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ABSTRACT: Cone penetration response data provide no information of the soil physical properties, however, a number of soil 

classification systems have been proposed to obtain soil type directly from measured parameters. This study compares such CPT soil 

type classification to direct laboratory measurement of grain size distribution. It is found that despite providing a correct overall 

classification of the Danish North Sea Post Glacial sand in question, the interpretation from CPT data tend to indicate slightly more 

coarse-grained soil than seen from particle size distributions. Moreover, well sorted soil typed may not be distinguished from more 

well-graded in terms of the Soil Type Behaviour index. 

 

 

1  INTRODUCTION 

Offshore geotechnical investigations pose the challenge of 
obtaining sufficient knowledge of the soil physical properties to 
establish a consistent ground model from a limited number of 
boreholes. Subsequently, soil conditions may be 
interpolated/extrapolated based on indirect soil data, such as 
geophysical surveying and particularly cone penetration tests 
(CPT), to establish ground conditions, e.g. for design of 
monopiles, throughout a specific site.  

CPT tests are conducted directly in the actual soil, 
measuring cone tip resistance, qt, sleeve friction, fs, and pore 
water pressure, u, as the cone penetrates the soil, thus recording 
the soil response to penetration and not the soil type. In this 
way the CPT provides only an indirect measurement of the soil 
physical properties, and the penetration response must be 
calibrated to soil type based on co-located physical 
measurements of the actual soil as obtained from a borehole, e.g. 
by particle size distribution tests (PSD), before 
interpolation/extrapolation becomes meaningful. 

To mitigate this gap, a number of authors have proposed soil 
classification systems based in CPT measurements over the 
years, either directly from the measured data or from derived 
and/or normalised parameters, e.g. Schmertmann (1978), and 
Robertson et al. (1986). Particularly the approach by Robertson 
et al. (1986) where the cone tip resistance and the derived 
friction ratio is used as input for determination of soil type from 
data plotting into one of 12 areas, c.f. Figure 2. This system has 
since been developed by Robertson (1990), reducing the 
number of soil types to 9, and Robertson and Wride (1998) 
defining the Soil Behaviour Type index (SBTn) as an adaption 
of the Soil classification index, Ic, proposed by Jefferies and 
Davies (1993) to the Robertson (1990) classification system.  

In this paper we will focus on soil classification in the 
framework developed by Robertson and how it performs in the 
case of a Norths Sea Post Glacial sand deposit. 

 
2  METHODS & MATERIALS 

This study takes it’s basis in a Post Glacial sand deposit 
retrieved from the Horns Rev 3 Offshore Wind Farm site in the 
Danish North Sea. Co-located boreholes and CPTs, and 
subsequent laboratory tests, have been carried out, allowing 
comparison of physical properties to cone penetration response. 
Sample depth varies from 0.3 to 21 m below seabed.  

PSD have been determined for a total of 18 samples, c.f. 
Figure 1, with derived parameters presented in Table 1. 
Corrected cone tip resistance, qt, and friction ratio, Rf, have 
been obtained as average of the recorded values in the range 
from 10 cm above to 10 cm below the sample depth, where 
possible. Subsequently, SBTn (Robertson and Wride 1998) 
have been calculated for is calculated from the expression 

 
Ic = ((3.47-logQt)2+(logFr+1.22)2)0.5  (1) 
 
Where Qt and Fr are normalised cone resistance and friction 

ratio, respectively, defined as 
 
Qt = ((qt-v0)/pa)  (pa/’v0)n   (2) 
 
Fr = ((fs/(qt-v0))100%   (3) 
 
Where v0 is the vertical in-situ stress, pa is atmospheric 

pressure, n is a stress normalisation exponent of 0.5 for sand. 

3  ANALYSIS & DISCUSSION 

Soil type classification according to Robertson et al. (1986), c.f. 
Figure 2, shows that most samples classify as gravelly sand to 
sand, i.e. they fall into zone 10. However, only five samples 
contain more than 5 % gravel by weight as may be observed 
from the PSD curves in Figure 1. The one data point plotting in 
zone 7 in Figure 2 is one of them, holding 14 % gravel by 
weight, but the low depth of 0.3 m bsb and the consequent low 
cone resistance puts it off. The remaining samples falling short 
of zone 10 is distributed in the range from 0.5 to 21 m bsb, 
hence no consistent effect of sample depth is observed. 

The friction ratio relating sleeve friction to cone resistance 
 

Table 1. Derived parameters from PSDs on North Sea Post Glacial Sand. 
CoV is the coefficient of variation expressed in percent. FC is fines 
content defines as particles passing the 0.425 mm sieve.  

Parameter Mean Min Max CoV 

Sand (%) 91.2 74.0 99.0 8.3 

d10 (mm) 0.149 0.034 0.234 41.3 

d50 (mm) 0.330 0.102 0.600 42.1 

d60 (mm) 0.398 0.116 0.857 48.9 



Proceedings of the 6th International Young Geotechnical Engineers’ Conference (iYGEC6) 

FC (%) 72.5 36.0 100.0 10.5 

 

 
Figure 1. Particle size distribution for obtained for the North Sea Post 
Glacial sand deposit. 

 
Figure 2. Robertson chart (Robertson et al 1986) showing the CPT 
measurements for samples where PSDs are available, c.f. Figure 1. 
Numbered areas represent soil classifications of 1) Sensitive fine-
grained, 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, and 12) Sand to clayey sand. 

 
Figure 3. Friction ratio versus fines content. Data point labels indicate 
sand content in percent. 

 

does not exceed 0.6 %, c.f. Figure 3. Friction ratios are seen to 
increase with increasing fines content for most samples, as 
would be expected. However, a population of very fine sand 
samples holding more than 95 % sand and having a fines 
content above 90 % plot at the top of the diagram covering a 
range of friction ratios. This division in two populations is also 
seen when turning to SBTn vs. fines in Figure 4, where the 
samples plotting high on fines are seen to be virtually free of 
gravel. The remaining data points appear to support the theory 
of more fines for higher values of Ic (Robertson and Wride 
1998). The above observations indicates that the sand gradation, 
which influences the soil friction angle, is not readily 
interpreted from the Robertson CPT classification framework.  

 
Figure 4. SBTn versus fines content. Data point labels indicate gravel 
content in percent. 

All the identified samples of very fine sand, except one, 
plots in zone 10 in the Robertson chart, c.f. Figure 2, thus 
indicating a more coarse-grained soil. Consequently, 
information on gradation must be obtained in other ways, e.g. 
from CPT correlations to relative.  

When CPT records are our only information in a location we 
may not distinguish between two soil types of different 
strengths that show identical response to cone penetration. In 
such case a cautious approach must be taken unless geophysical 
survey data or similar is available and allow to distinction of 
layers. 

3  CONCLUSION 

The studied North Sea Post Glacial sand depost classifies as 
fine sand to slightly sand from the performed PSDs. Using the 
Robertson chart provides classification of most samples as 
‘gravelly sand to sand’ similar to the PSD. This includes the 
fine sand samples, which consist of 95 % very fine sand 
(<0.425 mm). In conclusion, the CPT based method does not 
allow consistent interpretation of gradation for this particular 
sand, hence inferring ambiguity in soil interpretation. CPT 
measurements must be supplemented by e.g. geophysical 
surveying to enable more unambiguous interpretation of site 
soil conditions. 
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