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1.0 INTRODUCTION 

In Situ Site Investigation Limited (In Situ) was engaged in a geotechnical site investigation at 

Cardigan Tidal Flood Risk at the request of Central Alliance.  The site investigation consisted 

of completing 10 Static Piezocone Penetration Tests (CPTU), and 11 Dissipation Tests to 

provide information on the soil conditions and derived geotechnical parameters at: 

Gloster Row long stay carpark 

Cardigan 

SA43 1DL 

 

All test locations were provided by the client. A site map is included in the end of Appendix A 

of this report (if provided by the client). The tests were stopped when they reached the target 

depth as per the client’s technical specifications or for other technical reasons, as detailed in 

the Project Summary Table in Appendix A.1 and on each CPTU log included in Appendix B of 

this report. 

 

The fieldwork was carried out from 22nd March 2022 to 24th March 2022 as per the client’s 

request.  

 

The work on site and the final factual reporting have been undertaken in accordance with the 

international technical standard BS EN ISO 22476-1:2012. 

 



 
working with 

 
 

Cardigan Tidal 
Flood Risk 

Management 

 

   Report No. 1220236 

insitusi.com Fieldwork Date 25/03/2022 
Page | 6 

 

2.0 FIELDWORK 

2.1 CONE PENETRATION TESTS 

The fieldwork activity is summarised in Table 2.1. 

Table 2.1 Fieldwork Summary 

CPT Operator/s Ian Musson & Dave Roberts 

Date Started 22nd March 2022 

Date Finished 24th March 2022 

In Situ S.I. Project Manager Darren Ward 

Main Contractor’s Site Manager Oliver Dustan 

2.1.1 Rig Information 

Details of CPTU rig used in this project are shown in Table 2.2. Full data sheet for the rig is 

presented in Appendix A.2. 

Table 2.2 Rig Summary 

Rig Name Rig Description 

CPT020 1.5 Tonne Track Mounted CPT Rig 

2.1.2 CPTU Cone 

Details of electric CPTU cone (Type TE2) used in this project conforming to the requirements 

of Application Class 2 of ISO 22476-1:2012, are shown in Table 2.3.   

Table 2.3 Cone Summary 

Number Cross-section area Filter position 

S15-CFIP.1360 15cm2 u2 

A full datasheet of the cone used is shown in Appendix A.3.  

The cone’s measured parameters are shown in Table 2.4. 

Table 2.4 Completed Fieldwork Summary 

10 CPTU to a maximum depth of 6.15m.  Each test measured Cone Resistance, qc, Sleeve 

Friction, fs, Porewater Pressure in the shoulder position, u2, Inclination in X and Y axes. 

Provision of factual report with estimated soil type, derived geotechnical parameters & AGS data file. 
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2.1.3 CPTU Cone Calibration 

The cone resistance and sleeve friction are recorded by calibrated load cells in the cone.  The 

CPTU load cells and pressure transducers are regularly calibrated in line with ISO 22476-

1:2012 standard by the cone manufacturer.  The cone calibration certificate for the cone used 

at this site are presented in Appendix A.4. 

2.1.4 CPTU Cone Saturation 

The pore water pressure is recorded using a calibrated pressure transducer located in the 

piezocone.  To ensure pore water pressure measurements are not affected by the presence 

of air in the measuring transducer, a de-airing procedure is carried out prior to each test.  The 

cone and filter are saturated using a glycerine fluid with a viscosity of 10,000 CST.   

2.1.5 Test Procedure 

The tests are carried out in accordance with the International Standard for Electrical Cone and 

Piezocone Penetration Test (ISO 22476-1:2012). 

 

The final depths of the tests were determined by either completion to the specified test depth 

or when the maximal safe capacity of the equipment was reached.  A schedule of the tests 

performed is shown in Appendix A.1, which has been compiled from the operators’ daily 

progress reports. 

 

The data is transmitted from the digital CPTU through an umbilical cable that runs through the 

push rods to the data acquisition system.  Results are displayed instantaneously on the 

computer logging screen.  The results are recorded on the computer hard disc. 

 

The rate of penetration is kept constant at 20 mm/s ± 5 mm/s except when penetrating very 

dense or hard strata.  Before each test is carried out zero values are taken of the cone to 

check if it is within calibration.  At the end of each test, zero values are taken again to see if 

there has been any drift during the test.  These values are inspected during the post 

processing stage. This is a quality check on the data and the testing procedure.  Individual 

test zero values are shown on their corresponding test results in Appendix B. 

2.1.6 In Situ Pore Pressure (u0) 

The in situ or hydrostatic pore pressure is required for the calculation of several derived 

parameters included in this report. The ground water depth for this project is set at 0.0m. The 

in situ pore pressure (u0) values are presented on the pore pressure plot, on CPT Log 01, 

which is included in Appendix B.   
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2.2 POSITIONING 

Positioning and surveying of all investigated locations was the responsibility of the client.  The 

site map and position of the tests are presented in Appendix A.9. 

 

2.3 DISSIPATION TESTS 

As per the client’s request 11 dissipation tests were performed at the required depth.   

A summary table of the dissipation tests is presented in Appendix A1. 

 

The dissipation test is carried out by pausing the penetration at a point when there is excess 

porewater pressure.  This excess pore pressure generated around the cone will then start to 

dissipate, and the decay of pore pressure with time is recorded.  The rate of dissipation 

depends upon the coefficient of consolidation, which in turn depends on the compressibility 

and permeability of the soil and on the diameter of the probe.  It is common to record the time 

to reach 50% dissipation, t50.  If the equilibrium pore pressure is required, the dissipation test 

is continued until no further dissipation is observed.  This can occur rapidly in sands, but may 

take many hours in plastic clays. If t50 is not reached, due to soils’ conditions, t40, t30 or t20 are 

calculated. The calculation procedures for dissipation tests are explained in Section 4.16 of 

this report.  

 

The data recorded from the dissipation tests on site is used to calculate the consolidation 

characteristics, as shown in Dissipation Test Graphs, Appendix B. 
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3.0 CONE PENETRATION MEASURED PARAMETERS 

All measured parameters of tests carried with the CPTU cone are shown in Appendix B and 

all the information about data processing and results are given in sections 3.1, 3.2 and 3.3.   

 

3.1 DATA PROCESSING 

The measured parameters, cone end resistance, qc, sleeve friction, fs, porewater pressure 

measurements with filter in shoulder position, u2 and inclination for x and y axis, Ix, Iy, were 

recorded for every 10 mm of penetration keeping a constant speed of 20 mm/s ± 5 mm/s, 

which may slightly change when the cone is penetrating hard strata. 

 

The measured data from the site works is processed and presented using specialised CPT 

software. The interpretations on the CPTU results were carried out following the 

recommendations of Lunne et al. (1997), Robertson (2015) and BS EN ISO 22476-1:2012.  

Measured parameters, mentioned in Sections 3.2 and 3.3, were used to derive all the 

geotechnical parameters, which are presented in Chapter 4.0.  The soil behaviour type method 

used on this report is Robertson et al. (1986), shown in Figure 3.2.   

3.1.1 Zero Measurements 

Before and after each CPTU test, zero measurements are recorded for each channel of the 

cone.  The zero measurements are presented on the logs in Appendix B.  This is a routine 

quality check carried out on site. 

 

3.2 MEASURED PARAMETERS 

3.2.1 Cone Resistance (qc) 

Cone resistance, qc, is measured as the total force acting on the cone, divided by the projected 

area of the cone.  The results are presented in MPa, on CPT Log 01, in Appendix B, scale 0-

20 MPa with a minor scale printing on the same graph at 0-4 MPa. 

3.2.2 Sleeve Friction (fs) 

Sleeve friction, fs, is measured as the total frictional force acting on the friction sleeve divided 

by its surface area.  The results are presented in kPa, on CPT Log 01, in Appendix B, using a 

scale of 0-500 kPa. 
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3.2.3 Porewater pressure (u2) 

The pore pressure, u2, is measured during the test.  If the material is free draining and 

saturation is maintained it will normally measure hydrostatic pore pressure.  In materials that 

are not free draining, it will record the total pore pressure (hydrostatic plus any excess pore 

pressures generated) created by the cone penetration through this material.   

 

The filter element can be mounted in one of three positions.  For all tests carried out in this 

project the filter was mounted in the u2 position (see Figure 3.1).   

 

 

 

 

 

 

Figure 3.1:  Diagram showing pore pressure filter locations (after Lunne et al., 1997) 

3.2.4 Inclination (Ix, Iy) 

The CPT rig was set up to obtain a thrust direction as near as possible to vertical.  The CPTU 

cones have inclinometers incorporated to measure the non-verticality of the test.  For test 

depths less than 15 m, significant non-verticality is unusual, provided the initial thrust direction 

is vertical. 

 

3.3 ESTIMATED SOIL BEHAVIOUR TYPE  

3.3.1 Friction Ratio (Rf) 

The friction ratio, Rf is the ratio between the sleeve friction and the cone resistance (Lunne et 

al., 1997). 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹 �𝑅𝑅𝑓𝑓� = � 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 (𝑓𝑓𝑠𝑠)𝐶𝐶𝐹𝐹𝐹𝐹𝑆𝑆 𝑅𝑅𝑆𝑆𝑅𝑅𝐹𝐹𝑅𝑅𝐹𝐹𝑅𝑅𝐹𝐹𝐹𝐹𝑆𝑆 (𝑞𝑞𝑐𝑐)
� × 100 

3.3.2 Estimated Soil Behaviour Type (SBT) 

The estimation of soil behaviour type, SBT, using measurements of cone resistance and 

sleeve friction is based upon the variations of the friction ratio and cone resistance.  The friction 

Cone 

Penetrometer 

Friction Sleeve 

Cone u1 

u2 

u3 
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ratio varies depending upon whether the soil is cohesive or granular.  The cone resistance 

varies depending on the strength and densities of the soil. 

 

The interpretation used in this report is Robertson et al. (1986), which is shown in Figure 3.2.  

The results are presented on CPT Log 01, in Appendix B. 

 

Figure 3.2:  Robertson et al., 1986 soil behaviour type chart. 

3.3.3 Pore Pressure Ratio (Bq) 

Pore pressure ratio, Bq is the ratio between the measured pore pressure generated during 

penetration and the corrected cone resistance minus the total overburden stress. 

Pore pressure ratio as defined by Senneset and Janbu (1985) is defined as: 

𝐵𝐵𝑞𝑞 =
𝑢𝑢2 − 𝑢𝑢0𝑞𝑞𝑡𝑡 − 𝜎𝜎𝑣𝑣𝑣𝑣 

where 
u2 is pore pressure measured between the cone and the friction sleeve 
u0 is equilibrium pore pressure 
σvo is total overburden stress 
qt is cone resistance corrected for unequal end area effects 
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3.4 APPLIED CORRECTIONS  

3.4.1 Corrected Cone Resistance (qt) 

For each penetration test, the measured cone resistance, qc, can be corrected for the ‘‘unequal 

area effect’’ due to the influence of the ambient pore water pressure acting on the cone. 

The correction has been applied using the following equation by Lunne et al., 1997: 𝑞𝑞𝑡𝑡 = 𝑞𝑞𝑐𝑐 + [𝑢𝑢2∙(1− 𝛼𝛼)] 

where 

α is the cone area ratio 
 

The cone used on this project has a cone area ratio of 0.79.  This value is geometrically 

measured. 

3.4.2 Depth Correction 

All tests in the report have been corrected for depth difference caused by inclination.  This has 

been calculated using the method described in ISO 22476-1:2012. 

 

To calculate the corrected depth the following formula is used: 

𝑧𝑧 = �𝐶𝐶𝑖𝑖𝑖𝑖𝑐𝑐 ∙ 𝑑𝑑𝑆𝑆𝑙𝑙
0  

where 
z is penetration depth, in m 
l  is penetration length, in m 
Cinc is correction factor for the effect of the inclination of the CPTU relative to the 

vertical axis. 
 
The equation for calculating the correction factor for the influence of the inclination for a bi-

axial inclinometer is: 𝐶𝐶𝑖𝑖𝑖𝑖𝑐𝑐 =
1�(1 + 𝐹𝐹𝑅𝑅𝐹𝐹2𝛽𝛽1 + 𝐹𝐹𝑅𝑅𝐹𝐹2𝛽𝛽2 

where 
β1 is the angle between the vertical axis and the projection of the axis of the CPTU 

on a vertical plane, in degrees 
β2 is the angle between the vertical axis and the projection of the axis of the CPTU 

on a vertical plane that is perpendicular to the plane of angle 𝛽𝛽1, in degrees 
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4.0 GEOTECHNICAL DERIVED PARAMETERS 

A number of empirical correlations can be used to derive geotechnical parameters from CPTU 

data.  This report includes only the parameters which are described in this chapter.  The results 

of all correlations used to obtain the geotechnical derived parameters are presented on CPT 

Log 02 and CPT Log 03 in Appendix B.   

Please, note that each empirical correlation is derived for a certain type of soil, and may 

not be appropriate for all the soil types encountered on this project. 

 

4.1 SOIL BEHAVIOUR TYPE INDEX (Ic) 

The soil behaviour type index, Ic, was derived by Jefferies and Davies (1991), and was created 

to simplify the application of CPTU SBT chart shown in Chapter 3, Figure 3.2.  This approach 

has been modified for use with the Robertson (1990) normalised CPT soil classification chart, 

Figure 4.1.  The normalised cone parameters Qt and Fr (for definitions see Appendix A5 

Symbol List) can be combined into one Soil Behaviour Type Index, Ic, (Lunne et al., 1997). 

  

Figure 4.1:  Robertson 1990 soil behaviour type chart. 
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The soil behaviour type index, Ic, can then be defined using Robertson (2010) formula, given 

below: 𝐼𝐼𝑐𝑐 = ((3.47− 𝑆𝑆𝐹𝐹𝑙𝑙𝑄𝑄𝑡𝑡)2 + (𝑆𝑆𝐹𝐹𝑙𝑙𝐹𝐹𝑟𝑟 + 1.22)2)0.5 
where 

Qt  is the normalized cone resistance which represents the simple normalization 
with a stress exponent (n) of 1.0, which applies well to clay-like soils  

FR  is the normalized friction ratio, in % 

 

The boundaries of soil behaviour type are then given in terms of the index, Ic, presented in 

Table 4.1 below.   

 

The soils behaviour type index does not apply to zones 1, 8 and 9.  The profiles of Ic provide 

a simple guide to the continuous variation of soil behaviour type in a given soil profile based 

on CPTU results, with a reliability greater than 80% compared with soil samples (Robertson, 

2015).   

Zone Soil Behaviour Type Ic 

1 Sensitive fine grained N/A 

2 Organic Soils – clay >3.6 

3 Clays – silty clay to clay 2.95 – 3.6 

4 Silt mixtures – clayey silt to silty clay 2.60 – 2.95 

5 Sand mixtures – silty sand to sandy silt 2.05 – 2.6 

6 Sands – clean sand to silty sand 1.31 – 2.05 

7 Gravelly sand to dense sand <1.31 

8 Very stiff sand to clayey sand* N/A 

9 Very stiff fine grained * N/A 

* Heavily over consolidated or cemented 

Table 4.1:  Normalized CPTU Soil Behaviour Type (SBTn) Index values, Ic.(Robertson, 2010) 
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4.2 N VALUE OF STANDARD PENETRATION TEST (SPT) (N60)  

The derived N value of SPT, N60, is strongly and directly related to the cone resistance, qc.   

 

In this report the N60 value is derived using the following correlations, developed by Robertson 

and Wride (1998) and Jefferies and Davies (1998)   

1) Robertson & Wride (1998) 𝑁𝑁60 =
𝑞𝑞𝑐𝑐

8.5 ∙ 𝑝𝑝𝑎𝑎 �1− 𝐼𝐼𝐶𝐶
4.6
� 

 

2) Jefferies and Davies (1993) 𝑁𝑁60 =
𝑞𝑞𝑐𝑐

0.85 ∙ �1− 𝐼𝐼𝐶𝐶
4.75

� 
where 
 qc is the cone resistance 
 pa is the atmospheric pressure equal to 100 kPa 
 Ic is the soil behaviour type index calculated as given in section 4.1 

It is suggested that this method provides a better estimation of the N value than the actual 

SPT test, due to its poor repeatability.  But in fine grained soil with high sensitivity these 

methods of estimating N60 may overestimate it (Jefferies and Davies, 1991).   

 

4.3 RELATIVE DENSITY (Dr) 

Relative density, Dr, is an intermediate parameter for coarse grained soils, widely used to 

describe sand deposits.  All the research on deriving the relative density from CPTU tests 

results are carried out for clean predominantly quartz sands.  The studies have shown that 

CPTU resistance in granular soils is controlled by sand relative density, in situ effective 

stresses and compressibility.  The more compressible sands tend to give lower penetration 

resistance for a given relative density then less compressible sands.   

 

In this report relative density is calculated using the methods suggested by Baldi et al., (1986), 

Jamiolkowski et al., (2001) and Kulhawy and Mayne (1990) as shown in the equations below: 

1) Baldi et al., (1986) 

𝐷𝐷𝑟𝑟 =
1𝐶𝐶2 ∙ 𝑆𝑆𝐹𝐹 � 𝑞𝑞𝑐𝑐 ∙ 𝑊𝑊𝑆𝑆ℎ𝐹𝐹𝐶𝐶1 ∙ (𝜎𝜎𝑣𝑣0′ )0.55� ∙ 100 
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where 
C1 is a consolidation coefficient which is 157 for normally consolidated soils and 

181 for over consolidated soils 

C2 is a consolidation coefficient which is 2.41 for normally consolidated soils and 
2.46 for over consolidated soils 

Wehr is a correction coefficient for calcareous soils 

 

2) Jamiolkowski et al., (2001) 𝐷𝐷𝑟𝑟 = 100 ∙ �0.268 ∙ 𝑆𝑆𝐹𝐹 � 𝑞𝑞𝑡𝑡 𝜎𝜎𝑎𝑎𝑡𝑡𝑎𝑎⁄�𝜎𝜎𝑣𝑣0′ 𝜎𝜎𝑎𝑎𝑡𝑡𝑎𝑎⁄ �+ 𝐶𝐶1� 
where 

C1 is a compressibility coefficient which is -0.675 for average compressible soils, 
≤1.0 for high compressible soils and carbonate or calcareous sands and ≥-2.0 
for low compressible soils 

qt is corrected cone resistance 

σatm is the atmospheric pressure 

3) Kulhawy and Mayne, (1990) 𝐷𝐷𝑟𝑟 = � 𝑞𝑞𝑐𝑐1
305 ∙ 𝐶𝐶1 ∙ 𝑂𝑂𝐶𝐶𝑅𝑅0.18 ∙ �1.2 + 0.05 ∙ 𝑆𝑆𝐹𝐹𝑙𝑙(𝐹𝐹 100⁄ )��0.5 ∙ 100 

where 
qc1 is the cone resistance corrected for initial vertical effective stress and 

atmospheric pressure, calculated by the following formula 𝑞𝑞𝑐𝑐1 =
𝑞𝑞𝑐𝑐�𝜎𝜎𝑣𝑣0′ ∙ 𝜎𝜎𝑎𝑎𝑡𝑡𝑎𝑎 

where 
 qc is the cone resistance in kPa 
 σ’v0 is the initial vertical effective stress in kPa 

C1 is a compressibility coefficient which is -0.91 for low compressible sands, 1.0 
for medium compressible sands and 1.09 for high compressible sands 

t is time in years 
 

4.4 FRICTION ANGLE (φ’) 

Friction angle, φ’, is used to express the shear strength of uncemented, coarse grained soils.  

In this report friction angle is derived by the correlations of Mayne and Campanella (2005), 

Robertson and Campanella (1983) and Kulhawy and Mayne (1990).   

1) Mayne and Campanella, (2005) 
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𝜑𝜑′ = 29.5⁰ ∙ 𝐵𝐵𝑞𝑞0.121 ∙ �0.256 + 0.336 ∙ 𝐵𝐵𝑞𝑞 + 𝑆𝑆𝐹𝐹𝑙𝑙𝑄𝑄𝑡𝑡� 
where 

Bq is the pore pressure ratio, calculated as in Session 3.3 

Qt is the normalized cone resistance 

 

2) Robertson and Campanella, (1983) 

𝜑𝜑′ = tan−1 �0.1 + 0.38 ∙ 𝑆𝑆𝐹𝐹𝑙𝑙 � 𝑞𝑞𝑡𝑡𝜎𝜎𝑣𝑣0′ �� 

where 
 qc is the cone resistance in kPa 
 σ’v0 is the initial vertical effective stress in kPa 

 

3) Kulhawy and Mayne, (1990) 𝜑𝜑′ = 17.6⁰+ 11.0⁰ ∙ 𝑆𝑆𝐹𝐹𝑙𝑙(𝑞𝑞𝑡𝑡1) 

where 

qt1 is the corrected cone resistance corrected for initial vertical effective stress and 
atmospheric pressure, calculated by the following formula 𝑞𝑞𝑡𝑡1 =

𝑞𝑞𝑡𝑡�𝜎𝜎𝑣𝑣0′ ∙ 𝜎𝜎𝑎𝑎𝑡𝑡𝑎𝑎 

The method suggested by Mayne and Campanella (2005) will not provide reliable results for 

heavily over consolidated soils, fissured geomaterials and highly cemented or structures clays.  

This approach gives reliable results when pore pressure is positive and varies 0.1 < Bq < 1.0.  

The correlation suggested by Robertson and Campanella (1983) estimates the peak friction 

angle for uncemented, unaged, moderately compressible, predominately quartz sands.  For 

sands of higher compressibility, the method will tend to predict low friction angles. The method 

suggested by Kulhawy and Mayne (1990) is an alternate relationship for clean, rounded, 

uncemented, quartz sands.  

 

4.5 FINES CONTENT (FC) 

The fines content, FC, in this report is estimated using two different methods, one from 

Robertson and Wride (1998) and the other, Suzuki et al. (1998) as presented below: 

1) Robertson and Wride (1998) 
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𝐼𝐼𝐶𝐶 < 1.26: 𝐹𝐹𝐶𝐶 = 0 

1.26 ≤ 𝐼𝐼𝐶𝐶 ≤ 3.5: 𝐹𝐹𝐶𝐶(%) = 1.75𝐼𝐼𝐶𝐶3.25 − 3.7 

3.5 < 𝐼𝐼𝐶𝐶:  𝐹𝐹𝐶𝐶 = 100% 

 

2) Suzuki et al. (1998) 𝐹𝐹𝐶𝐶(%) = 2.8𝐼𝐼𝐶𝐶2.6 
where 

Ic is the soil behaviour type index, calculated as in section 4.1 
 

4.6 UNDRAINED SHEAR STRENGTH (su) 

Estimation of undrained shear strength, su, from CPTU tests using corrected cone resistance 

is carried out using the following correlation from Lunne et al. (1981): 

𝑆𝑆𝑢𝑢 =
(𝑞𝑞𝑡𝑡 − 𝜎𝜎𝑣𝑣0)𝑁𝑁𝑘𝑘𝑡𝑡  

 
where 

Nkt is the empirical cone factor, which varies from 10 (6 for very soft sensitive fine  
grained soils) to 20. In this report 3 values are considered: 15, 17.5 and 20.  Nkt tends  
to increase with increasing plasticity and decrease with increasing soil sensitivity.  It  
decreases as Bq increases. (Lunne et al., 1997)  

σvo = total overburden stress. 

This report only presents the undrained shear strength data on soils with soil behaviour type 

index, Ic values greater than 2.60.   

The value of undrained shear strength, su to be used in analysis depends on the design 

problem.  In general, the simple shear in the direction of loading often represents the average 

undrained strength.  For larger, moderate to high risk projects, where high quality field and 

laboratory data may be available, site specific correlations should be developed based on 

appropriate and reliable values of su.  

 

4.7 SENSITIVITY (St) 

The sensitivity, St of clays is defined as the ratio of undisturbed peak undrained shear strength 

to totally remoulded undrained shear strength. 

In this report St is calculated using two correlations developed by Schmertmann (1978) and 

Mayne (2007). 
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1) Schmertmann (1978) 𝑆𝑆𝑡𝑡 =
𝑅𝑅𝑢𝑢𝑅𝑅𝑢𝑢(𝑟𝑟𝑟𝑟𝑎𝑎)

=
𝑞𝑞𝑡𝑡 −  𝜎𝜎𝑣𝑣𝑁𝑁𝑘𝑘𝑡𝑡 (

1𝑓𝑓𝑠𝑠) 

where 
su(rem) is the remoulded undrained shear strength.  It can be assumed equal to the 
sleeve resistance, fs.   
 

2) Mayne (2007) 𝑆𝑆𝑡𝑡 =
0.073 ∙ (𝑞𝑞𝑡𝑡 − 𝜎𝜎𝑣𝑣0)𝑓𝑓𝑠𝑠  

For relatively sensitive clays, St > 10, the value of fs can be very low and not very accurate, 

hence the estimate of sensitivity should be used as a guide only. 

 

4.8 SOIL UNIT WEIGHT (γ) 

Soil unit weight, γ in this report is calculated by using one method for sands, considered under 

dry conditions and two methods for clays, considered under saturated conditions.  These 

relationships are developed by Mayne (2007) and the equations are presented below: 

1) Mayne (2007) 

Dry unit weight for sands: 𝛾𝛾𝑑𝑑𝑟𝑟𝑑𝑑 = 1.89 ∙ 𝑆𝑆𝐹𝐹𝑙𝑙(𝑞𝑞𝑡𝑡1) + 11.82 

Saturated unit weight for clays method 1 𝛾𝛾𝑠𝑠𝑎𝑎𝑡𝑡 = 8.32 ∙ 𝑆𝑆𝐹𝐹𝑙𝑙(𝑉𝑉𝑆𝑆)− 1.61 ∙ 𝑆𝑆𝐹𝐹𝑙𝑙(𝑧𝑧) 

Saturated unit for clays method 2 𝛾𝛾𝑠𝑠𝑎𝑎𝑡𝑡 = 2.60 ∙ 𝑆𝑆𝐹𝐹𝑙𝑙(𝑓𝑓𝑠𝑠) + 15 ∙ 𝐺𝐺𝑠𝑠 − 26.5 

where 
qt1 is the corrected cone resistance corrected for initial vertical effective stress and 

atmospheric pressure, calculated by the following formula: 𝑞𝑞𝑡𝑡1 =
𝑞𝑞𝑡𝑡�𝜎𝜎𝑣𝑣0′ ∙ 𝜎𝜎𝑎𝑎𝑡𝑡𝑎𝑎 

z  is the depth 

Vs  is the shear wave velocity, calculated as 𝑉𝑉𝑆𝑆 = 118.8 ∙ 𝑆𝑆𝐹𝐹𝑙𝑙�𝑓𝑓𝑅𝑅� + 18.5 

Gs is the specific gravity of solids, typically between 2.40 and 2.90 
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4.9 STATE PARAMETER (ψ) 

The state parameter, ψ is defined as the difference between the current void ratio, e and the 

void ratio at critical state ecs, at the same mean effective stress for granular soils. 

 

The problem of evaluating the state parameter from CPTU response is complex and depends 

on several soil parameters, including shear stiffness, shear strength, compressibility and 

plastic hardening. (Jefferies and Been, 2006) 

 

In this report, the state parameter is calculated based on five methods as follows: 

1) Been et al. (1987) 

𝜓𝜓 = − 𝑆𝑆𝐹𝐹 �𝑄𝑄𝑝𝑝𝑘𝑘 �𝑚𝑚  

and 

𝑄𝑄𝑝𝑝 = � 3𝑄𝑄𝑡𝑡
1 + 2𝐾𝐾0� 

 

where 
Qt is the normalized cone resistance 
K0  is the coefficient of lateral earth pressure 

2) Shuttle and Jefferies (1998) 

𝜓𝜓 = − 𝑆𝑆𝐹𝐹 �𝑄𝑄𝑝𝑝𝑘𝑘 �𝑚𝑚  

where 𝑘𝑘 = ��3.79 + 1.12𝑆𝑆𝐹𝐹(𝐼𝐼𝑟𝑟)��1 + 1.06(𝑀𝑀 − 1.25)��1 − 0.30(𝑁𝑁 − 0.2)�(𝐻𝐻 1000⁄ )0.326�−1.55(𝜆𝜆 − 0.01)��1.45
 

𝑚𝑚 = 1.45�1.04 + 0.46𝑆𝑆𝐹𝐹(𝐼𝐼𝑟𝑟)��1 − 0.4(𝑀𝑀 − 1.25)��1 − 0.30(𝑁𝑁 − 0.2)�(𝐻𝐻 100⁄ )0.15�1 − 2.21(𝜆𝜆 − 0.01)� 
where 

Qt is the normalised cone resistance 
Ir is rigidity index 
K0  is the coefficient of lateral earth pressure 
M is critical state ratio 
N is dilation parameter 
H is plastic hardening modulus;  
λ is slope CSL line 

3) Shuttle and Jefferies (1998) 
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The state parameter calculated according this third method is similar to state parameter 

calculated as presented in the second method, except for the rigidity index that is calculated 

as follows: 

𝐼𝐼𝑟𝑟 = 𝐼𝐼𝑟𝑟100 � 𝑃𝑃𝑎𝑎𝜎𝜎𝑣𝑣0′ �0.5
 

where 
Ir100 is rigidity index in reference pressure 
Pa is the reference pressure equal to 100 kPa 
σ’v0 is effective vertical overburden stress 

4) Plewes (1992) 

𝜓𝜓 = − 𝑆𝑆𝐹𝐹 �𝑄𝑄𝑝𝑝 �1−𝐵𝐵𝑞𝑞�⁄ 𝑘𝑘′ �𝑚𝑚′  

where 𝑘𝑘′ = 𝑀𝑀�3 +
0.85𝜆𝜆 � 𝑚𝑚′ = 11.9− 13.3𝜆𝜆 𝜆𝜆 =

𝐹𝐹𝑟𝑟
10

 

where 
Qt is the normalised cone resistance 
Bq is pore pressure ratio 
K0  is the coefficient of lateral earth pressure 
FR is normalised friction ratio 
M is critical state ration 

5) Been and Jefferies (1992) 

𝜓𝜓 = − 𝑆𝑆𝐹𝐹 �𝑄𝑄𝑝𝑝 �1−𝐵𝐵𝑞𝑞�⁄ 𝑘𝑘′ �𝑚𝑚′  

where 𝑘𝑘′ = 𝑀𝑀�3 +
0.85𝜆𝜆 � 𝑚𝑚′ = 11.9− 13.3𝜆𝜆 𝜆𝜆 =

1

34− 10𝐼𝐼𝐶𝐶 

For high-risk projects a detailed interpretation of CPTU results using laboratory results and 

numerical modelling can be appropriate (e.g. Shuttle and Cunning, 2007), although soil 

variability can complicate the interpretation procedure.  For low risk projects and in the initial 

screening for high-risk projects there is a need for a simple estimate of soil state. 
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Plewes et al (1991) provided a mean to estimate soil state using the normalised soil behaviour 

type, SBTn chart suggested by Jefferies and Davies (1991).  Jefferies and Been (2006) 

suggested that soils with a state parameter less than -0.05 are dilative at large strains. 

 

4.10 IN SITU STRESS RATIO (K0) 

There are various estimations to determine in situ stress ratio, K0, from CPTU in fine grained 

soils.  In this report the methods suggested by Mayne (2007) and Kulhawy and Mayne (1990) 

are used, as given below: 

1) Mayne (2007) 𝐾𝐾0 = (1− 𝑅𝑅𝐹𝐹𝐹𝐹𝜑𝜑′)𝑂𝑂𝐶𝐶𝑅𝑅𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠′ 𝑀𝑀𝑅𝑅𝑀𝑀 𝐾𝐾0 = 𝐾𝐾𝑝𝑝 =
(1 + 𝑅𝑅𝐹𝐹𝐹𝐹𝜑𝜑′)
(1− 𝑅𝑅𝐹𝐹𝐹𝐹𝜑𝜑′) 

𝐾𝐾0 = 0.192(
𝑞𝑞𝑡𝑡𝜎𝜎𝑎𝑎𝑡𝑡𝑎𝑎)0.22(

𝜎𝜎𝑎𝑎𝑡𝑡𝑎𝑎𝜎𝜎𝑣𝑣0 )0.22𝑂𝑂𝐶𝐶𝑅𝑅0.27 
where 

 OCR is the overconsolidation ratio, calculated as presented in session 4.12 

2) Kulhawy and Mayne (1990) 𝐾𝐾0 = 0.1(
𝑞𝑞𝑡𝑡 − 𝜎𝜎𝑣𝑣0𝜎𝜎𝑣𝑣0′ ) 

These approaches are generally limited to mechanically overconsolidated, fine grained soils.  

As considerable scatter exits in the database used for these correlations, in moderate to high 

risk projects further tests should be performed and these correlations must be considered only 

as a guide. 

4.11 OVERCONSOLIDATION RATIO (OCR) 

Overconsolidation ratio, OCR is defined as the ratio of the maximum past effective 

consolidation stress and the present effective overburden stress: 

𝑂𝑂𝐶𝐶𝑅𝑅 =
𝜎𝜎′𝑝𝑝𝜎𝜎′𝑣𝑣0 

This definition is appropriate for mechanically overconsolidated soils, where the only change 

has been the removal of overburden stress.  For cemented and aged soils, the OCR may 

represent the ratio of the yield stress and the present effective overburden stress. 

In this report σ’p is calculated based on six methods as presented below: 
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1) Mayne (1995) 𝜎𝜎𝑝𝑝′ = 0.33(𝑞𝑞𝑡𝑡 − 𝜎𝜎𝑣𝑣0) 

 

2) Chen and Mayne (1996) 𝜎𝜎𝑝𝑝′ = 0.53𝛥𝛥𝑢𝑢 

 

3) Mayne (2005) 𝜎𝜎𝑝𝑝′ = 0.6(𝑞𝑞𝑡𝑡 − 𝑢𝑢2) 

 

4) Robertson (2009) 𝜎𝜎𝑝𝑝′ = 0.25(𝑄𝑄𝑡𝑡1.25 − 𝜎𝜎′𝑣𝑣0) 

 

5) Mayne (2005) 

𝜎𝜎𝑝𝑝′ = [
0.192 � 𝑞𝑞𝑡𝑡𝜎𝜎𝑎𝑎𝑡𝑡𝑎𝑎�0.125

(1− 𝑅𝑅𝐹𝐹𝐹𝐹𝜑𝜑′) � 𝜎𝜎𝑣𝑣0′𝜎𝜎𝑎𝑎𝑡𝑡𝑎𝑎�0.31]
(

1𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠′−0.27)𝜎𝜎′𝑣𝑣0 

 

6) Mayne (2007) 𝜎𝜎𝑝𝑝′ = 0.101𝜎𝜎𝑎𝑎𝑡𝑡𝑎𝑎0.102(𝐺𝐺0)0.478𝜎𝜎′𝑣𝑣00.420
 

For larger, moderate to high risk projects, where additional high-quality field and laboratory 

data may be available, site specific correlations should be developed based in consistent and 

relevant values of OCR. 

4.12 SMALL STRAIN YOUNG’S MODULUS (E0) 

Deriving small strain undrained Young’s modulus, E0, from CPTU is difficult.  There is 

insufficient data available to make a direct correlation and it is recommended that cu should be 

derived, then EU estimated as a rough order of value from one of the available correlations 

between EU and cu (Meigh, 1987). 

In this report the small strain Young’s modulus is derived as follows: 

1) Defined from elastic theory: 𝐸𝐸0 = 2(1 + 𝜈𝜈)𝐺𝐺0 

where 
ν is the Poisson ratio, equal to 0.2 
G0 is the small strain shear modulus calculated by the formula given below: 
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𝐺𝐺0 = 1634(
𝑞𝑞𝑐𝑐�𝜎𝜎′𝑣𝑣0)−0.75𝑞𝑞𝑐𝑐 

2) Calculated based on the degree of loading, qc, effective stress and reduction factor  𝐸𝐸0 = 𝛼𝛼𝑞𝑞𝑐𝑐 
where 

α  is calculated from degree of loading, qc, effective stress and reduction factor, 

given in Figure 4.2 

 

Figure 4.2:  Estimation of equivalent Young’s modulus for sand based on degree of loading 

(Robertson, 1990) 

 

4.13 CONSTRAINED MODULUS (M) 

Constrained Modulus, M, can be estimated by CPTU using the following empirical relationship: 𝑀𝑀 = 𝛼𝛼𝑀𝑀(𝑞𝑞𝑡𝑡 − 𝜎𝜎𝑣𝑣0) 

where 
αM  varies with soil plasticity and natural water content for a wide range of fine-
grained soils and organic soils.  Meigh (1987) suggested that αM lies in the range of 2 
to 8, whereas Mayne (2007) suggested the value of 5.  

Robertson (2001) suggested that αM varies with Qt, such that: 

When Ic > 2.2 (fine grained soils) use: αM = Qt when Qt < 14 

      αM = 14 when Qt > 14 
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When Ic < 2.2 (coarse grained soils) use:  𝛼𝛼𝑀𝑀 = 0.0188[10(0.55𝐼𝐼𝑐𝑐+1.68)] 

In this report the Constrained Modulus, M, is calculated after Kulhawy and Mayne (1990) using 

the equation below: 𝑀𝑀 = 8.25(𝑞𝑞𝑡𝑡 − 𝜎𝜎𝑣𝑣0) 

Also, an alternative method is included in the results, developed by Burns and Mayne (2002) 

using the following relationship: 𝑀𝑀 = 0.02𝐺𝐺0 
4.13.1  Equivalent Oedometer Coefficient of Compressibility (mv) 

Equivalent oedometer coefficient of compressibility, mv can be calculated directly by the 

Constrained Modulus, M, as follows: 

𝑚𝑚𝑣𝑣 =
1𝑀𝑀 

 

4.14 SMALL STRAIN SHEAR MODULUS (G0) 

Elastic theory states that the small strain shear modulus, G0, can be determined from the 

following equation: 𝐺𝐺0 = 𝜌𝜌𝑆𝑆𝑠𝑠2 
where  

ρ is the mass density of the soil  
vs is the shear wave velocity 

In this report the small strain shear modulus, G0, will be presented calculated by the two 

methods shown below, developed by Rix and Stoke (1992) and BE, UB Rix and Stoke (1992), 

respectively. 𝐺𝐺0 = 1634(
𝑞𝑞𝑐𝑐�𝜎𝜎𝑣𝑣0′ )−0.75𝑞𝑞𝑐𝑐 

𝐺𝐺0 =
𝛾𝛾𝑏𝑏𝑢𝑢𝑙𝑙𝑘𝑘𝑙𝑙 𝑆𝑆𝑠𝑠2 

where  
qc is the net cone tip resistance in kPa 
σ’v0 is the effective initial vertical stress in kPa 
γbulk  is the bulk density of the soil 
vs is the shear wave velocity 
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This correlation of G0 is applicable to all soil types. 

4.14.1  Mass Density of Soil (ρ) 
Mass density of soil, ρ, is defined as: 

𝜌𝜌 =
𝛾𝛾𝑙𝑙 

where  
γ is the elastic stiffness of the soils at shear strain less than 10-4 %, γ<10-4 %. 
 

4.15 HYDRAULIC CONDUCTIVITY (k) 

An approximate estimate of soil hydraulic conductivity or coefficient of permeability, k, can be 

made from an estimate of soil behaviour type using the CPTU SBT chart as presented in the 

table below: 

SBT Zone SBT Range of k (m/s) SBTn Ic 

1 Sensitive fine grained 3x10-10 to 3x10-8 NA 

2 Organic soils-clay 1x10-10 to 1x10-8 Ic>3.60 

3 Clay 1x10-10 to 1x10-9 2.95<Ic<3.60 

4 Silt Mixture 3x10-9  to 1x10-7 2.60<Ic<2.95 

5 Sand Mixture 1x10-7  to 1x10-5 2.05<Ic<2.60 

6 Sand 1x10-5  to 1x10-3 1.31<Ic<2.05 

7 Dense sand to gravelly sand 1x10-3  to 1 Ic<1.31 

8 *Very dense/ stiff soil 1x10-8  to 1x10-3 NA 

9 *Very stiff fine grained soil 1x10-9  to 1x10-7 NA 

*Overconsolidated and/ or cemented 

Table 4.2:  Estimated soils’ permeability (k) based on the CPTU SBT chart by Robertson (2009) 

 

The average relationship between soils’ permeability, k and SBTn Ic, shown in Table 4.2, can 

be represented by the following relationships: 

When 1.0 < 𝐼𝐼𝑐𝑐 ≤ 3.27              𝑘𝑘 = 10(0.952−3.04𝐼𝐼𝑐𝑐) 

When 3.27 < 𝐼𝐼𝑐𝑐 ≤ 4.0              𝑘𝑘 = 10(−4.52−1.37𝐼𝐼𝑐𝑐) 

In this report, the hydraulic conductivity is estimated as a function of soil types from 2 CPTU 

classification charts, Robertson et al. (1986) and Robertson et al. (1990), considering both 

minimum and maximum values. 
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The hydraulic conductivity (coefficient of permeability), k, values (minimum and maximum), 

defined after soils’ behaviour type by Robertson et al. (1986) are presented in Table 4.3, 

below: 

SBT Zone Soil Behaviour Type (SBT) Range of hydraulic conductivity, k (m/s) 

1 Sensitive fine grained 3x10-9 to 3x10-8 

2 Organic soils 1x10-8 to 1x10-6 

3 Clay 1x10-10 to 1x10-9 

4 Silty CLAY to CLAY 3x10-9  to 1x10-8 

5 Clayey SILT to silty CLAY 1x10-8  to 1x10-7 

6 Sandy SILT to clayey SILT 1x10-7  to 1x10-6 

7 Silty SAND to sandy SILT 1x10-5  to 1x10-6 

8 SAND to silty SAND 1x10-5  to 1x10-4 

9 SAND 1x10-4  to 1x10-3 

10 Gravelly SAND to SAND 1x10-3  to 1 

11 Very stiff fine grained 1x10-8  to 1x10-6 

12 SAND to clayey SAND 3x10-7  to 3x10-4 

Table 4.3:  Estimated soil permeability (k) based on SBT chart by Robertson et al. (1986) 

The hydraulic conductivity (coefficient of permeability), k values (min and max), defined after 

soils’ behaviour type by Robertson et al. (1990) are presented in Table 4.4, below: 

SBT Zone Soil Behaviour Type (SBT) Range of hydraulic conductivity, k (m/s) 

1 Sensitive fine grained 3x10-9  to 3x10-8 

2 Organic soils 1x10-8  to 1x10-6 

3 Clay 1x10-10 to 1x10-9 

4 Silt Mixture 3x10-9  to 1x10-7 

5 Sand Mixture 1x10-7  to 1x10-5 

6 Sand 1x10-5  to 1x10-3 

7 Gravelly sands to dense sands 1x10-3  to 1 

8 Very stiff sand to clayey sand 1x10-8  to 1x10-6 

9 Very stiff fine grained 1x10-8  to 1x10-6 

Table 4.4:  Estimated soils’ permeability (k) based on SBT chart by Robertson et al. (1990). 
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4.15.1 Coefficients of permeability (hydraulic conductivity, kh, kv) 

The horizontal coefficient of permeability can be estimated from the following expression: 

𝑘𝑘ℎ =
𝛾𝛾𝑤𝑤

2.3𝜎𝜎𝑣𝑣0′ 𝑅𝑅𝑅𝑅𝐹𝐹ℎ 

where 
RR is the compression ratio in the overconsolidated range.  It represents the strain 

per log cycle of effective stress during recompression and can be determined from 

laboratory consolidation tests (0.5x10-2 <RR<2x10-2 was recommended by Baligh and 

Levadoux). 

Robertson et al. (1992a) presented a summary of available data from dissipations and 

laboratory tests to determined kh values (Figure 4.3), which can be used as a rough guide to 

estimate kh from t50. 

 

Figure 4.3:  Proposed chart for evaluating kh from t50 for 10cm2 piezocones (Robertson et al., 1992a) 

 

Jamiolkowski et al. (1985) presented Table 4.4 which can be used to estimate kv from kh. 

Based on the table below, the nature of clay is considered no macrofabric, or only slightly 

developed macrofabric, essentially homogenous deposits, so the ratio use is kh/kv 

equal to 1.5, unless it is specified otherwise from the clients. 
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Nature of clay kh/kv 

No macrofabric, or only slightly developed macrofabric, essentially 

homogeneous deposits 
1 to 1.5 

From fairly well to well developed macrofabric, e.g. sedimentary clays with 

discontinuous lenses and layers of more permeable material  
2 to 4 

Varved clays and other deposits containing embedded and more or less 

continuous permeable layers  
3 to 15 

Table 4.4:  Range of field values of kh/kv for soft clays (from Jamiolkowski et al., 1985). 

Estimation of soil permeability from CPTU and dissipation data is subject to much uncertainty 

and should be used as a guide only. 

 

4.16 CONSOLIDATION CHARACTERISTICS  

All the results of consolidation characteristics calculated using the formulas below are 

presented in Dissipation Graphs, Appendix B.   

4.16.1  Rigidity Index (IR) 

The rigidity index, IR, for fine grained soils is defined using the following formula, developed 

by Mayne (2001): 

𝐼𝐼𝑅𝑅 = exp [�1.5𝑀𝑀 + 2.925� �𝑞𝑞𝑡𝑡 − 𝜎𝜎𝑣𝑣0𝑞𝑞𝑡𝑡 − 𝑢𝑢2 � − 2.925 

where 
M is the Cam-Clay constant, slope of the critical state line defined as: 𝑀𝑀 =

6𝑅𝑅𝐹𝐹𝐹𝐹𝜑𝜑′
3 − 𝑅𝑅𝐹𝐹𝐹𝐹𝜑𝜑′ 

where 
φ’ is the internal friction angle. 

The second method used to define the rigidity index, IR, for fine grained soils is based on 

plasticity index and overconsolidation ratio, OCR and calculated after the relationship 

developed by Keaveny and Mitchell (1986) as follows: 

𝐼𝐼𝑅𝑅 =
exp (0.0435(137− 𝑃𝑃𝐼𝐼)

[1 + ln{1 + 0.385(𝑂𝑂𝐶𝐶𝑅𝑅 − 1)3.2}]0.8 
where 

PI is the plasticity index of the soil, equal to 20. 
OCR is the overconsolidation ratio of the soil 
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4.16.2  Coefficients of consolidation (ch, cv) 

The coefficient of consolidation is interlinked with the hydraulic conductivity through the 

formula below: 

𝐹𝐹 =
𝑘𝑘𝑀𝑀𝛾𝛾𝑤𝑤  

where 
M is the 1-D constrained modulus relevant to the problem (i.e. unloading, 

reloading, virgin loading, etc) 
γw is the unit weight of water 
k is the hydraulic conductivity 

In geotechnical practice it is very difficult to measure c and k, because due to soil anisotropy 

c and k have different values in the horizontal, ch and kh and vertical cv and kv directions. The 

relevant design values depend on drainage and loading direction. 

The coefficient of consolidation can be estimated by measuring the dissipation or rate of decay 

of pore pressure with time after a stop in CPTU penetration.  The coefficient of consolidation 

should be interpreted at 50% dissipation, using the following formula: 

𝐹𝐹 = (
𝑇𝑇50𝐹𝐹50)𝐹𝐹02 

where 
T50 is theoretical time factor 
t50 is measured time for 50% dissipation 
r0 is penetrometer radius 

In soils of very low permeability the time for dissipation can be decreased by using smaller 

diameter probes.  A theoretical solution for these cases is given by Teh and Houlsby (1991) 

and it is compared with data from around the world by Robertson et al. (1992), as shown in 

Figure 4.3. 
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Figure 4.3:  Average laboratory ch values and CPTU results 

(after Robertson et al. 1992, Teh and Houlsby theory shown as solid lines for IR = 50 and IR = 500). 

 

ch estimation is controlled by soil stress history, sensitivity, anisotropy, rigidity index (relative 

stiffness), fabric and history.  In overconsolidated soils, the pore pressure behind the cone tip 

can be low or negative, results in dissipation data that can initially rise before decreasing to 

the equilibrium values.  Care is required to ensure the dissipation test to end at the right 

moment of time, not stopped prematurely after the initial rise.  

An approximate estimate of the coefficient of consolidation in the vertical direction can be 

obtained using the ratios of permeability in the horizontal and vertical directions given in the 

Section 4.15 on Hydraulic Conductivity, since: 𝐹𝐹𝑣𝑣 = 𝐹𝐹ℎ(
𝑘𝑘𝑣𝑣𝑘𝑘ℎ) 

Considering that kh/kv = 1.25 (from Table 4.4), the ratio ch/cv used for calculation purposes in 

this report is equal to 1.25.  

For relative short dissipations, the dissipation results can be plotted on a square-root time 

scale. The gradient of the initial straight line in m, where: 𝐹𝐹ℎ = (
𝑚𝑚𝑀𝑀𝑇𝑇)2𝐹𝐹2𝐼𝐼𝑟𝑟0.5 

where 

MT  is 1.15 for u2 position and 10 cm2 cone (r=1.78 cm). 
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5.0 CPTU RESULTS APPLICATIONS  

 

5.1 SOIL PROFILING AND APPLICATIONS IN GEOTECHNICAL DESIGN 

5.1.1 Soil Behaviour Type 

The major applications of CPTU are on soil behaviour type and soil profiling.  Typically, the 

cone resistance, qc is high in sands and low in clays, and the friction ratio, Rf = fs/qt is low in 

sands and high in clays.  The CPTU cannot be expected to provide accurate predictions of 

soil type based on physical characteristics, e.g. grain size distribution, but provides a guide to 

the mechanical characteristics, including: strength, stiffness, and compressibility of the soils, 

or the soil behaviour type, SBT.   

 

The most commonly used CPTU soil behaviour type chart, suggested by Robertson et al. 

(1986) uses the basic CPTU measured parameters of cone resistance, qc and friction ratio, 

Rf.  The chart is global in nature and can provide reasonable predictions of soil behaviour type 

for CPTU testing.  The expected overlap in some zones is modified in the interpretations of 

this report somewhat based on previous experience or local knowledge of the site.   

 

Since both the penetration resistance and sleeve resistance increase with depth due to the 

increase in effective overburden stress, the CPTU data requires normalization for overburden 

stress for very shallow and/or very deep tests.  A popular CPTU soil behaviour chart based 

on normalized CPTU data is firstly proposed by Robertson (1990). The chart identifies general 

trends in ground response, such as: increasing soil density, OCR, age and cementation for 

granular soils, and increasing stress history, OCR and soil sensitivity for cohesive soils.   

 

A more general normalized CPTU SBT chart, using large strain soil behaviour descriptions, 

proposed by Robertson (2012) is shown in Figure 5.1. 
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Figure 5.1:  Normalized CPTU Soil Behaviour Type (SBTn) chart, Qtn-FR using general large strain 

soil behaviour description (Robertson, 2012). 

* 
CD is coarse grained dilative soil-predominately drained CPTU 
CC is coarse grained contractive soil-predominately drained CPTU 
FD is fine grained dilative soil-predominately undrained CPTU 
FC is fine grained contractive soil-predominately undrained CPTU 

 

5.1.2 Soil Profiling 

CPTU is an excellent test for soil profiling.  The continuous monitoring of pore pressure during 

the cone penetration improves the soil stratigraphy descriptions.  The pore pressure develops 

in response to the soil type being penetrated in the area where the pore pressure element is 

located.  Soft, firm or stiff clays and contractive silts can show very high pore pressure.  Very 

stiff overconsolidated clays and dilative silts can give very low or negative pore pressures 

same as very dense silty sands.   

The thin layers of sand, or silt in a thick layer of clay, or thin layers of clay or silt in a thick layer 

of sand are easily distinguished during a CPTU test, which will give a response time sufficiently 

fast to observe pore pressure changes even in the very thin layers of soils (< 5mm), depending 

on the response of soil to the advancing of cone.   

The sandy soils tend to produce high cone resistance and low friction ratio, whereas soft 

clayey soils tend to produce low cone resistance and high friction ratio.  Organic soils such as 

peat tend to have very low cone resistance and very high friction ratio.  Soils with high 

horizontal stresses (high OCR) tend to have higher cone resistance and friction ratio. 
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CPTU is an excellent tool to classify the soils based on their behaviour type, and not based 

on grain size distribution.  

The measurement of sleeve friction, fs is often less reliable than the measurement of cone 

resistance, qc (Lunne et al., 1986), but to overpass these problems pore pressure parameter 

ratio, Bq, and the classification charts based on it. 

For more reliability in soil profiling, the soil interpretations in this report are carried out based 

on three parameters measured on site, cone resistance, sleeve friction and pore pressure and 

three derived geotechnical parameters soil behaviour type index for all soils, undrained shear 

strength for cohesive soils and relative density for granular soils.   

Generally, soils that fall in zones 8, 9 and 10 of Robertson et al. (1986) chart (6 and 7 of 

Robertson (1990) chart) represent approximately drained penetration, whereas, soils in zones 

1, 2, 3, 4, 5 and 6 of Robertson et al. (1986) chart (1, 2, 3 and 4 of Robertson (1990) chart) 

represent approximately undrained penetration.  Soils in zones 7, 11 and 12 of Robertson et 

al. (1986) (5, 8 and 9 of Robertson (1990) chart) may represent partially drained penetration.  

The classification is often influenced by changes in stress history, in situ stresses, sensitivity, 

stiffness, mineralogy, etc.  An advantage of pore pressure measurements during cone 

penetration is the ability to evaluate drainage conditions more directly. (Lunne et al., 1997)  

The information about the rate and manner of excess pore pressures during the dissipations 

significantly helps the accurate classification in the corresponding depths of dissipation tests.  

In very stiff, overconsolidated clayey soils, the pore pressure behind the cone is very low and 

sometimes negative of the equilibrium pore pressure, u0, whereas the pore pressure on the 

face of the cone is very large due to the large increase in normal stresses created by the cone 

penetration.  When penetration is stopped in overconsolidated clays, pore pressure recorded 

behind the cone may initially increase before decreasing to the equilibrium pore pressure.  The 

rise is caused by local equalization of the high pore pressure gradient around the cone.   

Cone penetration in fine grained soils, such as clays and silts, is generally undrained.  Cone 

penetration tests under undrained conditions generate high pore pressure and this reading is 

extremely useful, because it affects both cone resistance and sleeve friction measurements.  

These parameters should be corrected using the measured pore pressure.   

CPTU in coarse gained soils, such as sandy or gravelly soils is generally drained.  In these 

conditions there is no excess pore pressure generated as a result of cone penetration.  

Relative density has been used as the main parameter for description of sandy deposits.   
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5.1.3 Applications in geotechnical design 

CPTU measured parameters are used to derive geotechnical parameters, which are the input 

in several geotechnical analyses.  An alternate approach is to directly apply CPTU results to 

the geotechnical calculations.   

As a guide, Table 5.1 shows a summary of the applicability of CPTU results for direct design 

applications.  The ratings shown in the table have been assigned based on current experience 

and represent a qualitative evaluation of the confidence level assessed to each design 

problem and general soil type.  Details of ground conditions and project requirements can 

influence these ratings. 

 

Type of soil 
Pile 

Design 
Bearing 
Capacity 

Settlement 
Compaction 

Control 
Liquefaction 

Sand A-B A-B B-C A-B A-B 

Clay A-B A-B B-C C-D A-B 

Intermediate 
Soils 

A-B B-C B-C B-C A-B 

Table 5.1:  Perceived applicability of CPTU for various direct design problems. 

A is high 
B is high to moderate 
C is moderate 
D is moderate to low 
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APPENDIX A1 – Project Summary Sheet 

Piezocone Tests Summary Sheet 

 

Dissipation Tests Summary Sheet 

HOLE ID 
Final 

Depth (m) 
Date of Test Cone Used Test Remarks 

CPT01 0.10 23/03/2022 S15-CFIP.1360 Test refused on total pressure. 
  Water column 2.0m. 

CPT01T2 2.03 23/03/2022 S15-CFIP.1360 Test refused on total pressure. 
  Water column 2.8m. 

CPT01T3 5.15 24/03/2022 S15-CFIP.1360 Test refused on total pressure. 

CPT02 6.15 23/03/2022 S15-CFIP.1360 Test refused on total pressure. 
  Water column 2.1m. 

CPT03 5.40 23/03/2022 S15-CFIP.1360 Test refused on total pressure. 
  Water column 2.6m. 

CPT04 4.02 24/03/2022 S15-CFIP.1360 Test refused on total pressure. 

CPT05 0.19 22/03/2022 S15-CFIP.1360 Test refused on total pressure. 
  Water column 2.0m. 

CPT05T2 3.90 22/03/2022 S15-CFIP.1360 Test refused on total pressure. 
  Water column 2.5m. 

CPT06 2.20 24/03/2022 S15-CFIP.1360 Test refused on total pressure. 

CPT06T2 3.52 24/03/2022 S15-CFIP.1360 Test refused on total pressure. 

HOLE ID 
Final 

Depth (m) 
Date of Test Cone Used Test Remarks 

CPT01T2 1.32 23/03/2022 S15-CFIP.1360 T50 not reached. 

CPT01T3 2.87 24/03/2022 S15-CFIP.1360 T50 not reached. 

CPT02 2.01 23/03/2022 S15-CFIP.1360 T50 reached. Test OK. 

CPT02 4.20 23/03/2022 S15-CFIP.1360 T50 not reached. 

CPT03 1.90 23/03/2022 S15-CFIP.1360 T50 not reached. 

CPT03 3.90 23/03/2022 S15-CFIP.1360 T50 reached. Test OK. 

CPT04 2.02 24/03/2022 S15-CFIP.1360 T50 not reached. 

CPT04 3.92 24/03/2022 S15-CFIP.1360 T50 not reached. 

CPT05T2 2.47 22/03/2022 S15-CFIP.1360 T50 not reached. 

CPT06 1.35 24/03/2022 S15-CFIP.1360 T50 reached.  
Quick dissipation.  t50=53.6s 

CPT06 2.06 24/03/2022 S15-CFIP.1360 T50 reached.  
Quick dissipation.  t50=113s 
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APPENDIX A2 – CPT Rig Datasheet 
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APPENDIX A3 – Cone Datasheet 
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APPENDIX A4 – Cone Calibration Certificate 
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APPENDIX A5 – Symbol List 

English 

a is area ratio of the cone (=
𝐴𝐴𝑖𝑖 𝐴𝐴𝑐𝑐� ) 

A is area 
Ac is projected area of the cone 
An is cross sectional area of load cell or shaft 
As is area of friction sleeve 
Asb is bottom end area of friction sleeve 
Ast is top end area of friction sleeve 

Bq is pore pressure parameter (=
(𝑢𝑢2 − 𝑢𝑢0)

(𝑞𝑞𝑡𝑡 − 𝜎𝜎𝑣𝑣0)� ) 

ch is horizontal coefficient of consolidation 
cv is vertical coefficient of consolidation 
D is diameter 
Dr is relative density (=

𝑟𝑟𝑚𝑚𝑚𝑚𝑚𝑚−𝑟𝑟𝑟𝑟𝑚𝑚𝑚𝑚𝑚𝑚−𝑟𝑟𝑚𝑚𝑚𝑚𝑚𝑚 𝑀𝑀100%) 

e is void ratio 
emax is maximum void ratio 
emin is minimum void ratio 
E is Young’s modulus 
fs is unit sleeve friction resistance 
ft is sleeve friction corrected for pore pressure effects 
Fs is total force acting on friction sleeve 

FR is normalized friction ratio (=𝑓𝑓𝑠𝑠 (𝑞𝑞𝑡𝑡 − 𝜎𝜎𝑣𝑣0)� ) 

FoS is factor of safety 
FC is fines content 
g is acceleration due to gravity 
G0 is initial or maximum shear modulus, shear stiffness  
Ic is soil behavior type index 
Ir is rigidity index (= 𝐺𝐺 𝑅𝑅𝑢𝑢� ) 

Ip is plasticity index 
k is coefficient of permeability 
kh is coefficient of permeability in horizontal direction 
kv is coefficient of permeability in vertical direction 

K0 is coefficient of earth pressure at rest (=
𝜎𝜎′ℎ0 𝜎𝜎′𝑣𝑣0� ) 

L is length 
mv is coefficient of volume change 
M is constrained deformation modulus 
M7.5 is earthquake magnitude of 7.5 Richter scale 
N is number of blows of SPT 
N60 is SPT energy ratio 
Nk is cone factor 
Nke is cone factor 
Nkt is cone factor 
NΔu is cone factor 
pa is reference stress (= 100 𝑘𝑘𝑃𝑃𝑅𝑅) 
qc is measured cone resistance 
qe is effective cone resistance (= 𝑞𝑞𝑡𝑡 − 𝑢𝑢2) 
qn is net cone resistance (= 𝑞𝑞𝑡𝑡 − 𝜎𝜎𝑣𝑣0) 
qt is corrected cone resistance (= 𝑞𝑞𝑐𝑐 − (1− 𝑅𝑅)𝑢𝑢2) 
Qc is total force acting on the cone 
Qt is normalized cone resistance (=

𝑞𝑞𝑡𝑡 − 𝜎𝜎𝑣𝑣0 𝜎𝜎′𝑣𝑣0� ) 
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Rf is friction ratio (= �𝑓𝑓𝑡𝑡 𝑞𝑞𝑡𝑡� � 𝑀𝑀100% or alternatively = �𝑓𝑓𝑡𝑡 𝑞𝑞𝑡𝑡� � 𝑀𝑀100%) 

su is undrained shear strength 
sur is remoulded undrained shear strength 
St is sensitivity 
t is time 
t50 is time for 50% dissipation of excess pore water pressure 
T50 is time factor at 𝑈𝑈 = 50 % 
u is pore water pressure 
u0 is in situ pore pressure 
u1 is pore pressure measured on the cone 
u2 is pore pressure measured behind the cone 
u3 is pore pressure measured behind sleeve friction 
Δu is excess pore water pressure 
U is normalized excess pore pressure 
Vs is shear wave velocity 
z is depth 
 

Greek 

α is constant 
α is cone roughness 
β is constant 
β1 is the angle between the vertical axis and the projection of the axis of the CPTU on a 

vertical plane, in degrees 
β2 is the angle between the vertical axis and the projection of the axis of the CPTU on a 

vertical plane that is perpendicular to the plane of angle 𝛽𝛽1, in degrees 
γ is unit weight of soil 
γw unit weight of water 
Δ is change 
Δu is excess pore pressure (= 𝑢𝑢 − 𝑢𝑢0) 
μ is Poisson’s ratio 
ρ is density 
ψ is state parameter 
σ, σ’ is normal stress (total, effective) 
σh, σh’ is horizontal stress (total, effective) 
σv, σv’ is horizontal stress (total, effective) 
σv0,σv0’ is overburden stress (total, effective) 
τav is average cyclic shear stress 
τcy is cyclic shear stress 
φ’ is effective friction angle 
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APPENDIX A6 – Abbreviations 

ASTM  American Society for Testing and Materials 
CPTU  Cone Penetration Test with Pore Pressure Measurement (Piezocone Test) 
CRR  Cyclic Resistance Ratio 
CSR  Cyclic Stress Ratio 
GWT  Ground Water Table 
NC  Normally Consolidated 
OC  Over consolidated 
OCR  Over consolidation Ratio 
PL  Limit Pressure 
SDMT  Seismic Dilatometer Marchetti 
SPT  Standard Penetration Test 
TC  Technical Committee 
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APPENDIX A7 – Glossary 

CPT 
Cone Penetration Test. 

Cone 
The part of the cone penetrometer on which the end bearing is developed. 

Cone Penetrometer 
The assembly containing the cone, friction sleeve, any other sensors and measuring systems, 
as well as the connections to the push-rods. 

Cone resistance, qc 

The total force acting on the cone, Qc, divided by the projected area of the cone, Ac.  𝑞𝑞𝑐𝑐 =
𝑄𝑄𝑐𝑐 𝐴𝐴𝑐𝑐�  

Corrected cone resistance, qt 
The cone resistance, qc corrected for pore water pressure effects. 

Corrected sleeve friction, ft 
The sleeve friction corrected for pore water pressure effects on the ends of the friction sleeve. 

Data acquisition system 
The system used to measure and record the measurements made by the cone penetrometer. 

Dissipation Test 
A test when the decay of the pore water pressure is monitored during a pause in penetration. 

Filter element 
The porous element inserted into the cone penetrometer to allow transmission of the pore 
water pressure to the pore pressure sensor, while maintaining the correct profile of the cone 
penetrometer. 

Friction ratio, Rf 
The ratio, expressed as a percentage of the sleeve friction, fs, to the cone resistance, qc, both 
measured at the same depth. 

Friction reducer 
A local enlargement on the push-rod surface, placed at a distance above the cone 
penetrometer, and provided to reduce the friction on the push-rods. 

Friction sleeve 
The section of the cone penetrometer upon which the sleeve friction is measured. 

Normalized cone resistance, Qc or Qt 
The cone resistance expressed in a non-dimensional form and taking account of stress 

changes in situ, 𝑄𝑄𝑐𝑐 =
(𝑞𝑞𝑐𝑐 − 𝜎𝜎𝑣𝑣0) 𝜎𝜎′𝑣𝑣0� , or when the corrected cone resistance is used 𝑄𝑄𝑡𝑡 =

(𝑞𝑞𝑡𝑡 − 𝜎𝜎𝑣𝑣0) 𝜎𝜎′𝑣𝑣0� .  Where σv0 and σ’v0 are the total and effective vertical stress respectively. 

Net cone resistance, qn 
The corrected cone resistance minus the vertical total stress.  𝑞𝑞𝑖𝑖 = 𝑞𝑞𝑡𝑡 − 𝜎𝜎𝑣𝑣0 
Normalized friction ratio, Fr 
The sleeve friction normalized by the net cone resistance. 

Piezocone 
A cone penetrometer containing a pore pressure sensor. 
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Pore pressure, u 
The pore pressure generated during penetration and measured by a pore pressure sensor, u1 
when measured on the cone, u2 when measured just behind the cone and u3 when measured 
just behind the friction sleeve. 

Pore pressure ratio, Bq 
The net pore pressure normalized with respect to the net cone resistance. 

Push-rods 
The thick-walled tubes or rods used for advancing the cone penetrometer. 

Rig machine 
The equipment which pushes the cone penetrometer and rods into the ground. 

Sleeve friction, fs 
The total frictional force acting on the friction sleeve, Fs, divided by its surface area, As.  𝑓𝑓𝑠𝑠 =𝐹𝐹𝑠𝑠 𝐴𝐴𝑠𝑠�  
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APPENDIX A8 – Soils Description Tables 

GRANULAR SOILS (Sands and Gravels) 

Description Relative Density Dr (%) SPT N value, NSPT 

Very Loose 0 – 15 0 - 4 

Loose 15 – 35 4 - 10 

Medium Dense 35 – 65 10 - 30 

Dense 65 – 85 30 - 50 

Very Dense >85 >50 

 

COHESIVE SOILS (Clays and Silts) 

Term based on measurement Undrained Shear Strength Classification, su (kPa) 

Extremely low <10 

Very low 10 - 20 

Low 20 - 40 

Medium 40 - 75 

High 75 - 150 

Very high 150 - 300 

Extremely high >300 
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APPENDIX A9 – Site Map 
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0.10 Very loose silty SAND to sandy SILT (7)

CPT LOG 01

CPTU ZERO VALUES
Transducer Pre Post Difference
Tip 346 mV 337 mV -0.099 MPa
Sleeve 268 mV 266 mV -0.001 kPa
Pore Pressure 2 186 mV 214 mV 0.008 kPa
X-Y Inclinometer 2488 mV 2499 mV

TEST TYPE :  TE2
APPLICATION CLASS :  2
RIG :  CPT 020 - Pagani
OPERATOR :  IM & DR
FRICTION REDUCER :  None
WEATHER :  Sunny & Cold
GROUNDWATER DEPTH :  Assumed for calculation purposes.
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CONE ID :  S15-CFIP.1360
CALIBRATION DATE :  02/02/2022
CONE MODEL :  Subtraction
CONE AREA :  15cm2

CONE AREA RATIO :  0.79
FILTER POSITION :  u2
FILTER TYPE :  HDPE

0 2 4 6 8

Friction Ratio, Rf (%)

Dissipation Test

Groundwater
Level

2 - Organic material

3 - CLAY

6 - Sandy SILT to clayey SILT

1 - Sensitive fine grained material

4 - Silty CLAY to CLAY

7 - Silty SAND to sandy SILT

8 - SAND to silty SAND

5 - Clayey SILT to silty CLAY

METHOD: Robertson et al. 1986 qc Rf
9 - SAND

10 - Gravelly SAND to SAND

11 - Very stiff fine grained

12 - SAND to clayey SAND

0 5 10

Inclination (°)
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Pore Pressure Ratio, Bq

0 300 600 900-300

In Situ Pore Pressure, u0 (kPa)

Porewater Pressure, u2 (kPa)

4 8 12 16
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0 20

Cone Resistance, qc (MPa)

Sleeve Friction Resistance, fs (kPa)

PointID

LOCATION :  Cardigan
PROJECT No. :  1220236

CLIENT :  Central Alliance
PROJECT :  Cardigan Tidal Flood Risk Management

SHEET :  1  OF  1
STATUS :  Final
TEST DATE :  23/03/2022
PLOT DATE :  25/03/2022
METHOD :  ISO 22476-1:2012

Working with:

Remark:
Test refused on total pressure.
Water column 2.0m.

CPT01

EASTING :  0.000 m
NORTHING :  0.000 m
ELEVATION :  0.000 m  OD
CHECKED BY :  LD
TERMINATION REASON :  Refusal

1 2

Soil Behaviour Type:
Robertson et al. 1986 qc Rf
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CPTU ZERO VALUES
Transducer Pre Post Difference
Tip 346 mV 337 mV -0.099 MPa
Sleeve 268 mV 266 mV -0.001 kPa
Pore Pressure 2 186 mV 214 mV 0.008 kPa
X-Y Inclinometer 2488 mV 2499 mV

CPT LOG 02

Description                  SBT Index, Ic

Clays                           2.95-3.60

Silt mixtures                 2.60-2.95

Sand mixtures             2.05-2.60

Sands                         1.31-2.05

Gravelly sand               <1.31

Description               SPT N value, NSPT

Very Loose                  0 - 4

Loose                          4 - 10

Medium Dense           10 - 30

Dense                         30 - 50

Very Dense                >50

Description               Relative Density Dr (%)

Very Loose                  0 - 15

Loose                          15 - 35

Medium Dense            35 - 65

Dense                          65 - 85

Very Dense                  >85

GRANULAR SOILS (Sands & Gravels) Robertson et al. 1986 Zones 7-10 and Zone 12CONE ID :  S15-CFIP.1360
CONE MODEL :  Subtraction
CONE AREA :  15cm2

CONE AREA RATIO :  0.79
FILTER POSITION :  u2
FILTER TYPE :  HDPE

TEST TYPE :  TE2
APPLICATION CLASS :  2
RIG :  CPT 020 - Pagani
OPERATOR :  IM & DR
FRICTION REDUCER :  None
WEATHER :  Sunny & Cold

PointID

LOCATION :  Cardigan
PROJECT No. :  1220236

CLIENT :  Central Alliance
PROJECT :  Cardigan Tidal Flood Risk Management

SHEET :  1  OF  1
STATUS :  Final
TEST DATE :  23/03/2022
PLOT DATE :  25/03/2022
METHOD :  ISO 22476-1:2012

Working with:

Remark:
Test refused on total pressure.
Water column 2.0m.

CPT01

EASTING :  0.000 m
NORTHING :  0.000 m
ELEVATION :  0.000 m  OD
CHECKED BY :  LD
TERMINATION REASON :  Refusal

1. Rob. & Wride 98
2. Jeff. & Davies 93
3. Robertson 2012

1. Senneset et al. (1988 & 1989); Mayne & Campanella (2005)
2. Robertson & Campanella (1983)
3. Kulhawy & Mayne (1990)

Groundwater
Level

Dissipation Test

1. Baldi et al. (1986); Al-Homoud & Wehr (2006)
2. Jamiolkowski et al. (2001)
3. Kulhawy & Mayne (1990)
4. Jamiolkowski et al. (2003)
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CPTU ZERO VALUES
Transducer Pre Post Difference
Tip 346 mV 337 mV -0.099 MPa
Sleeve 268 mV 266 mV -0.001 kPa
Pore Pressure 2 186 mV 214 mV 0.008 kPa
X-Y Inclinometer 2488 mV 2499 mV

CPT LOG 03

COHESIVE SOILS (Clays & Silts) Robertson et al. 1986 Zones 1-6 and Zone 11

Term based on measurement       su (kPa)
Extremely low strength                  <10
Very low strength                          10-20
Low strength                                 20-40

Term based on measurement           su (kPa)
Medium strength                                40-75
High strength                                     75-150
Very high strength                             150-300
Extremely high strength                     >300

CONE ID :  S15-CFIP.1360
CONE MODEL :  Subtraction
CONE AREA :  15cm2

CONE AREA RATIO :  0.79
FILTER POSITION :  u2
FILTER TYPE :  HDPE

TEST TYPE :  TE2
APPLICATION CLASS :  2
RIG :  CPT 020 - Pagani
OPERATOR :  IM & DR
FRICTION REDUCER :  None
WEATHER :  Sunny & Cold

1. R&W 98
2. Suzuki et al. (1998)
3. Boulanger and Idriss (2014)

LB. su = (qt -    vo)/Nkt, where Nkt = 20
BE. su = (qt -    vo)/Nkt, where Nkt = 17.5
UB. su = (qt -    vo)/Nkt, where Nkt = 15

1. Schmertmann78; R&L86
2. Mayne (2007) 1. Mayne (2007) -Dry unit weight for Sands

1. Mayne (2007) -Saturated unit weight 1 for Clays
2. Mayne (2007) -Saturated unit weight 2 for Clays
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PointID

LOCATION :  Cardigan
PROJECT No. :  1220236

CLIENT :  Central Alliance
PROJECT :  Cardigan Tidal Flood Risk Management

SHEET :  1  OF  1
STATUS :  Final
TEST DATE :  23/03/2022
PLOT DATE :  25/03/2022
METHOD :  ISO 22476-1:2012

Working with:

Remark:
Test refused on total pressure.
Water column 2.0m.

CPT01

EASTING :  0.000 m
NORTHING :  0.000 m
ELEVATION :  0.000 m  OD
CHECKED BY :  LD
TERMINATION REASON :  Refusal
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CPTU ZERO VALUES
Transducer Pre Post Difference
Tip 346 mV 337 mV -0.099 MPa
Sleeve 268 mV 266 mV -0.001 kPa
Pore Pressure 2 186 mV 214 mV 0.008 kPa
X-Y Inclinometer 2488 mV 2499 mV

CPT LOG 04

CONE ID :  S15-CFIP.1360
CONE MODEL :  Subtraction
CONE AREA :  15cm2

CONE AREA RATIO :  0.79
FILTER POSITION :  u2
FILTER TYPE :  HDPE

TEST TYPE :  TE2
APPLICATION CLASS :  2
RIG :  CPT 020 - Pagani
OPERATOR :  IM & DR
FRICTION REDUCER :  None
WEATHER :  Sunny & Cold

Dissipation Test

Groundwater
Level

1. Mayne (2007)
2. Mayne (2007)
3. Kulhawy & Mayne (1990)

1. Minimum, Robertson et al. 1986
2. Maximum, Robertson et al. 1986
3. Minimum, Robertson 1990
4. Maximum, Robertson 1990

1. Been et al (1987)
2. Shuttle and Jefferies (1998)
3. Shuttle and Jefferies (1998)
4. Plewes et al (1992)
5. Been and Jefferies (1992)

1. Mayne (1995);  Demers & Leroueil (2002)
2. Chen & Mayne (1996)
3. Mayne (2005)
4. Robertson (2009)
5. Mayne (2005)
6. Mayne (2007)
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STATUS :  Final
TEST DATE :  23/03/2022
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METHOD :  ISO 22476-1:2012

Working with:

Remark:
Test refused on total pressure.
Water column 2.0m.
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CHECKED BY :  LD
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CPTU ZERO VALUES
Transducer Pre Post Difference
Tip 346 mV 337 mV -0.099 MPa
Sleeve 268 mV 266 mV -0.001 kPa
Pore Pressure 2 186 mV 214 mV 0.008 kPa
X-Y Inclinometer 2488 mV 2499 mV

CPT LOG 05

CONE ID :  S15-CFIP.1360
CONE MODEL :  Subtraction
CONE AREA :  15cm2

CONE AREA RATIO :  0.79
FILTER POSITION :  u2
FILTER TYPE :  HDPE

TEST TYPE :  TE2
APPLICATION CLASS :  2
RIG :  CPT 020 - Pagani
OPERATOR :  IM & DR
FRICTION REDUCER :  None
WEATHER :  Sunny & Cold

Dissipation Test

Groundwater
Level

1. Elastic Theory
2. Lunne et al. (1997)

1. Kulhawy & Mayne (1990)
2. Burns & Mayne (2002)

LB. Rix & Stoke (1992)
BE. Rix & Stoke (1992)
UB. Rix & Stoke (1992)

1. Derived from Kulhawy & Mayne (1990) 1. Mayne (2001)
2. Keaveny & Mitchel (1986)
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STATUS :  Final
TEST DATE :  23/03/2022
PLOT DATE :  25/03/2022
METHOD :  ISO 22476-1:2012

Working with:

Remark:
Test refused on total pressure.
Water column 2.0m.

CPT01

EASTING :  0.000 m
NORTHING :  0.000 m
ELEVATION :  0.000 m  OD
CHECKED BY :  LD
TERMINATION REASON :  Refusal

G
ra

ph
ic

 L
og

Terminated at 0.10 m
Refusal



v
v0.1

2

3

4

5

6

7

8
9
1

2

3

4

5

6

7

8
9

10

2

3

4

5

6

7

8
9

100

0 1 2 3 4 5 6 7 8
0.1

2

3

4

5

6

7

8
9
1

2

3

4

5

6

7

8
9
10

2

3

4

5

6

7

8
9
100

0 1 2 3 4 5 6 7 8
q c

 (M
Pa

)

Rf (%)

2

3

5

4

6

7

8

9

10

11

12

1

A4
FIGURE NoPROJECT No

SCALE

CHECKED DATE

DATEDRAWNTITLE

Not To Scale

25/03/2022

25/03/2022

1220236

Central Alliance
Oliver Dustan

Cardigan
Cardigan Tidal Flood Risk Management
Robertson et al. 1986 qc vs. Rf - CPT01
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METHOD: Robertson et al. 1986 qc Rf
1 - Sensitive fine grained material

2 - Organic material

3 - CLAY

4 - Silty CLAY to CLAY

5 - Clayey SILT to silty CLAY

6 - Sandy SILT to clayey SILT

7 - Silty SAND to sandy SILT

8 - SAND to silty SAND

9 - SAND

10 - Gravelly SAND to SAND

11 - Very stiff fine grained

12 - SAND to clayey SAND



0.40
0.65

1.30

1.60

1.90
2.03

Very soft sensitive fine grained (1)

Loose SAND to silty SAND (8)
Medium strength locally low strength silty
CLAY to CLAY (4)

Loose SAND to silty SAND (8)

Very low strength becoming low strength
sensitive fine grained material (1)
Medium dense SAND to silty SAND (8)

CPT LOG 01

CPTU ZERO VALUES
Transducer Pre Post Difference
Tip 339 mV 338 mV -0.011 MPa
Sleeve 267 mV 266 mV -0.001 kPa
Pore Pressure 2 208 mV 214 mV 0.002 kPa
X-Y Inclinometer 2487 mV 2554 mV

TEST TYPE :  TE2
APPLICATION CLASS :  2
RIG :  CPT 020 - Pagani
OPERATOR :  IM & DR
FRICTION REDUCER :  None
WEATHER :  Sunny & Cold
GROUNDWATER DEPTH :  Assumed for calculation purposes.
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CONE ID :  S15-CFIP.1360
CALIBRATION DATE :  02/02/2022
CONE MODEL :  Subtraction
CONE AREA :  15cm2

CONE AREA RATIO :  0.79
FILTER POSITION :  u2
FILTER TYPE :  HDPE

0 2 4 6 8

Friction Ratio, Rf (%)

Dissipation Test

Groundwater
Level

2 - Organic material

3 - CLAY

6 - Sandy SILT to clayey SILT

1 - Sensitive fine grained material

4 - Silty CLAY to CLAY

7 - Silty SAND to sandy SILT

8 - SAND to silty SAND

5 - Clayey SILT to silty CLAY

METHOD: Robertson et al. 1986 qc Rf
9 - SAND

10 - Gravelly SAND to SAND

11 - Very stiff fine grained

12 - SAND to clayey SAND
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Cone Resistance, qc (MPa)

Sleeve Friction Resistance, fs (kPa)
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LOCATION :  Cardigan
PROJECT No. :  1220236

CLIENT :  Central Alliance
PROJECT :  Cardigan Tidal Flood Risk Management

SHEET :  1  OF  1
STATUS :  Final
TEST DATE :  23/03/2022
PLOT DATE :  25/03/2022
METHOD :  ISO 22476-1:2012

Working with:

Remark:
Test refused on total pressure.
Water column 2.8m.

CPT01T2

EASTING :  0.000 m
NORTHING :  0.000 m
ELEVATION :  0.000 m  OD
CHECKED BY :  LD
TERMINATION REASON :  Refusal

1 2

Soil Behaviour Type:
Robertson et al. 1986 qc Rf
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CPTU ZERO VALUES
Transducer Pre Post Difference
Tip 339 mV 338 mV -0.011 MPa
Sleeve 267 mV 266 mV -0.001 kPa
Pore Pressure 2 208 mV 214 mV 0.002 kPa
X-Y Inclinometer 2487 mV 2554 mV

CPT LOG 02

Description                  SBT Index, Ic

Clays                           2.95-3.60

Silt mixtures                 2.60-2.95

Sand mixtures             2.05-2.60

Sands                         1.31-2.05

Gravelly sand               <1.31

Description               SPT N value, NSPT

Very Loose                  0 - 4

Loose                          4 - 10

Medium Dense           10 - 30

Dense                         30 - 50

Very Dense                >50

Description               Relative Density Dr (%)

Very Loose                  0 - 15

Loose                          15 - 35

Medium Dense            35 - 65

Dense                          65 - 85

Very Dense                  >85

GRANULAR SOILS (Sands & Gravels) Robertson et al. 1986 Zones 7-10 and Zone 12CONE ID :  S15-CFIP.1360
CONE MODEL :  Subtraction
CONE AREA :  15cm2

CONE AREA RATIO :  0.79
FILTER POSITION :  u2
FILTER TYPE :  HDPE

TEST TYPE :  TE2
APPLICATION CLASS :  2
RIG :  CPT 020 - Pagani
OPERATOR :  IM & DR
FRICTION REDUCER :  None
WEATHER :  Sunny & Cold

PointID

LOCATION :  Cardigan
PROJECT No. :  1220236

CLIENT :  Central Alliance
PROJECT :  Cardigan Tidal Flood Risk Management

SHEET :  1  OF  1
STATUS :  Final
TEST DATE :  23/03/2022
PLOT DATE :  25/03/2022
METHOD :  ISO 22476-1:2012

Working with:

Remark:
Test refused on total pressure.
Water column 2.8m.

CPT01T2

EASTING :  0.000 m
NORTHING :  0.000 m
ELEVATION :  0.000 m  OD
CHECKED BY :  LD
TERMINATION REASON :  Refusal

1. Rob. & Wride 98
2. Jeff. & Davies 93
3. Robertson 2012

1. Senneset et al. (1988 & 1989); Mayne & Campanella (2005)
2. Robertson & Campanella (1983)
3. Kulhawy & Mayne (1990)

Groundwater
Level

Dissipation Test

1. Baldi et al. (1986); Al-Homoud & Wehr (2006)
2. Jamiolkowski et al. (2001)
3. Kulhawy & Mayne (1990)
4. Jamiolkowski et al. (2003)

5 10 15 20 25 30 35 40 450 50

SPT N60

8020 40 60

Friction Angle,    ' (deg)

0

D
en

se
 s

an
d 

to
 g

ra
ve

lly
 s

an
d

Sa
nd

s:
 c

le
an

 s
an

ds
 to

 s
ilt

y 
sa

nd
s

Sa
nd

 m
ix

tu
re

s:
 s

ilt
y 

sa
nd

 to
 s

an
dy

 s
ilt

Si
lt 

m
ix

tu
re

s:
 c

la
ye

y 
si

lt 
& 

si
lty

 c
la

y

C
la

ys
: c

la
y 

to
 s

ilt
y 

cl
ay

C
la

y 
- o

rg
an

ic
 s

oi
l

0 1 2 3 4 5

Non-normalized Soil Behaviour Type Index, ISBT
Robertson (2010)

Sleeve Friction Resistance, fs (kPa)

Corrected Cone Resistance, qt (MPa)
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