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ABSTRACT: Field tests in geotechnical engineering are fundamental for the underground conditions acknowledgement. Particularly 
in sands, which the undisturbed soil specimens’ removal are only possible by freezing techniques, the in situ exploration is more 
representative. The Standard Penetration Test (SPT) is largely used because its simplicity and its known empirical experience. The 
Cone Penetration Test (CPT) stands out because it is capable of tracing the resistance continuously. The Dynamic Probing (DP) is 
commonly used in quality control of compaction of fills because of its portability and the ability to provide rapid measurem
ents. Although these exploration methods measure different penetration index, it is important to find correlations between their 
results. Thus, ongoing experimental work is oriented towards investigating SPT, CPT and DP correlations for sands soils from 
southeast of Brazil. Statistical linear and power regression were carried out with analysis of the residuals distribution. Influence of D50 
in SPT-CPT correlation is also evaluated. The results converge with others proposals found in literature.  

RÉSUMÉ : Les essais sur place en ingénierie géotechnique sont fondamentaux pour la reconnaissance des conditions souterraines. En 
particulier dans les sables, dont l'élimination des échantillons de sol non perturbés n'est possible que par des techniques de congélation, 
l'exploration in situ est plus représentative. Le test de pénétration standard (SPT) est largement utilisé parce que sa simplicité et son 
expérience empirique connue. Le test de pénétration du cône (CPT) se distingue parce qu'il est capable de tracer la résistance en continu. 
Le Dynamic Probing (DP) est couramment utilisé dans le contrôle de la qualité du compactage des remplissages en raison de sa 
portabilité et de la capacité de fournir des mesures rapides. Bien que ces méthodes d'exploration mesurent l'indice de pénétration 
différent, il est important de trouver des corrélations entre leurs résultats. Ainsi, les travaux expérimentaux en cours sont orientés vers 
l'étude des corrélations entre le SPT, le CPT et le DP pour les sols sables du sud-est du Brésil. La régression linéaire statistique et la 
régression de puissance ont été effectuées avec analyse de la distribution des résidus. L'influence de D50 dans la corrélation SPT-CPT est 
également évaluée. Les résultats convergent avec d'autres propositions. 
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1  INTRODUCTION 

Field tests used in geotechnical engineering are fundamental for 
acknowledge of the underlying ground and for foundations 
design. These informations are typically given in the form of 
Standard Penetration Test (SPT) and sometimes Cone 
Penetration Test (CPT) or Dynamic Probing (DP) boring logs. 
The SPT is largely used because its simplicity and the known 
empirical experience with design based on local SPT 
correlations. The CPT stands out due to the simplicity of testing, 
reproducibility of the test results and ability of tracing the 
resistance continuously. The DP is used specially in quality 
control of compaction fills because of its portability, simplicity, 
cost effectiveness, and the ability to provide rapid continuos 
measurements of in situ strength of the undergrounds. (ISSMFE 
1989, Lunne et al. 1997, Odebrecht 2003) 

There is a need for reliable CPT-SPT correlations so that the 
CPT and DP data can be used in existing SPT data based design 
correlations. There are several publications to quantify the 
relationships between SPT and CPT resistance penetration test 
results (Schmertmann 1970, Robertson et al. 1983 and Kulhawy 
& Mayne 1990). In using and interpreting the results from any 
of these correlations, judgment is required to be sure that the 
published correlation pertain to the soil properties and test 
procedures of interest. This paper proposes correlations for the 
region of Vitoria, southeast Brazil. It also investigates the 
influence of the mean particle size (D50) in SPT-CPT 
correlations and DPL-CPT correlations. 
 
2  IN SITU TESTS 

2.1  Standard Penetration Test (SPT) 

The SPT, developed around 1927, is the most popular and 
economical means to obtain subsurface information. Despite of   

the continued efforts to standardize the SPT there are still 
continued problems associated with its repeatability and 
reliability (Robertson et al. 1983, Mello 2014).  

The large scatter between the theoretical and the driven 
energy led to the ISSMFE (1989) to standardize the efficiency 
of SPT, recommending 60% efficiency. Odebrecht (2003) 
suggests that Brazilian test is around 70 and 80% effectiveness. 
Therefore, this paper assumes an efficiency of about 75% for 
the investigated site. Note that larger values of efficiency 
decrease the SPT N-values nearly linearly. Thus, the N-value 
(Blows/300 mm) obtained by the local energy may be transform 
to the standard efficiency (i.e., 60%), where N60 is the corrected 
N and Ni is the measured blow count, as: 

 
iN1,25

60

75iN

60N 


     (1) 
 
As the SPT is carried out, recoverable and disturbed soil 

speciments are produced for every 1m of the tested depth for 
visual inspection and further soil characterization in laboratory.  

2.2  Cone Penetration Test (CPT) 

The CPT consists in obtaining the cone resistance (qc) and cone 
side resistance (fs) of the prospected soil by inserting a cone 
with 60° apex angle at a velocity of 20 mm/s on the ground. It 
is considered one of the best type of in situ test as it gives qc 
and fs data continuously with the depth. 

The disadvantage of the CPT is not collecting samples for 
further characterization as the SPT, but it is compensated by its 
accuracy. Especially in electrical cones which obtains more 
sensitive readings, since there is an automatic acquisition and 
calibration system, and in piezocones in which is possible to 
monitor the poropressure and identify sandy lenses (Lunne et al. 
1997). 
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 2.3  Dynamic Probing (DP) 

The DP is largely used in compaction fills control, as the 
equipment is portable and its execution gives rapid and 
continuous measurements. The execution is similar to SPT, 
where a hammer falls by a standardized height and the number 
of blows is counted for each 100 mm or 200 mm prospected. 
The Equation 2 bellow shows how to transform the blow count 
in dynamic cone resistance (qd), where M is the hammer mass, 
g the gravity aceletarion, H the fall height, Ns the counted 
number of blows, s the interval penetrated and M’ the stems 
mass. 
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There are four types of probes recognized by the ISSMF
E (1989): the Dynamic Probing Light (DPL), the Dynamic
Probing Medium (DPM), the Dynamic Probing Heavy (DP
H) and the Dynamic Probing Super Heavy (DPSH). The 
main differences among the probes are the hammer mass, 
the fall height and the cone tip diameter.  

3  SPT-CPT AND DP-CPT CORRELATIONS  

Although the SPT, CPT and DP measures different types of 
penetration index, SPT-CPT and DP-CPT correlations for 
cohesionless soils are suggested by many publications and are 
widely used in foundation design. Some of them are presented 
and discussed herein.  

3.1   Previous publications on SPT-CPT correlations 
Some previous published SPT-CPT correlations (or SPT N-
value and qc test results) for sandy soils are presented in Table 1, 
where Kc (MPa) represents qc/N60 ratio, qc in MPa. It is 
important to highlight that several of these correlations are 
based on SPT N-values from earlier procedures and it can be 
not standarlized.  In addition, many of these publications do 
not present complete information about soil properties, 
equipment, test procedures and the applied statistical data 
treatment for the inestigated test results.  

Robertson et al. (1983) investigated the influence of the mean 
particle size (D50) in Kc results for different sand soils. Kulhawy 
& Mayne (1990) expanded the database and observed a large 
scatter data.  
 
Table 1. Some previous published SPT-CPT correlations 

References Kc (MPa) 

Remarks 

soil description, local 

and  D50 range 

Schmertmann (1970)* 0.23 
Fine to medium sands  

(Florida, USA) 

Folque (1976) 0.4 – 0.45 D50 (0.2 to 0.6 mm) 

Burland & Burbridge (1985) 0.3 - 1.3 D50 (0.2 to 0.6 mm) 

Viana da Fonseca (1996) 0.5 – 0.9 
Residual soil with weak 
cementation (Portugal)  

D50 (0.2 to 0.6 mm) 

Acka (2002) 0.47 
Sandy deposit with strong 

cementation 
(United Arab Emirates 

Mayne (2006) 0.438 
Sands (Canada, Japan, 

Norway, China and Italia)
D50 = 0.35±0.23 mm 

Shahri et al. (2014) 0.568 Sweden sands 

Lingwanda et al. (2014) 0.37 
Clayey and silty sands 

(Tanzania) 
D50 (mean) = 0.38 mm 

*SPT efficiency is not specified.  

3.2   Previous publications on DP-CPT correlations 
The correlations for DP and CPT are less numerous than SPT-
CPT correlations. Although the DP is dynamic like the SPT, 
there is a strong evidence that DP correlates better with CPT 
(Lingwanda et al. 2014). The qc/qd ratio is termed Ke. 

Waschkowski (1983) suggests that the cone resistance of 
CPT is equivalent to the DP (Ke = 1). However, Viana da 
Fonseca (1996) affirms that this is valid only for homogeneous 
soils. Castello et al. (2001) asserts that there is no study in 
Brazil that confirms the equivalence between qd and qc. 
Gadeikis et al. (2010), using DPSH, obtained Ke ratio ranged 
from 1.6 to 2.5 for Lithuanian fine sands with different relative 
densities. Czado & Pietras (2012) suggests Ke = 1.15 ranged 
from 0.5 to 2.3 for Polish medium sands, the probe used was 
the DPH and the blow count was recorded to every 200 mm of 
the tested depth. 

4  SOIL CHARACTERIZATION AND METHODS 

The test site is located in Vitoria, state of Espírito Santo, 
southeast of Brazil. The superficial sandy layers were formed 
for wind weathering, which lies above organic clays in 8 to 10 
m in depth. The rocky mantle is found to a depth of 20 to 30 m, 
indicating that the geology formation is from the quaternary. 
The ground water was found in about 1.5 m. 

About 12 SPT, 6 CPT and 20 DPL boreholes were driven, 
distanced from the maximum of 1.8 m. Table 2 presents the 
main features of the used SPT, CPT and DPL equipment. 

 
Table 2. The main features of the used SPT, CPT and DPL equipment  

SPT Pin guided safety hammer operated with steel cables.

CPT
Mechanic cone of 100kN capacity operated with rack 

system and two manual handles. qc given for each 250 mm

DPL
Hammer of 10kg mass, fall height of 230 mm, tip of 28.6 

mm diameter. DPL N-values given for each 200 mm

 
Figure 1 presents the penetration index versus depth for each 

test. The large dispersion, especially in SPT, indicates a large 
horizontal and vertical variability in the in situ strength of 
Vitória, ES undergrounds. 

 

 
Figure 1. Variation of the penetration resistance with depth profiles: (a) 
N (SPT) (b) qc (CPT) (c) qd (DPL) 
 

This paper investigates correlations to the medium to fine 
superficial sands with different relative densities. The mean D50 
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  obtained from laboratory test results on disturbed soil 
specimens (SPT test) was about 0.4 mm. D50 values ranged 
from 0.3mm to 0.7mm, and the percent by weight of fines 
fraction (particle sizes smaller 74 m, i.e., 200 mesh sieve) 
ranged from about 0.5% to 3%. Figure 2 present the grain size 
curves for the investigated sandy soils from Vitoria, ES, Brazil 
(GV-ES). 
 

 
Figure 2. GV-ES soils grain size curves 

 
To create the SPT-CPT and DPL-CPT database for GV-ES 

soils, qc results was taken by the average of z to z+500 mm to 
be compatible to SPT, as shown in Figure 3a. To associate qd 
(Eq 2) and qc the comparison was given as shown in Figure 3b. 
SPT N-value was corrected to N60 according to Equation 1. 
 

 
Figure 3. Results comparison (a) SPT-CPT (b) DPL-CPT 

 
Linear regression is the most used statistical approach to 

stablish a relationship between the dependent and explanatories 
variables. Equation 3 shows the simple linear regression general 
model: yi is the dependent variable, xi the explanatory variable, 
a and b are the regression’s coefficients and ei is the error term 
(or residual), given by the difference between the predicted and 
experimental y. In this study there is no intercept (a = 0). 

 

iii exbay      (3) 
 

The Ordinary Least Square (OLS) is the most common 
estimator method to find the regression’s coefficients, which 
relies on the hypothesis of normal distribution of the residuals 
(mean zero and constant variance or homocedasticity) and does 
not assign weights to data points. Therefore, non-checking this 
hypothesis can find skewed and inconsistent coefficients. Thus, 
this paper uses linear regression and analyses the residuals by 
the Kolmogorov-Smirnov test (KS) and Shapiro-Wilk test (SW). 
SW test is more specific and powerful, but recommended only 
in samples up to 30 data (Martins 2007). Hence, the KS test is 
also applied. To validate the correlation the result of these tests 
(p-value) must be greater than the significance, adopted here as 
5%. The histrogram can be used for a graphical evaluation of 
residual’s distribution. It can be assumed as normal if it has a 
Gaussian format (bell curve shape).  

In an effort to evaluate the Robertson et al. (1983) correlation 
with D50, the KS and SW tests were applied to residuals. Then a 
new power correlation is proposed by an external database 
analysis, formed by D50 x Kc pairs with SPT Ei = 60%, from 
different granular soils and regions. 

5  RESULTS AND DISCUSSION 

5.1   SPT-CPT correlations for GV-ES 
The database investigated in this study comprises results from 
36 pairs of qc (MPa) and SPT N60 (Blows/300 mm) for the 
investigated sandy soils from Vitoria, ES, Brazil (GV-ES). The 
value of Kc determined for the investigated database is about 
0.441. Kc ratio values ranged from 0.378 to 0.504. 

It was investigated whether the residuals of the SPT-CPT 
database for sands from GV-ES could be described by the 
normal distribution. Results of KS (p-value = 0.163) and SW 
(p-value = 0.600) tests to a level of confidence of 95% show 
that the residuals’ distribution can be assumed as normal as the 
p-value is higher than 0.05 in both tests (KS and SW). Hence, 
the investigated data results can be validated. 
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Figure 4. SPT-CPT scatter plot for GV-ES sands 

 
Figure 4 presents the scatter plot for this analysis and Kc 

interval. These correlations are valid up to a 6.3 m depth, qc to 
25 MPa, and N60 to 44 blows. The Kc value equals to 0.441 is 
similar to the coefficient shown in Table 1 and determined by 
Folque (1976), Burland and Burbridge (1985), Acka (2002) and 
Mayne (2006). 

5.2   SPT-CPT correlations with D50 

In order to evaluate if the SPT-CPT correlation suggested by 
Robertson et al. (1983) is statistically consistent, KS and SW 
tests were applied to residual’s of the power regression of 39 
data, obtaining p-value = 0.002 to KS test and p-value = 0.232 
to SW test. It is known that the SW test is not recommended to 
a sample size up to 30 data. Hence, it is reasonable to conclude 
that the residuals can not be described with a normal 
distribution since p-value in KS test in inferior to 0.05. Thus, 
the correlation must be used with caution. There is not a 
standardization of the SPT N-value and consequently there is a 
great dispersion in the experimental data results.  

In this way, an external database formed by ten D50 x Kc pairs 
and Ei = 60% from several publications of different granular 
soils and regions was analyzed, obtaining the power regression 
below (Eq. 4). P-value in KS test is 0.907 and 0.389 in SW test, 
therefore residuals can be described with normal distribution 
and Equation 4 can be assumed as consistent. 

 
252.0

50D7.0cK      (4) 
 

 
Figure 5. Variation of Kc (MPa) with D50 for different sandy soils 
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 The results suggest that the value of D50 affects the 
corresponding Kc values. Figure 5 indicates that there is an 
increase in Kc (MPa) value as the D50 increases. It is noted that 
the new proposal (Eq. 4) is similar to Robertson et al. (1983) 
and Kulhawy & Mayne (1990), but valid only for D50 range 
from 0.2mm to 0.6 mm. 

5.3   DP-CPT correlations for GV-ES 
The correlation between 196 qc and qd data for GV-ES sands is 
given by Ke ratio equal to 2.252 (ranged from 2.158 to 2.347). 
P-value in SW test is 0.160 and in KS test p-value = 1,177e-06. 
Although this last p-value is less than the 0.05 significance, the 
residuals’ distribution can be assumed as normal once the 
residuals’ histogram (Figure 6a) has a bell shape and the sample 
size is large, which can damage the hypothesis testing. For that 
reason, the Ke = 2.252 can be validated with extreme caution. 
Figure 6b shows the Ke range and scatter plot of qd and qc. The 
cone resistance in this database is ranged from 0.88 to 11.83 
MPa and qd from 0.34 to 6.84 MPa, the investigated data were 
collected up to 4.0 m depth. 
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Figure 6. DPL-CPT results: (a) Residuals histogram (b) Scatter pl
ot for GV-ES sands. 
 
  It may be recalled that according to Viana da Fonseca (1996) 
Ke = 1.0 will only occur in homogenous soils. Thus the 
observed no equivalency between qc and qd may be indicative 
of the heterogeneous underground conditions in the investigated 
site. The obtained correlation is similar to the results observed 
by Gadeikis et al. (2010) and Czado & Pietras (2012). Although 
the DP used in these publications are different from the probe 
used in GV-ES, and for such the theoretical energy is lower in 
this study, equation 2 considers characteristics that influence the 
energy. Therefore, calculated qd can be compared for different 
dynamic probes, this explains the proximity of Ke in these 
studies. 

6  CONCLUSIONS 

This paper presented some SPT-CPT and DP-CPT empirical 
correlations. The following conclusions can be pointed out: 
 The penetration index given by the SPT, CPT and DP can 

be correlated by linear or power equations. To validate 
the regressions it is important to analyse the residuals’ 
distribution. In this paper, this was performed through KS 
and SW hypothesis test and through the histogram plot. 

 The obtained Kc ratio to GV-ES sands is similar to those 
presented by Folque (1976), Burland & Burbridge (1985), 
Acka (2002) and Mayne (2006), residuals could be 
described by the normal distribution. 

 Statistical analysis of the SPT-CPT correlation proposed 
by Robertson et al. (1983) proposed did not returned 
normal residuals, probably because the SPT N-value 
efficiency is not standardized. 

 By the analysis of an external database of Kc and D50 with 
Ei = 60%, there is a tendency of increasing D50 as Kc 
increases. The suggested power regression is consistent as 
the residuals can be described by the normal distribution 
and can be used for D50 among 0.2-0.6 mm. 

 The found Ke is similar to those presented by Gadeikis et 
al. (2010) and Czado & Pietras (2012), although the 
probes are different and gives distinct theoretical energies. 
However, the presented Ke must be used with caution 
since in KS test p-value is less than 0.05. 

 Waschkowski (1983) recommendation that qd = qc was 
not observed for the investigated GV-ES soils, probably 
because it is valid only in homogenous soils. 

Finally, it is important to investigate the effect of soil 
properties changes (i.e., fine content and relative density) on 
SPT, CPT and DP correlations data for different sandy soils. 
We leave it for future work.  
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