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A list of tests in this borehole 
 
 
 B1T1  01/04/06         5.0m  Brown Clay 

 B1T2  05/04/06         6.1m  Clay and gravel 

 B1T3  05/04/06         8.0m  Clay and gravel 

 B1T4  07/04/06         10.0m  Coarse sand 

 B1T5  08/04/06         20.0m  Grey Clay 

 B1T6  10/04/06         25.0m  Grey Clay 

 B1T7  12/04/06         37.5m  Silty sand 

 B1T8  07/05/06         50.8m  Chalk (with flints) 

 B1T9  10/05/06         67.6m  Limestone 

 B1T10  11/05/06         80.4m  Phyllite 
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 B1T1  01/04/06         5.0m  Brown Clay 

 
1. Test record sheet 

2. Results summary 

3. Plot of expansion versus pressure – all arms 

4. Plot of expansion versus pressure – arm average 

5. Plot of all pressure cells versus time 

6. Plot of Marsland and Randolph procedure 

7. Gibson and Anderson plot, giving Cu and PL from loading curve 

8. Jefferies plot, giving Cu from unloading curve 

9. Plot of Reload Loop 1, with linear modulus line 

10. Plot of Reload Loop 2, with linear modulus line 

11. Plot of Reload Loop 3, with linear modulus line 

12. Bolton and Whittle plot of reloading part of Loop 1, giving nonlinearity 
coefficients 

13. Ditto for Loop 2 

14. And again for Loop 3 

15. Plot of Shear modulus versus Shear strain for all reload loops 

16. Plot of strain versus pressure, with computed curve and field data 





SELF-BORING PRESSUREMETER RESULTS SUMMARY SHEET 
 
 

Site:- Ruritania Test :- B1T1 Test Date :- 1st April 2006 

 

Material :- Brown clay 
 

Depth :- 5.0 mtrs 
 

Water table :-  ~11 mtrs 

---------------------------------------------------------------------------------------------------------------------- 
 

Analysis of Insitu Lateral Stress (Po) :- 

Arm Av.  Curve matching procedure 
Marsland and Randolph kPa  75 Po =  106 kPa 
Zero offset mm 0.05 O/s = 1.13 mm 

 
Analysis of Undrained Shear Strength (Cu) :- 

 
Gibson and Anderson kPa 80 Cu = 49 kPa 
Pressure at failure (PF) kPa 102 

Limit Pressure (PL) kPa 505 PL = 462 kPa 
Jefferies (unloading) kPa 48 

 
Analysis of Shear Modulus (G) :- 

 
Initial Modulus (Gi) MPa 17.0 

 
Linear Analysis of Reload Loops (GR) :- 

Loop 1   Loop 2   Loop 3 
GR Mpa 8.4 9.6        10.2 

Co-ordinate :- 
Strain % 2.1 5.9 11.6 
Pressure MPa 0.15 0.2 0.24 

Amplitude :- 
Strain % 1.2 1.2 1.3 
Pressure MPa 0.10 0.12 0.14 

 
Non-linear Analysis of Reloading data :- 

α  MPa 0.87 1.04 1.24 α  = 1.57 MPa 
β  0.597 0.605 0.611 β  = 0.611 

 
Shear Modulus GS (at 3 levels of shear strain) :- 

(0.01%) MPa   36   40  45 G0.01% = 56 MPa 
(0.1%) MPa   14   16  18 G0.1% = 23 MPa 
(1%) MPa  5.6  6.4 7.4 G1% = - MPa 

GMIN  = 14.2 MPa 
at 0.3% shear strain 

 

 
 
 
 
 

Test Analysed By :- PGH  
Date :- April 2006 

 
 

Weak Rock Self-boring Pressuremeter Tests      Cambridge Insitu Ltd 
Typical tests in a borehole                     March 2011 
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 B1T2  05/04/06         6.1m  Clay and gravel 

 
1. Test record sheet 

2. Results summary 

3. Plot of expansion versus pressure – all arms 

4. Plot of expansion versus pressure – arm average 

5. Plot of expansion versus pressure – arm pairs 

6. Plot of expansion versus pressure – odd & even arms 

7. Plot of Marsland and Randolph procedure 

8. Plot of cavity strain versus pressure, using strain zero from M&R 

9. Gibson and Anderson plot, giving Cu and PL from loading curve 

10. Jefferies plot, giving Cu from unloading curve 

11. Hughes plot, giving peak friction angle and dilation 

12. Plot of Reload Loop 1, with linear modulus line 

13. Plot of Reload Loop 2, with linear modulus line 

14. Plot of Reload Loop 3, with linear modulus line 

15. Bolton and Whittle plot of reloading part of Loop 1, giving nonlinearity 
coefficients 

16. Ditto for Loop 2 

17. And again for Loop 3 

18. Plot of Shear modulus versus Shear strain for all reload loops 

19. Plot of strain versus pressure, with computed curve and field data 

20. Plot of measured and calculated curves, from Carter et al 

Note that these last two plots are included, even though the results obtained are not shown  
on the summary sheet. The material is a mixture, and no one model fits properly. 





HIGH PRESSURE DILATOMETER                    RESULTS SUMMARY SHEET 
 

Weak Rock Self-boring Pressuremeter and High Pressure Dilatometer Tests                                    
Cambridge Insitu Ltd                                                                                      March 2011 

Site:- Ruritania             Test :- B1T2              Test Date :- 5th April 2006 
                                                                                                                                            
Material :- Clay & gravel                    Depth :- 6.1 mtrs        Water table :-  ~ 11m 
---------------------------------------------------------------------------------------------------------------------- 
Analysis of Insitu Lateral Stress (Po) :-                                                                                
         Arm Av.   
Marsland and Randolph          kPa       340   
Strain zero   mm       8.2  
                                                                                                                                           
Analysis of Undrained Shear Strength (Cu) :-                                                                                                
 
Gibson and Anderson             kPa           156 
Pressure at failure (PF)            kPa           500 
Limit Pressure (PL)                 kPa           925 
Jefferies (unloading)  kPa             77 
 
Strength of Sands Analysis (Hughes, Wroth & Windle) 
 
Friction angle at const. vol. deg            24  (assumed)  
Angle of Friction  deg            24.0  
Angle of Dilation  deg              0  
 
Analysis of Shear Modulus (G) :-                                                                                      
 
Initial Modulus  (Gi)              MPa         2.3  
                                                                                                                                          
Linear Analysis of Reload Loops (GR) :-                                                                      

 
     Loop 1     Loop 2     Loop 3      

GR      MPa        11.1         17.1         16.4        
Pressure at start  kPa     285          415          195         
Depth of unload  kPa       90        125         -125         
 
Non-linear Analysis of Reloading data :- 
α       MPa        4.32         6.61         5.90         

 β                      0.853       0.833       0.785        
 
Shear Modulus GS (at 2 levels of shear strain) :- 
  
 (0.01%)   MPa      16.7         30.8         42.7       
 (0.1%)   MPa      11.9         21.0         26.0       
 
 

 Test Analysed By :- PGH 
                                                                                          Date :- March 2011 
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 B1T3  05/04/06         8.0m  Clay and gravel 

 
1. Test record sheet 

2. Results summary 

3. Plot of expansion versus pressure – all arms 

4. Plot of expansion versus pressure – arm average 

5. Plot of expansion versus pressure – arm pairs 

6. Plot of expansion versus pressure – odd & even arms 

7. Plot of Marsland and Randolph procedure 

8. Plot of cavity strain versus pressure, using strain zero from M&R 

9. Gibson and Anderson plot, giving Cu and PL from loading curve 

10. Jefferies plot, giving Cu from unloading curve 

11. Hughes plot, giving peak friction angle and dilation 

12. Plot of Reload Loop 1, with linear modulus line 

13. Plot of Reload Loop 2, with linear modulus line 

14. Plot of Reload Loop 3, with linear modulus line 

15. Bolton and Whittle plot of reloading part of Loop 1, giving nonlinearity 
coefficients 

16. Ditto for Loop 2 

17. And again for Loop 3 

18. Plot of Shear modulus versus Shear strain for all reload loops 

19. Plot of strain versus pressure, with computed curve and field data 

20. Plot of measured and calculated curves, from Carter et al 

Note that these last two plots are included, even though the results obtained are not shown  
on the summary sheet. The material is a mixture, and no one model fits properly. 





HIGH PRESSURE DILATOMETER                    RESULTS SUMMARY SHEET 
 

Weak Rock Self-boring Pressuremeter and High Pressure Dilatometer Tests                                    
Cambridge Insitu Ltd                                                                                      March 2011 

Site:- Ruritania             Test :- B1T3              Test Date :- 5th April 2006 
                                                                                                                                            
Material :- Clay & gravel                    Depth :- 8.0 mtrs        Water table :-  ~ 11m 
---------------------------------------------------------------------------------------------------------------------- 
Analysis of Insitu Lateral Stress (Po) :-                                                                                
         Arm Av.   
Marsland and Randolph          kPa       340   
Strain zero   mm       1.4  
                                                                                                                                           
Analysis of Undrained Shear Strength (Cu) :-                                                                                                
 
Gibson and Anderson             kPa           323 
Pressure at failure (PF)            kPa           470 
Limit Pressure (PL)                 kPa         1086 
Jefferies (unloading)  kPa           105 
 
Strength of Sands Analysis (Hughes, Wroth & Windle) 
 
Friction angle at const. vol. deg            24  (assumed)  
Angle of Friction  deg            35.5  
Angle of Dilation  deg            13.1 
 
Note that the curve matching technique, based on the equations of Carter et al, predicts zero dilation. 
This is a consequence of the much larger strain zero required to get a reasonable match.  
 
Analysis of Shear Modulus (G) :-                                                                                      
 
Initial Modulus  (Gi)              MPa         1.0  
                                                                                                                                          
Linear Analysis of Reload Loops (GR) :-                                                                      

 
     Loop 1     Loop 2     Loop 3      

GR      MPa        16.3         23.4         25.5        
Pressure at start  kPa     510          670          370         
Depth of unload  kPa     170        215         -185         
 
Non-linear Analysis of Reloading data :- 
α       MPa        1.91         3.08         3.94         

 β                      0.649       0.670       0.649        
 
Shear Modulus GS (at 2 levels of shear strain) :- 
  
 (0.01%)   MPa      48.4         64.5         99.9       
 (0.1%)   MPa      21.6         30.1         44.5       
 
 

 Test Analysed By :- PGH 
                                                                                          Date :- March 2011 
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 B1T4  07/04/06         10.0m  Coarse sand 

 
1. Test record sheet 

2. Results summary 

3. Plot of expansion versus pressure – all arms 

4. Plot of expansion versus pressure – arm average 

5. Plot of all pressure cells versus time 

6. Plot of Marsland and Randolph procedure 

7. Hughes plot, giving peak friction angle and dilation 

8. Jefferies plot, giving Cu from unloading curve 

9. Plot of Reload Loop 1, with linear modulus line 

10. Plot of Reload Loop 2, with linear modulus line 

11. Plot of Reload Loop 3, with linear modulus line 

12. Plot of Reload Loop 4, with linear modulus line 

13. Bolton and Whittle plot of reloading part of Loop 1, giving nonlinearity 
coefficients 

14. Ditto for Loop 2 

15. And again for Loop 3 

16. And Loop 4 

17. Plot of Shear modulus versus Shear strain for all reload loops 

18. Plot of measured and calculated curves, from Carter et al 

Note that this last plot is included, even though the results obtained are not shown on the 
summary sheet. The friction angle obtained is almost identical to that from the Hughes plot. 

 





SELF-BORING PRESSUREMETER RESULTS SUMMARY SHEET 
 
 

Site:- Ruritania Test :- B1T4 Test Date :- 7th April 2006 
 

Material :- Coarse sand 
 

Depth :- 10.0 mtrs 
 

Water table :-  ~11 mtrs 
---------------------------------------------------------------------------------------------------------------------- 

 
Analysis of Insitu Lateral Stress (Po) :- 

Arm Av. 
Marsland and Randolph kPa 147 
Zero offset mm 0.84 

 

Analysis of Undrained Shear Strength (Cu) :- 
 

Pressure at failure (PF) kPa 380 
Jefferies (unloading) kPa 195 

 

Strength of Sands Analysis (Hughes, Wroth & Windle) 
 

Friction angle at const. vol. deg 30 (assumed) 
Angle of Friction deg 44.0  
Angle of Dilation deg 17.4  

 

Analysis of Shear Modulus (G) :- 
 

Initial Modulus (Gi) MPa 9.6 
 

Linear Analysis of Reload Loops (GR) :- 
 

Loop 1   Loop 2   Loop 3   Loop 4 
GR 

Co-ordinate :- 
MPa    26.6    44.9    51.4    74.8 

Strain % -0.1 1.25 3.8 13.3 
Pressure MPa 0.1 0.2 0.4 0.8 
Amplitude :-      
Strain % 0.37 0.29 0.43 0.38 
Pressure MPa 0.10 0.13 0.22 0.29 

 

Non-linear Analysis of Reloading data :- 
α MPa 10.4 17.2 22.3 28.8 
β  0.858 0.852 0.859 0.845 

 

Shear Modulus GS (at 3 levels of shear strain) :- 
 

(0.01%) MPa 39 67 82 120 
(0.1%) MPa 28 48 59 84 
(1%) MPa 20 34 43 59 

 
 

Test Analysed By :- PGH 
Date :- April 2006 
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 B1T5  08/04/06         20.0m  Grey Clay 

 
1. Test record sheet 

2. Results summary 

3. Plot of expansion versus pressure – all arms 

4. Plot of expansion versus pressure – arm average 

5. Plot of all pressure cells versus time 

6. Plot of Marsland and Randolph procedure 

7. Gibson and Anderson plot, giving Cu and PL from loading curve 

8. Jefferies plot, giving Cu from unloading curve 

9. Plot of Reload Loop 1, with linear modulus line 

10. Plot of Reload Loop 2, with linear modulus line 

11. Bolton and Whittle plot of reloading part of Loop 1, giving nonlinearity 
coefficients 

12. Ditto for Loop 2 

13. Plot of Shear modulus versus Shear strain for all reload loops 

14. Plot of strain versus pressure, with computed curve and field data 

15. Holding test simulation plot – matching the start of the decay 

16. Ditto – matching the whole decay 





WEAK ROCK SELF-BORING PRESSUREMETER                   RESULTS SUMMARY SHEET 

Weak Rock Self-boring Pressuremeter and High Pressure Dilatometer Tests                                    
Cambridge Insitu Ltd                                                                                      March 2011 

 
Site:- Ruritania                            Test :- B1T5                          Test Date :- 8th April 2006 
Material :- Grey clay            Depth :- 20.0 mtrs         Water table :- ~ 11 mtrs 
---------------------------------------------------------------------------------------------------------------------- 
Initial Pore Water Pressure :-  PPC A  PPC B 
    kPa   775    805 
 
Analysis of Insitu Lateral Stress (Po) :- 
   Arm 1 Arm 2 Arm 3 Average   Curve matching procedure 
Lift-off kPa   960   975  1010     982    
Marsland & Randolph          kPa     1000  Po  =    780 kPa        
Zero offset   mm    -0.01   O/s  =   0.01 mm 
                                                                                                                                           
Analysis of Undrained Shear Strength (Cu) :-                                                                                                
Gibson and Anderson             kPa       235  Cu  =    225 kPa                        
Pressure at failure (PF)            kPa         1090                                                                     
Limit Pressure (PL)                 kPa     2115  PL  =  2090 kPa                
Jefferies (unloading)  kPa      225 
                                                                                                        
Analysis of Shear Modulus (G) :-                                                                                      
Initial Modulus  (Gi)              MPa     19.9 
Linear Analysis of Reload Loop (GR) :-                                                                      

    Loop 1   Loop 2    
GR      MPa      29.8       26.7        
Co-ordinate :-  
 Strain      %     0.7       1.7       
 Pressure    kPa  1070      1175              
Amplitude :- 
 Strain      %   0.87     1.12      
 Pressure    kPa    260      300       
 
Non-linear Analysis of Reloading data :- 
α                      MPa       4.43       4.26            αααα  =    4.17 MPa       
 β                     0.674     0.672         ββββ  =  0.672  
 
Shear Modulus GS (at 3 levels of shear strain) :- 
 (0.01%)   MPa      89          87  G0.01%  =      85 MPa 
 (0.1%)   MPa      42        41             G0.1%  =      40 MPa 
 (1%)    MPa      20         19             G1%  =      19 MPa 
        GMIN  =     17.3  MPa 
Analysis of Holding test :-      at 1.3 % shear strain 
     Initial Whole decay 
 CH   m2/yr   18.5    25.3 
 kH  x 10-10 m/s     1.1      1.7 
         
Constant flow Permeameter test :- 
       0mm       200mm     400mm 
 km  x 10-10 m/s 1.4 – 2.7   2.7 – 3.7         -  

         Test Analysed By :- PGH 
                                                                                          Date :- August 2006 
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 B1T6  10/04/06         25.0m  Grey Clay 

 
1. Test record sheet 

2. Results summary 

3. Plot of expansion versus pressure – all arms 

4. Plot of expansion versus pressure – arm average 

5. Plot of all pressure cells versus time 

6. Plot of Marsland and Randolph procedure 

7. Gibson and Anderson plot, giving Cu and PL from loading curve 

8. Jefferies plot, giving Cu from unloading curve 

9. Plot of Reload Loop 1, with linear modulus line 

10. Plot of Reload Loop 2, with linear modulus line 

11. Plot of Reload Loop 3, with linear modulus line 

12. Plot of Reload Loop 4, with linear modulus line 

13. Bolton and Whittle plot of reloading part of Loop 1, giving nonlinearity 
coefficients 

14. Ditto for Loop 2 

15. And for Loop 3 

16. And Loop 4 

17. Plot of Shear modulus versus Shear strain for all reload loops 

18. Plot of strain versus pressure, with computed curve and field data 

19. Plot of Hold 1, showing pressure and expansion 

20. Plot of creep against log time, with final trend line for Hold 1 

21. Plot of Hold 2, showing pressure and expansion 

22. Plot of creep against log time, with final trend line for Hold 2 

 





WEAK ROCK SELF-BORING PRESSUREMETER                   RESULTS SUMMARY SHEET 

Weak Rock Self-boring Pressuremeter and High Pressure Dilatometer Tests                                    
Cambridge Insitu Ltd                                                                                      March 2011 

 
Site:- Ruritania                                  Test :- B1T6                        Test Date :- 10th April 2006 
                                                                                                                                            
Material :- Grey clay    Depth :- 25.0 mtrs    Water table :- ~11 mtrs 
---------------------------------------------------------------------------------------------------------------------- 
      PPC A      PPC B 
Initial water pressure  kPa    102        558 
 
Analysis of Insitu Lateral Stress (Po) :-    
          Curve matching procedure 

Average    
Marsland and Randolph          kPa     1000   Po  =    890 kPa        
Zero offset   mm     0.00   O/s  =   0.02 mm 
                                                                                                                                           
Analysis of Undrained Shear Strength (Cu) :-                                                                                                
Gibson and Anderson             kPa       630   Cu  =    591 kPa                       
Pressure at failure (PF)            kPa         1446                                                                     
Limit Pressure (PL)                 kPa     4498   PL  =  4380 kPa                
Jefferies (unloading)  kPa      592 
                                                                                                        
Analysis of Shear Modulus (G) :-                                                                                      
Initial Modulus  (Gi)              MPa        70.1 
 
Linear Analysis of Reload Loops (GR) :-                                                                      

   Loop 1  Loop 2  Loop 3  Loop 4      
GR     MPa      79.4      64.7      75.2       66.8  
Co-ordinate :-  
 Strain     %    2.1     7.1          10        8.7    
 Pressure   kPa  2000    2330      1980     1370 
Amplitude :- 
 Strain     %  0.85   1.10       0.78      0.98      
 Pressure   kPa   680    720        590       660 
 
Non-linear Analysis of Reloading data :- 
α                     MPa      14.9      13.8       11.2      9.52      α  =   13.7 MPa       

 β                   0.709    0.701     0.668    0.658  β  =  0.701        
 
Shear Modulus GS (at 3 levels of shear strain) :- 
 (0.01%)  MPa   218    217      238       222  G0.01%  =   215 MPa 
 (0.1%)  MPa   112    109      111       101 G0.1%  =   108  MPa 
 (1%)   MPa     57      55          52         46 G1%  =     54 MPa 
         GMIN  =   52.2  MPa 
Creep :-         at 1.1% shear strain 

    Hold 1    Hold 2          
Pressure of hold MPa     2.3          2.7       
Time of hold  mins       4          3                      
Rate εs (=dε/dlogt)   %     0.8          5.2       
         Test Analysed By :- PGH 
                                                                                           Date :- August 2006 
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Weak Rock Self-boring Pressuremeter and High Pressure Dilatometer Tests                                    
Cambridge Insitu Ltd                                                                                      March 2011 

 
 
 B1T7  12/04/06 37.5m  Silty sand 

 
1. Test record sheet 

2. Results summary 

3. Plot of expansion versus pressure – all arms 

4. Plot of expansion versus pressure – arm average 

5. Plot of expansion versus pressure – arm pairs 

6. Plot of expansion versus pressure – odd and even arms 

7. Plot of all pressure cells versus time 

8. Plot of Marsland & Randolph procedure 

9. Hughes plot, giving peak friction angle and dilation 

10. Jefferies plot, giving Cu from unloading curve 

11. Plot of Reload Loop 1, with linear modulus line 

12. Plot of Reload Loop 2, with linear modulus line 

13. Plot of Reload Loop 3, with linear modulus line 

14. Plot of Reload Loop 4 with linear modulus line 

15. Plot of Reload Loop 5 with linear modulus line 

16. Bolton and Whittle plot of reloading part of Loop 1, giving nonlinearity 
coefficients 

17. Ditto for Loop 2 

18. And again for Loop 3 

19. And Loop 4 

20. And Loop 5 

21. Plot of Shear modulus versus Shear strain for all reload loops 

22. Plot of measured and calculated curves, from Carter et al 

23. Ditto, using different parameters to get a similar match 
 
This is one of the problems with this procedure. 





SELF BORING PRESSUREMETER                         RESULTS SUMMARY SHEET 

Weak Rock Self-boring Pressuremeter and High Pressure Dilatometer Tests                                    
Cambridge Insitu Ltd                                                                                      March 2011 

Site:- Ruritania             Test :- B1T7             Test Date :- 12th April 2006 
Material :- Silty sand         Depth (m) :- 37.5              Water table (m) :-  ~11m 
---------------------------------------------------------------------------------------------------------- 
Analysis of Insitu Lateral Stress (Po) :-                                                                                
        Arm Av.     
Marsland and Randolph          MPa      1.70 
   (Iterative Analysis)                                                                                                          
 
Analysis of Undrained Shear Strength (Cu) :-                                                                                                
 
Jefferies (unloading)   MPa      1.85 
 
Pressure at failure (Pf)  MPa        4.2                                                                                                                   
 
Strength of Sands Analysis (Hughes, Wroth & Windle) 
 
Friction angle at const. vol.  deg              32  (assumed)  
 
Angle of Friction   deg           47.3    
Angle of Dilation   deg           19.6   
 
Analysis of Shear Modulus (G) :-                                                                                      
                                                                                                                                          
Initial Modulus  (Gi)               MPa       130 
 
Reload loops :- 
                                                                                                                                          
Linear analysis      Loop 1       Loop 2      Loop 3      Loop 4      Loop 5 
                                                                                                                                           
Reload Modulus (Gr)  MPa     313           354      394            396            454      
Pressure at start  MPa     1.50           2.51    3.51          4.73           6.97 
Depth of unload  MPa    0.60           0.98           1.02          1.25           1.47 
 
Non-linear analysis 
 
Non-linearity coeff. (β)    0.916         0.839         0.809         0.787         0.754    
Shear stress coeff.   (α) MPa      157            117            105            100           89.5   
 
Secant shear modulus (Gs) 
 0.01% shear strain MPa      340            515            612            710            863 
   0.1%   “        “ MPa      280            355            394            435            490 
      1%   “        “ MPa      231            245            254            266            278 
 
Values at 1% are unlikely to be reached because the material will have failed by then. 
 
 
 

 
    Test Analysed By :- PGH 

                                                                                        Date :- February 2011 
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Weak Rock Self-boring Pressuremeter and High Pressure Dilatometer Tests                                    
Cambridge Insitu Ltd                                                                                      March 2011 

 
 
 B1T8  07/05/06 50.8m  Chalk (with flints) 

 
1. Test record sheet 

2. Results summary 

3. Plot of expansion versus pressure – all arms 

4. Plot of expansion versus pressure – arm average 

5. Plot of expansion versus pressure – arm pairs 

6. Plot of expansion versus pressure – odd and even arms 

7. Plot of Marsland & Randolph procedure 

8. Plot of cavity strain versus pressure, using the strain zero from 
the previous plot 

9. Gibson and Anderson plot, giving Cu and PL from loading curve 

10. Jefferies plot, giving Cu from unloading curve 

11. Hughes plot, giving peak friction angle and dilation 

12. Plot of Reload Loop 1, with linear modulus line 

13. Plot of Reload Loop 2, with linear modulus line 

14. Plot of Reload Loop 3, with linear modulus line 

15. Bolton and Whittle plot of reloading part of Loop 1, giving nonlinearity 
coefficients 

16. Ditto for Loop 2 

17. And again for Loop 3 

18. Plot of Shear modulus versus Shear strain for all reload loops 

19. Hughes plot, showing zero dilation at large strain 

Note that although the material is basically frictional, when it fails it does so at 
constant volume. 





HIGH PRESSURE DILATOMETER                    RESULTS SUMMARY SHEET 

Weak Rock Self-boring Pressuremeter and High Pressure Dilatometer Tests                                    
Cambridge Insitu Ltd                                                                                      March 2011 

Site:- Ruritania             Test :- B1T8              Test Date :- 7th May 2006 
                                                                                                                                            
Material :- Chalk                          Depth :- 50.8 mtrs        Water table :-  ~ 11m 
---------------------------------------------------------------------------------------------------------------------- 
Analysis of Insitu Lateral Stress (Po) :-                                                                                
         Arm Av.   
Marsland and Randolph          MPa        3.7   
Strain zero   mm       2.1  
                                                                                                                                           
Analysis of Undrained Shear Strength (Cu) :-                                                                                                
 
Gibson and Anderson             MPa         4.27 
Pressure at failure (PF)            MPa         5.50 
Limit Pressure (PL)                 MPa         26.2 
Jefferies (unloading)  MPa         3.68 
 
Strength of Sands Analysis (Hughes, Wroth & Windle) 
 
Friction angle at const. vol. deg            25  (assumed)  
Angle of Friction  deg            37.2  
Angle of Dilation  deg            14.2  
 
Analysis of Shear Modulus (G) :-                                                                                      
 
Initial Modulus  (Gi)              MPa       330   
                                                                                                                                          
Linear Analysis of Reload Loops (GR) :-                                                                      

 
     Loop 1     Loop 2     Loop 3      

GR      GPa        1.02         1.07         1.03        
Pressure at start  MPa    5.91         10.4         13.4         
Depth of unload  MPa    1.96       3.58         4.74         
 
Non-linear Analysis of Reloading data :- 
α       MPa         323          367          366         

 β                      0.843       0.842       0.838        
 
Shear Modulus GS (at 2 levels of shear strain) :- 
  
 (0.01%)   GPa      1.37         1.57         1.63       
 (0.1%)   GPa      0.96         1.09         1.12       
 
 

 Test Analysed By :- PGH 
                                                                                          Date :- Sept 2009 
 
 





































Weak Rock Self-boring Pressuremeter and High Pressure Dilatometer Tests                                    
Cambridge Insitu Ltd                                                                                      March 2011 

 
 
 
 
 B1T9  10/05/06 67.6m  Limestone 

 
1. Test record sheet 

2. Results summary 

3. Plot of expansion versus pressure – all arms 

4. Plot of expansion versus pressure – arm average 

5. Plot of expansion versus pressure – arm pairs 

6. Plot of expansion versus pressure – odd and even arms 

7. Plot of Marsland & Randolph procedure 

8. Plot of cavity strain versus pressure  

9. Plot of Gibson & Anderson procedure, giving Cu and PL 

10. Jefferies plot, giving Cu from unloading curve 

11. Plot of Reload Loop 1, with linear modulus line 

12. Plot of Reload Loop 2, with linear modulus line 

13. Plot of Reload Loop 3, with linear modulus line 

14. Plot of Reload Loop 4 with linear modulus line 

15. Plot of Reload Loop 5 with linear modulus line 

16. Hughes plot, giving peak friction angle 

17. Plot of Shear Stress versus Normal Stress, showing Friction Angle, 
obtained from the Manassero procedure  

18. Plot of measured and calculated curves, from Carter et al 

 





HIGH PRESSURE DILATOMETER                                RESULTS SUMMARY SHEET 

Weak Rock Self-boring Pressuremeter and High Pressure Dilatometer Tests                                    
Cambridge Insitu Ltd                                                                                      March 2011 

Site:- Ruritania             Test :- B1T9                    Test Date :- 10th May 2006 
                                                                                                                                            
Material :- Limestone       Depth :- 67.6 mtrs    Water table :- ~11 mtrs 
---------------------------------------------------------------------------------------------------------------------- 
 
Analysis of Insitu Lateral Stress (Po) and Cohesion (C) :-        
              Po  C    Po + C 
Marsland and Randolph           MPa        -   -      5.00 
Carter et al    MPa    3.10           1.85      4.95 
Borehole diameter   mm  101.7      
                                                                                                                                           
Analysis of Undrained Shear Strength (Cu) :-                                                                                                
Pressure at failure (PF)             MPa        8.01                                                                   
Jefferies (unloading)   MPa      2.65 
Gibson & Anderson (loading)  MPa      4.58 
Limit pressure (PL)   MPa      36.4 
                                                                                                        
Strength of Sands Analysis  :- 
           ϕcv  ϕpk     dilation 
Hughes, Wroth & Windle  deg      (43)   45             2.8 
Carter et al    deg        “    “         “ 
 
Analysis of Shear Modulus (G) :-                                                                                      
Initial Modulus  (Gi)                GPa      1.92 
Yield Modulus (Carter et al)   GPa      2.15 
                                                                                                                                          
Linear Analysis of Reload Loops (GR) :-                                                                      

     Loop 1   Loop 2   Loop 3   Loop 4   Loop 5 (on unloading) 
GR        GPa       0.23       0.78       1.55        3.01       4.05 
Pressure at start   MPa       1.38       2.16       3.10        6.15       7.77 
Depth of unload   MPa       0.51       0.59       0.87        1.54      -2.75 
 
 

  Test Analysed By :- PGH 
                                                                                           Date :- July 2010 
 
Note that the results of the Carter et al curve matching have been included, because of the good  
agreement with more traditional methods. 
ϕcv has been estimated from the Manassero plot.  































S
h

ea
r 

st
re

ss
 v

s 
N

o
rm

al
 s

tr
es

s

0

10
00

20
00

30
00

40
00

50
00

60
00

70
00

80
00

0
20

00
40

00
60

00
80

00
10

00
0

12
00

0
14

00
0

N
o

rm
al

 s
tr

es
s 

(k
P

a)

Shear stress (kPa)

Lo
ad

U
nl

oa
d

F
ric

tio
n 

an
gl

e

F
ric

tio
n 

A
ng

le
 : 

 4
3.

0 
D

eg
D

ila
tio

n 
A

ng
le

 : 
0.

0 
D

eg

B
1T

9
67

.6
0m

B
G

L
M

ay
 1

0,
 2

00
6



C
ar

te
r 

et
 a

l 1
98

6 
- 

T
o

ta
l p

re
ss

u
re

 v
s 

C
av

it
y 

st
ra

in

0

20
00

40
00

60
00

80
00

10
00

0

12
00

0

14
00

0

16
00

0

0.
0

0.
1

0.
1

0.
2

0.
2

0.
3

0.
3

0.
4

0.
4

0.
5

0.
5

C
av

it
y 

st
ra

in
 (

%
)

Total pressure (kPa)

M
ea

su
re

d

C
al

cu
la

te
d

B
1T

9
67

.6
0m

B
G

L
M

ay
 1

0,
 2

00
6

U
o 

(k
P

a)
  :

 6
50

P
o 

(k
P

a)
  :

 3
10

0
C

 (
kP

a)
   

: 1
85

0
P

hi
 c

v 
(°)

 : 
43

P
hi

 p
k 

(°)
 : 

45
G

yi
el

d 
(M

P
a)

   
: 2

15
1

N
on

-li
ne

ar
ity

  :
 1

.0
0

Ja
nb

u 
ex

po
ne

nt
 : 

1.
23

P
oi

ss
on

s 
R

at
io

 : 
0.

50



Weak Rock Self-boring Pressuremeter and High Pressure Dilatometer Tests                                    
Cambridge Insitu Ltd                                                                                      March 2011 

 
 
 B1T10  11/05/06 80.4m  Phyllite 

 
1. Test record sheet 

2. Results summary 

3. Plot of expansion versus pressure – all arms 

4. Plot of expansion versus pressure – arm average 

5. Plot of expansion versus pressure – arm pairs 

6. Plot of expansion versus pressure – odd and even arms 

7. Plot showing the initial modulus line 

8. Plot of Reload Loop 1, with linear modulus line 

9. Plot of Reload Loop 2, with linear modulus line 

10. Plot of Reload Loop 3, with linear modulus line 

Note that as the material does not fail, this is all that can be determined. 





HIGH PRESSURE DILATOMETER                                RESULTS SUMMARY SHEET 

Weak Rock Self-boring Pressuremeter and High Pressure Dilatometer Tests                                    
Cambridge Insitu Ltd                                                                                      March 2011 
 

Site:- Ruritania             Test :- B1T10             Test Date :- 11th May 2006 
                                                                                                                                            
Material :- Phyllite       Depth (m) :- 80.4              Water table (m) :-  ~11m   
---------------------------------------------------------------------------------------------------------------------- 
 
                                                           
Analysis of Shear Modulus (G) :-                                                                                      
Initial Modulus  (Gi)                GPa      10.5 
 
                                                                                                                                          
Linear Analysis of Reload Loops (GR) :-                                                                      

     Loop 1   Loop 2   Loop 3    
GR       GPa        5.22       7.24       9.31              
Pressure at start   MPa       7.66     11.75     15.90              
Depth of unload   MPa       3.42       5.39       8.01 
 
 
 Reload loops lie on main curve. Linear response after Loop 3.              
 
 
 

  Test Analysed By :- PGH 
                                                                                           Date :- February 2011 
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