  RELAZIONE DI CALCOLO  ==o== SECTION#1 Date: 25/03/2014 dataset: 4.sgy minimum offset (m): 4 geophone spacing (m): 2 sampling (ms): 0.131 Dispersion curve: 4.cdp Number of individuals: 30 Number of generations: 31 Rayleigh-wave dispersion analysis Adopted search space (minimum Vs & thickness): 43    2   54    3   57    5   90   10  150 Adopted search space (maximum Vs & thickness): 65    4  100    6  120    7  250   20  350 Adopted Poisson values: 0.35        0.35        0.35        0.35        0.35 Output folder: C:\Users\Utente\Desktop\17_Montacchiello-giorgio\4 nuovo bis   ==o== SECTION#2 Rayleigh wave analysis Optimizing Vs & Thickness - generation: 1; average & best misfits: -60.2426     -53.3655 Optimizing Vs & Thickness - generation: 2; average & best misfits: -58.4236     -49.7489 Optimizing Vs & Thickness - generation: 3; average & best misfits: -55.9841     -46.1007 Optimizing Vs & Thickness - generation: 4; average & best misfits: -54.698     -44.9863 Optimizing Vs & Thickness - generation: 5; average & best misfits: -53.0615     -44.9863 Optimizing Vs & Thickness - generation: 6; average & best misfits: -49.7968     -38.6053 Optimizing Vs & Thickness - generation: 7; average & best misfits: -46.9598     -34.0717 Optimizing Vs & Thickness - generation: 8; average & best misfits: -44.1799     -33.5209 Optimizing Vs & Thickness - generation: 9; average & best misfits: -42.5403     -33.5209 Optimizing Vs & Thickness - generation: 10; average & best misfits: -40.7241     -31.8222 Optimizing Vs & Thickness - generation: 11; average & best misfits: -40.2616     -31.2637 Optimizing Vs & Thickness - generation: 12; average & best misfits: -40.9401     -31.2637 Optimizing Vs & Thickness - generation: 13; average & best misfits: -40.3626     -31.2637 Optimizing Vs & Thickness - generation: 14; average & best misfits: -40.4639     -31.2637 Optimizing Vs & Thickness - generation: 15; average & best misfits: -41.788     -31.2637 Optimizing Vs & Thickness - generation: 16; average & best misfits: -40.4297     -31.2637 Optimizing Vs & Thickness - generation: 17; average & best misfits: -42.8461     -31.2637 Optimizing Vs & Thickness - generation: 18; average & best misfits: -42.1194     -31.2637 Optimizing Vs & Thickness - generation: 19; average & best misfits: -42.0164     -31.2637 Optimizing Vs & Thickness - generation: 20; average & best misfits: -40.6182     -31.2637 Optimizing Vs & Thickness - generation: 21; average & best misfits: -41.7216     -31.2637 Optimizing Vs & Thickness - generation: 22; average & best misfits: -40.4677     -31.2637 Optimizing Vs & Thickness - generation: 23; average & best misfits: -40.9213     -31.2637 Optimizing Vs & Thickness - generation: 24; average & best misfits: -39.6881     -31.2637 Optimizing Vs & Thickness - generation: 25; average & best misfits: -42.2855     -31.2637 Optimizing Vs & Thickness - generation: 26; average & best misfits: -41.2568     -31.2637 Optimizing Vs & Thickness - generation: 27; average & best misfits: -42.1547     -31.2637 Optimizing Vs & Thickness - generation: 28; average & best misfits: -40.5464     -31.2637 Optimizing Vs & Thickness - generation: 29; average & best misfits: -40.4057     -31.2637 Optimizing Vs & Thickness - generation: 30; average & best misfits: -40.2785     -31.2637 Optimizing Vs & Thickness - generation: 31; average & best misfits: -41.4378     -31.2637 Checking the new search space (for the finer search) Now a finer search around the most promising search space area Rayleigh wave analysis Optimizing Vs & Thickness - generation: 1; average & best misfits: -34.5795     -30.0923 Optimizing Vs & Thickness - generation: 2; average & best misfits: -38.0692     -30.0923 Optimizing Vs & Thickness - generation: 3; average & best misfits: -38.9824     -30.0923 Optimizing Vs & Thickness - generation: 4; average & best misfits: -39.3818     -30.0923 Optimizing Vs & Thickness - generation: 5; average & best misfits: -38.7145     -30.0923 Optimizing Vs & Thickness - generation: 6; average & best misfits: -40.0777     -30.0923 Optimizing Vs & Thickness - generation: 7; average & best misfits: -40.7837     -30.0923 Optimizing Vs & Thickness - generation: 8; average & best misfits: -40.5881     -30.0923 Optimizing Vs & Thickness - generation: 9; average & best misfits: -40.143     -30.0923 Model after the Vs & Thickness optimization (fixed Poisson values):  Vs (m/s): 65  100  120  250  318 Poisson:  0.35      0.35   0.35   0.35    0.35 Thickness (m):  2       3.4       5.4    10 Riproduzione cartacea del documento amministrativo informatico del Comune di Pisa firmato digitalmente da
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Dott.Geol. Giorgio Della Croce  Petra snc  Edificio BoFrost, Montacchiello (PI)  Number of models considered to calculate the average model: 203    ############################################################### RESULTS winMASW Pro ############################################################### Dataset: 4.sgy Analyzed curve: 4.cdp  ==o== SECTION#3 MEAN MODEL VS (m/s):                   64    99   116   244   303 Standard deviations (m/s): 2    2    5   14   36 Thickness (m):             2.0         3.5         5.4        11.8 Standard deviations (m):  0.1         0.5         0.5         2.2 Approximate values for Vp, density & elastic moduli Vp (m/s):                   133   206   241   508   631 Density (gr/cm3):             1.57     1.67     1.71     1.89     1.94 Vp/Vs ratio:   2.08      2.08      2.08      2.08      2.08 Poisson:   0.35     0.35     0.35     0.35     0.35 Young modulus (MPa):  17          44          62         304        482 Shear modulus (MPa):  6          16          23         113        178 Lamé (MPa):   15          38          53         263        417 Bulk modulus (MPa):  19          49          69         338        536  Fundamental mode Mean model  f(Hz)       VR(m/s)     2.56915      231.5247 3.07128       213.684 3.69894      192.7625 4.70319       135.379 8.46915      88.34765 10.3521      81.96886 12.4862      75.15613 14.2436      70.36852 First higher mode Mean model  4.70319      178.8053 6.33511      158.0197  6.7117      154.3345 8.46915      138.9733 9.72447      129.4004 12.2351      114.3048 16.1266      101.6072 18.8883      97.26054 21.2734      94.91801 24.5372      92.60883 Second higher mode) Mean model  7.46489      235.9887 8.46915      216.7364 10.1011      187.6466 11.4819      158.3775 16.1266      125.4935 18.2606      120.6823 20.6457       117.214 26.5457      110.8952 30.3117       106.269 32.6968      103.1084 36.9649      98.23595  ==o== SECTION#4 BEST MODEL Vs (m/s):   65           100  120           250      317.71 thickness (m):   2       3.39 5.40           10 Approximate values for Vp, density & elastic moduli Vp (m/s):                   135   208   250   520   661 Density (gr/cm3):             1.57     1.68     1.72     1.90     1.95 Vp/Vs ratio:   2.08      2.08      2.08      2.08      2.08 Poisson:   0.35     0.35     0.35     0.35     0.35 Young modulus (MPa):  18          45          67         320        533 Shear modulus (MPa):  7          17          25         118        198 Lamé (MPa):   15          39          58         276        458 Bulk modulus (MPa):  20          50          74         355        590 dispersion curve (frequency - Rayleigh phase velocity)      Fundamental mode) best model  F(Hz)       VR(m/s)     2.56915      245.3196 3.07128      226.5358 3.69894       204.238 4.70319      150.3466 8.46915       90.9338 10.3521      84.18099 12.4862      77.35688 14.2436      72.45606 First higher mode) best model 4.70319       185.642 6.33511      162.5937  6.7117       158.711 8.46915      142.9752 9.72447      133.4014 12.2351      118.2172 16.1266       104.465 18.8883      99.45061 21.2734      96.78918 24.5372      94.29831  Second higher mode) best model 7.46489      254.2145 8.46915       231.219 10.1011      198.8422 11.4819      167.3908 16.1266      129.6799 18.2606      124.4321 20.6457      120.6843 26.5457      113.9434 30.3117      109.1944 32.6968      105.9584 36.9649      100.6903         Riproduzione cartacea del documento amministrativo informatico del Comune di Pisa firmato digitalmente da
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Dott.Geol. Giorgio Della Croce  Petra snc  Edificio BoFrost, Montacchiello (PI) VS5 (mean model): 81 m/s VS5 (best model): 82 m/s VS20 (mean model): 133 m/s VS20 (best model): 136 m/s VS30 (mean model): 162 m/s VS30 (best model): 168 m/s   ==o== SECTION#6 Possible Soil Type: D (based on the mean model)   For Italian Users: Dalla normativa (modifiche del D.M. 14/09/2005 Norme Tecniche per le Costruzioni, emanate con D.M. Infrastrutture del 14/01/2008, pubblicato su Gazzetta Ufficiale Supplemento ordinario n° 29 del 04/02/2008): A - Ammassi rocciosi affioranti o terreni molto rigidi,caratterizzati da valori di VS30 superiori a 800 m/s, eventualmente comprendenti in superficie uno strato di alterazione, con spessore massimo di 3 m. B - Rocce tenere e depositi di terreni a grana grossa molto addensati o terreni a grana fine molto consistenti, con spessori superiori a 30 m, caratterizzati da graduale miglioramento delle proprietà meccaniche con la profondità e valori del VS30 compresi tra 360 m/s e 800 m/s (ovvero NSPT30 > 50 nei terreni a grana grossa e cu30> 250 kPa nei terreni a grana fina). 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 proprietà meccaniche con la profondità 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). D - Depositi di terreni a grana grossa scarsamente addensati o terreni a grana fine scarsamente consistenti, con spessori superiori a 30 m caratterizzati da graduale miglioramento delle proprietà meccaniche con la profondità e valori del VS30 inferiori a 180 m/s (ovvero NSPT30 < 15 nei terreni a grana grossa e cu30 < 70 kPa nei terreni a grana fina). E - Terreni dei sottosuoli dei tipi C o D per spessori non superiori a 20 m, posti sul substrato di riferimento (con VS > 800 m/s). S1 - Depositi di terreni  caratterizzati da valori di VS30 inferiori 100 m/s (ovvero 10 < cuS30 < 20 kPa) che includono uno strato di almeno 8 m di terreni a grana fina  di bassa consistenza, oppure che includano almeno 3 m di torba o argille altamente organiche. S2 - Depositi di terreni suscettibili di liquefazione, di argille sensitive, o qualsiasi altra categoria di sottosuolo non classificabile nei tipi precedenti.   Results saved in the folder "C:\Users\Utente\Desktop\17_Montacchiello-giorgio\4 nuovo bis". ================================================================================ winMASW 4.2 Pro - Surface Wave Analysis - www.eliosoft.it  
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Dott.Geol. Giorgio Della Croce  Petra snc  Edificio BoFrost, Montacchiello (PI) 
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