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Studio di Geologia
DOTT. GIAN FRANCO RUFFINI
57010 Cecina (Livorno) Certificato: pozzobon

PROVA  PENETROMETRICA  DINAMICA DIN  PD1
DIAGRAMMA  NUMERO  COLPI  PUNTA - Rpd          Scala 1: 50 

- cantiere : Sig. POZZOBON ed altri - data prova : 16/12/2009
- lavoro : Consolidamento edificio lesionato - quota inizio : p.c.                
- località : Via della Camminata, Comune di Bibbona - prof. falda : Falda non rilevata

- data emiss. : 06/04/2010

- note :                                               

N = N(10)  numero di colpi penetrazione punta  -  avanzamento  δδδδ =  10 cm           Rpd (kg/cm²)
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57010 Cecina (Livorno) Certificato: pozzobon

PROVA  PENETROMETRICA  DINAMICA DIN  PD2
DIAGRAMMA  NUMERO  COLPI  PUNTA - Rpd          Scala 1: 50 

- cantiere : Sig. POZZOBON ed altri - data prova : 16/12/2009
- lavoro : Consolidamento edificio lesionato - quota inizio : p.c.                
- località : Via della Camminata, Comune di Bibbona - prof. falda : Falda non rilevata

- data emiss. : 06/04/2010

- note :                                               

N = N(10)  numero di colpi penetrazione punta  -  avanzamento  δδδδ =  10 cm           Rpd (kg/cm²)
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PROVA  PENETROMETRICA  DINAMICA DIN  PD3
DIAGRAMMA  NUMERO  COLPI  PUNTA - Rpd          Scala 1: 50 

- cantiere : Sig. POZZOBON ed altri - data prova : 16/12/2009
- lavoro : Consolidamento edificio lesionato - quota inizio : p.c.                
- località : Via della Camminata, Comune di Bibbona - prof. falda : Falda non rilevata

- data emiss. : 06/04/2010

- note :                                               

N = N(10)  numero di colpi penetrazione punta  -  avanzamento  δδδδ =  10 cm           Rpd (kg/cm²)
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PROVA  PENETROMETRICA  DINAMICA DIN  PD4
DIAGRAMMA  NUMERO  COLPI  PUNTA - Rpd          Scala 1: 50 

- cantiere : Sig. POZZOBON ed altri - data prova : 16/12/2009
- lavoro : Consolidamento edificio lesionato - quota inizio : p.c.                
- località : Via della Camminata, Comune di Bibbona - prof. falda : Falda non rilevata

- data emiss. : 06/04/2010

- note :                                               

N = N(10)  numero di colpi penetrazione punta  -  avanzamento  δδδδ =  10 cm           Rpd (kg/cm²)
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PROVA  PENETROMETRICA  DINAMICA DIN  PD5
DIAGRAMMA  NUMERO  COLPI  PUNTA - Rpd          Scala 1: 50 

- cantiere : Sig. POZZOBON ed altri - data prova : 16/12/2009
- lavoro : Consolidamento edificio lesionato - quota inizio : p.c.                
- località : Via della Camminata, Comune di Bibbona - prof. falda : Falda non rilevata

- data emiss. : 06/04/2010

- note :                                               

N = N(10)  numero di colpi penetrazione punta  -  avanzamento  δδδδ =  10 cm           Rpd (kg/cm²)
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REALIZZAZIONE DI LAVORI DI RISTRUTTURAZIONE 

ALL’EDIFICIO ABITATIVO DENOMINATO LA FATTORIA

ALL’INTERNO DEL CAMPEGGIO LE CAPANNE

��������	�
	

�����������	�
	

�����������	�
	

�����������	�
	

�������

STUDIO GEOTECNICO DEL TERRENO DI FONDAZIONE 

IN ADEGUAMENTO AL D.M. 14 GENNAIO 2008 

Committente: ����������	
	������
����

Febbraio 2010 

        �����������





�����������	
���	��
����

�����������������������������������������

dispersion curve: number of frequency-velocity points=6 

dataset: le capanne 12 m 6 colpi.sgy 

minimum offset (m): 12 

geophone spacing (m): 2 

sampling (ms): 0.131 

dispersion curve: le capanne picking 12 m.cdp 

number of individuals: 30 

number of generations: 41 

  

Adopted search space (minimum Vs & thickness): 250    2  250    1  270    2  270    3  300 

Adopted search space (maximum Vs & thickness): 320    5  340    3  350    5  370    8  750 

Adopted Poisson values:                                          0.35       0.35       0.35        0.35       0.3 

Rayleigh wave analysis 

Optimizing Vs & Thickness - generation: 1; average & best misfits: -11.8909     -4.30371 

Optimizing Vs & Thickness - generation: 2; average & best misfits: -9.7673     -4.3037 

Optimizing Vs & Thickness - generation: 3; average & best misfits: -9.4822      -4.144 

Optimizing Vs & Thickness - generation: 4; average & best misfits: -8.9248      -4.144 

Optimizing Vs & Thickness - generation: 5; average & best misfits: -9.5063     -3.6905 

Optimizing Vs & Thickness - generation: 6; average & best misfits: -8.5209     -3.6905 

Optimizing Vs & Thickness - generation: 7; average & best misfits: -7.6331     -3.6905 

Optimizing Vs & Thickness - generation: 8; average & best misfits: -9.5604     -3.6905 

Optimizing Vs & Thickness - generation: 9; average & best misfits: -10.1929      -3.6905 

Optimizing Vs & Thickness - generation: 10; average & best misfits: -8.0217     -3.6905 

Optimizing Vs & Thickness - generation: 11; average & best misfits: -9.1263     -3.6905 

Optimizing Vs & Thickness - generation: 12; average & best misfits: -9.397     -3.6905 

Optimizing Vs & Thickness - generation: 13; average & best misfits: -9.0037     -3.6905 

Optimizing Vs & Thickness - generation: 14; average & best misfits: -8.91     -3.6905 

Optimizing Vs & Thickness - generation: 15; average & best misfits: -9.6128     -3.6905 

Optimizing Vs & Thickness - generation: 16; average & best misfits: -10.1974      -3.6905 

Optimizing Vs & Thickness - generation: 17; average & best misfits: -10.1564      -3.6905 

Optimizing Vs & Thickness - generation: 18; average & best misfits: -9.7268     -3.6905 

Optimizing Vs & Thickness - generation: 19; average & best misfits: -9.2522     -3.6905 

Optimizing Vs & Thickness - generation: 20; average & best misfits: -10.8473      -3.6905 

Optimizing Vs & Thickness - generation: 21; average & best misfits: -10.9686      -3.6905 

Optimizing Vs & Thickness - generation: 22; average & best misfits: -11.3801      -3.6905 

Optimizing Vs & Thickness - generation: 23; average & best misfits: -10.2533     -3.36295 

Optimizing Vs & Thickness - generation: 24; average & best misfits: -11.1278     -3.36295 

Optimizing Vs & Thickness - generation: 25; average & best misfits: -8.4344     -3.2119 

Optimizing Vs & Thickness - generation: 26; average & best misfits: -8.3052     -3.2119 

Optimizing Vs & Thickness - generation: 27; average & best misfits: -9.4007     -3.2119 

Optimizing Vs & Thickness - generation: 28; average & best misfits: -8.9209     -3.2119 

Optimizing Vs & Thickness - generation: 29; average & best misfits: -8.9016     -3.2119 

Optimizing Vs & Thickness - generation: 30; average & best misfits: -9.2406     -3.2119 

Optimizing Vs & Thickness - generation: 31; average & best misfits: -8.8212     -3.2119 

Optimizing Vs & Thickness - generation: 32; average & best misfits: -7.7775     -3.2119 

Optimizing Vs & Thickness - generation: 33; average & best misfits: -7.2293     -3.2119 

Optimizing Vs & Thickness - generation: 34; average & best misfits: -7.9481     -2.8915 

Optimizing Vs & Thickness - generation: 35; average & best misfits: -9.4232     -2.8915 

Optimizing Vs & Thickness - generation: 36; average & best misfits: -9.0068     -2.8915 

Optimizing Vs & Thickness - generation: 37; average & best misfits: -8.8568     -2.8915 

Optimizing Vs & Thickness - generation: 38; average & best misfits: -8.9636     -2.8915 

Optimizing Vs & Thickness - generation: 39; average & best misfits: -8.1323     -2.8915 

Optimizing Vs & Thickness - generation: 40; average & best misfits: -9.202     -2.8915 

Optimizing Vs & Thickness - generation: 41; average & best misfits: -8.0389     -2.8915 

  



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: -9.3863     -2.8915 

Optimizing Vs & Thickness - generation: 2; average & best misfits: -9.5091     -2.8671 

Optimizing Vs & Thickness - generation: 3; average & best misfits: -9.8771     -2.0542 

Optimizing Vs & Thickness - generation: 4; average & best misfits: -8.1475     -1.5934 

Optimizing Vs & Thickness - generation: 5; average & best misfits: -8.5174     -1.5934 

Optimizing Vs & Thickness - generation: 6; average & best misfits: -9.4945     -1.5934 

Optimizing Vs & Thickness - generation: 7; average & best misfits: -9.3214     -1.5934 

Optimizing Vs & Thickness - generation: 8; average & best misfits: -8.591     -1.5934 

Optimizing Vs & Thickness - generation: 9; average & best misfits: -9.3747     -1.5934 

Optimizing Vs & Thickness - generation: 10; average & best misfits: -8.2901     -1.5934 

Optimizing Vs & Thickness - generation: 11; average & best misfits: -9.4303     -1.5934 

  

Model after the Vs & Thickness optimization (fixed Poisson values):  

Vs (m/s): 268  338  277  351  563 

Poisson: 0.35      0.35      0.35      0.35       0.3 

Thickness (m): 2.5      2.1      4.8      6.6 

Number of models considered to calculate the average model: 5 

  

  

############################################################### 

RESULTS winMASW Pro 

############################################################### 

   

Dataset: le capanne 12 m 6 colpi.sgy 

Analyzed curve: le capanne picking 12 m.cdp 

================================================================================ 

MEAN MODEL 
  

VS (m/s):                  268  338  280  345  563 

Standard deviations (m/s): 0   0   6  14   0 

Thickness (m):            2.5         1.9         4.7         6.6 

Standard deviations (m): 0.0         0.2         0.3         0.5 

Approximate values for Vp, density & elastic moduli

Vp (m/s):                  558   704   583   718  1053 

Density (gr/cm3):            1.91    1.97    1.92    1.97    2.07 

Vp/Vs ratio: 2.08     2.08     2.08     2.08     1.87 

Poisson: 0.35    0.35    0.35    0.35    0.30 

Young modulus (MPa): 371        607        407        634       1703 

Shear modulus (MPa): 137        225        151        235        655 

Lamé (MPa): 321        526        352        548        981 

Bulk modulus (MPa): 412        676        453        704       1418 

  

  

Fundamental mode 

Mean model 

 f(Hz)       VR(m/s)     

10.6572      328.5135 

15.0138      287.5969 

22.1296      276.6163 

34.7638      274.2025 

45.2197      270.1401 

54.3686      264.6408 

================================================================================ 



BEST MODEL 
  

Vs (m/s): 268.2986      338.0319      277.3961      350.5314      563.3098 

thickness (m): 2.5318      2.0816      4.8004      6.6321 

  

Approximate values for Vp, density & elastic moduli

Vp (m/s):                  559   704   577   730  1054 

Density (gr/cm3):            1.91    1.97    1.92    1.98    2.07 

Vp/Vs ratio: 2.09     2.08     2.08     2.08     1.87 

Poisson: 0.35    0.35    0.35    0.35    0.30 

Young modulus (MPa): 371        607        398        658       1704 

Shear modulus (MPa): 137        225        147        244        655 

Lamé (MPa): 323        526        345        567        986 

Bulk modulus (MPa): 415        676        443        729       1422 

dispersion curve (frequency - Rayleigh phase velocity) 

Fundamental mode) 

best model 

 F(Hz)       VR(m/s)     

10.6572      325.5306 

15.0138      286.1634 

22.1296      276.2999 

34.7638      274.7331 

45.2197      270.7666 

54.3686      265.1165 

================================================================================ 

Maximum penetration depth according to the "Steady State Rayleigh Method": 12 m 

     

Inversion quality: very good 

   

VS5 (mean model): 293 m/s 

VS5 (best model): 294 m/s 

   

VS20 (mean model): 342 m/s 

VS20 (best model): 340 m/s 

   

VS30 (mean model): 393 m/s 

VS30 (best model): 392 m/s 

Possible Soil Type: B (based on the mean model)   

winMASW 4.2 Pro 

Surface Wave Analysis 

via MASW - Multichannel Analysis of Surface Waves 

www.eliosoft.it 
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dispersion curve: number of frequency-velocity points=7 

dataset: 12 metri.sgy 

minimum offset (m): 12 

geophone spacing (m): 2 

sampling (ms): 0.131 

dispersion curve: picking 12 metri.cdp 

number of individuals: 30 

number of generations: 41 

  

Adopted search space (minimum Vs & thickness): 200    2  200    2  220    7  240 

Adopted search space (maximum Vs & thickness): 260    5  300    5  360   13  700 

Adopted Poisson values: 0.35        0.35        0.35        0.25 

  

   

Rayleigh wave analysis 

Optimizing Vs & Thickness - generation: 1; average & best misfits: -21.4156     -11.4077 

Optimizing Vs & Thickness - generation: 2; average & best misfits: -19.6582     -7.91397 

Optimizing Vs & Thickness - generation: 3; average & best misfits: -19.4979     -7.91397 

Optimizing Vs & Thickness - generation: 4; average & best misfits: -15.8872     -7.16068 

Optimizing Vs & Thickness - generation: 5; average & best misfits: -18.1122     -7.16068 

Optimizing Vs & Thickness - generation: 6; average & best misfits: -19.8336     -7.16068 

Optimizing Vs & Thickness - generation: 7; average & best misfits: -18.5723     -7.16068 

Optimizing Vs & Thickness - generation: 8; average & best misfits: -17.8392     -5.79244 

Optimizing Vs & Thickness - generation: 9; average & best misfits: -18.2052     -5.79244 

Optimizing Vs & Thickness - generation: 10; average & best misfits: -16.5452     -4.88716 

Optimizing Vs & Thickness - generation: 11; average & best misfits: -19.7195     -4.88716 

Optimizing Vs & Thickness - generation: 12; average & best misfits: -15.934     -4.88716 

Optimizing Vs & Thickness - generation: 13; average & best misfits: -17.9398     -4.88716 

Optimizing Vs & Thickness - generation: 14; average & best misfits: -16.0038     -4.88716 

Optimizing Vs & Thickness - generation: 15; average & best misfits: -17.6313     -4.88716 

Optimizing Vs & Thickness - generation: 16; average & best misfits: -17.2222     -4.88716 

Optimizing Vs & Thickness - generation: 17; average & best misfits: -15.2508     -4.40231 

Optimizing Vs & Thickness - generation: 18; average & best misfits: -16.3199     -4.40231 

Optimizing Vs & Thickness - generation: 19; average & best misfits: -18.2926     -4.40231 

Optimizing Vs & Thickness - generation: 20; average & best misfits: -13.7089     -4.40231 

Optimizing Vs & Thickness - generation: 21; average & best misfits: -15.0625     -3.44771 

Optimizing Vs & Thickness - generation: 22; average & best misfits: -16.05     -3.44771 

Optimizing Vs & Thickness - generation: 23; average & best misfits: -16.9599     -3.44771 

Optimizing Vs & Thickness - generation: 24; average & best misfits: -14.3846     -3.44771 

Optimizing Vs & Thickness - generation: 25; average & best misfits: -15.8538     -3.44771 

Optimizing Vs & Thickness - generation: 26; average & best misfits: -13.8581     -3.44771 

Optimizing Vs & Thickness - generation: 27; average & best misfits: -14.7273     -3.44771 

Optimizing Vs & Thickness - generation: 28; average & best misfits: -14.1006     -3.44771 

Optimizing Vs & Thickness - generation: 29; average & best misfits: -13.242     -3.44771 

Optimizing Vs & Thickness - generation: 30; average & best misfits: -16.5628     -3.44771 

Optimizing Vs & Thickness - generation: 31; average & best misfits: -17.6417     -3.44771 

Optimizing Vs & Thickness - generation: 32; average & best misfits: -17.819     -3.44771 

Optimizing Vs & Thickness - generation: 33; average & best misfits: -18.0081     -3.44771 

Optimizing Vs & Thickness - generation: 34; average & best misfits: -18.2082     -3.44771 

Optimizing Vs & Thickness - generation: 35; average & best misfits: -15.3081     -3.44771 

Optimizing Vs & Thickness - generation: 36; average & best misfits: -13.1748     -3.44771 

Optimizing Vs & Thickness - generation: 37; average & best misfits: -14.6803     -3.44771 

Optimizing Vs & Thickness - generation: 38; average & best misfits: -13.7379     -3.44771 

Optimizing Vs & Thickness - generation: 39; average & best misfits: -14.7549     -3.44771 

Optimizing Vs & Thickness - generation: 40; average & best misfits: -14.1459     -3.44771 

Optimizing Vs & Thickness - generation: 41; average & best misfits: -13.0092     -3.44771 

  

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: -21.007     -3.44771 

Optimizing Vs & Thickness - generation: 2; average & best misfits: -18.9088     -3.44771 

Optimizing Vs & Thickness - generation: 3; average & best misfits: -16.4102     -3.44771 

Optimizing Vs & Thickness - generation: 4; average & best misfits: -20.2168     -3.44771 

Optimizing Vs & Thickness - generation: 5; average & best misfits: -21.3598     -3.44771 

Optimizing Vs & Thickness - generation: 6; average & best misfits: -18.9602     -3.44771 

Optimizing Vs & Thickness - generation: 7; average & best misfits: -19.2768     -3.44771 

Optimizing Vs & Thickness - generation: 8; average & best misfits: -16.829     -3.44771 

Optimizing Vs & Thickness - generation: 9; average & best misfits: -17.1867     -3.44771 

Optimizing Vs & Thickness - generation: 10; average & best misfits: -16.5319     -3.44771 

Optimizing Vs & Thickness - generation: 11; average & best misfits: -15.4309     -3.43291 

  

Model after the Vs & Thickness optimization (fixed Poisson values):  

Vs (m/s): 226  298  278  619 

Poisson: 0.35      0.35      0.35      0.25 

Thickness (m): 4.9      2.8       10 

Number of models considered to calculate the average model: 4 

  

  

############################################################### 

RESULTS winMASW Pro 

############################################################### 

   

Dataset: 12 metri.sgy 

Analyzed curve: picking 12 metri.cdp 

  

================================================================================ 

MEAN MODEL 

  

VS (m/s):                  226  298  278  619 

Standard deviations (m/s): 1  0  0  0 

  

Thickness (m):            4.9         2.8        10.4 

Standard deviations (m): 0.0+0.0i                 0.0+0.0i                 0.0+0.0i 

  

  

Approximate values for Vp, density & elastic moduli

Vp (m/s):                  470   620   579  1072 

Density (gr/cm3):            1.87    1.94    1.92    2.07 

Vp/Vs ratio: 2.08     2.08     2.08     1.73 

Poisson: 0.35    0.35    0.35    0.25 

Young modulus (MPa): 258        465        401       1983 

Shear modulus (MPa): 96        172        148        793 

Lamé (MPa): 222        401        347        793 

Bulk modulus (MPa): 286        516        446       1322 

  

  

Fundamental mode 

Mean model 

 f(Hz)       VR(m/s)     

6.30055      402.0063 

7.17188      333.6432 

9.05974       276.337 

 13.852      248.8075 

19.3704      235.5004 

25.3244      223.7948 

32.0046      216.8813 

     

  

================================================================================ 



BEST MODEL 

  

Vs (m/s): 225.5918      297.8374      278.0599      619.1705 

thickness (m): 4.8637      2.79825      10.3988 

  

Approximate values for Vp, density & elastic moduli

Vp (m/s):                  470   620   579  1072 

Density (gr/cm3):            1.87    1.94    1.92    2.07 

Vp/Vs ratio: 2.08     2.08     2.08     1.73 

Poisson: 0.35    0.35    0.35    0.25 

Young modulus (MPa): 258        465        401       1984 

Shear modulus (MPa): 96        172        149        793 

Lamé (MPa): 222        401        347        793 

Bulk modulus (MPa): 286        516        446       1322 

     

     

dispersion curve (frequency - Rayleigh phase velocity) 

     

Fundamental mode) 

best model 

 F(Hz)       VR(m/s)     

6.30055      402.1377 

7.17188      333.6805 

9.05974      276.2558 

 13.852      248.6154 

19.3704      235.1608 

25.3244      223.3816 

32.0046      216.4709 

  

     

     

================================================================================ 

Maximum penetration depth according to the "Steady State Rayleigh Method": 26 m 

     

Inversion quality: very good 

   

VS5 (mean model): 227 m/s 

VS5 (best model): 227 m/s 

   

VS20 (mean model): 280 m/s 

VS20 (best model): 280 m/s 

   

VS30 (mean model): 342 m/s 

VS30 (best model): 342 m/s 

   

  

   

Possible Soil Type: C (based on the mean model)   
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