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ABSTRACT 

Correlations between standard penetration test (SPT) and cone penetration test (CPT) are often crucial because the very 
common and cost-effective SPT may reliably predict the expensive CPT-based layer-wise bearing strength of the soil. This study 
intends to establish correlations between SPT-N60 values to different CPT parameters such as cone tip resistance (qc), sleeve friction 
( fs), soil behavior type index (Ic), fines content (Fc%), and mean grain size (D50) for various soil types of Jolshiri Area of Dhaka 
City. In this study, four types of soil are identified from the dredged river sediments namely, poorly graded sand (SP), clayey silt 
(ML), silty sand (SM), and silty clay (CL). Both statistical and arithmetic approaches are followed to develop the correlation 
equations. Primarily, this study finds a linear relationship between SPT-CPT parameters for various soil types. Initially, a total of 
638 data pairs are selected to develop correlations between SPT-N60 and qc for each soil type. A reasonably good correlation is 
observed between qc and N60 with regression coefficients greater than 0.70 for each soil type except silty sand (SM). Afterward, 
data filtration is performed to determine more accurate correlations for each soil type. The relationships between SPT-N60 and CPT-
fs for each soil type demonstrate moderate correlations between them. In this study, an improved correlation between qc/N ratio and 
mean grain size (D50) is also proposed. A linear relationship is also developed to capture the correlations between qc/N ratio, soil 
behavior type index (Ic), and fines content (Fc%). 

Key words: SPT, CPT, correlations, fines content, sleeve friction, tip resistance, dredged sediment.

1.  INTRODUCTION 
The two in situ tests most frequently used to define soil strata 

and ascertain the geotechnical engineering properties of subsur-
face soils are the standard penetration test (SPT) and the cone pen-
etration test (CPT). The SPT was the most often performed field 
test to evaluate the geotechnical parameters of granular materials 
due to its simplicity, low cost, and several well-established SPT-
based geotechnical design approaches in the literature. Several ge-
otechnical design properties like bearing capacity, skin friction, or 
end bearing can be determined using SPT-N values (Tarawneh 
2014). Standard penetration test (SPT) is a widely used in-situ test 
for geotechnical investigations in Bangladesh. Foundations in 
Bangladesh are typically designed using SPT-N values and lab test 
data. On the other hand, the cone penetration test (CPT) is gaining 
popularity worldwide as an in-situ test for site investigation and 
geotechnical design. The CPT has been viewed as an alternative to 
the SPT because of its dependability, repeatability, and standardi-
zation. CPT tests are primarily conducted in Bangladesh for major 
projects only because of their high cost and not available for rou-
tine practice, i.e., local contractors do not offer them (Arifuzzaman 
and Anisuzzaman 2022). As a result, only in a few selected con-
struction projects, the findings of static cone penetration tests are 

utilized for final design and construction quality control. In con-
trast, standard penetration test results are used to calculate soil 
properties during the preliminary design stage or vice versa (Alam 
et al. 2018).  

The CPT is achieving prominence in subsoil investigation due 
to its speedy and convenient way of measuring continuous soil 
stratigraphy. There are a good number of researches where SPT-
CPT correlations were investigated in the literature (Jamiolkowski 
et al. 1985; Seed and De Alba 1986; Kulhawy and Mayne 1990; 
Jefferies and Davies 1993; Stark and Olson 1995; Suzuki et al. 
1998; Baez et al. 2000). In those works, the researchers worked 
with the parameters like SPT-N60 value, cone tip resistance (qc), 
the qc/N ratio, the mean grain size (D50), the fines content (Fc) of 
the soil, and the soil behavior index (Ic). It was suggested by some 
researchers that a ratio n = qc/N (qc in MPa) for different soil types 
can be a stable parameter that can be used for design applications 
(Schmertmann 1970). In that particular study, the author recom-
mended N-values as 0.2 MPa; for clean, fine-to-medium sand and 
slightly silty sand, 0.3-0.4 MPa; for coarse sand and sand with little 
gravel, 0.5-0.6 MPa; and for sandy gravel, and 0.8-1.0 MPa for 
gravel. Another study on the SPT-CPT correlation claimed that a 
better correlations between fs (sleeve friction) and N-value may be 
created, particularly for cohesive soils, in place of the correlation 
of qc with N-value. Among the different areas, SPT-CPT parame-
ters were correlated for Brazilian soil (Danziger and Velloso 1995). 
The values obtained by their findings were within the same range 
that was suggested by Schmertmann (1970).  

The qc/N ratio was established by Robertson et al. (1983) as 
a function of the mean grain size, D50. This study conducted the 
cone penetration test considering pore pressure measurement tests 
(CPTU) and also proposed a soil behavior type classification. Jef-
feries and Davies (1993) presented a soil categorization chart that 
estimated N values, and Lunne et al. (1997) agreed with their work. 
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Using a piezo-cone, this innovative idea evaluates qc by account-
ing for pore water pressure (u) and overburden stress (σ′vo). Ismael 
and Jeragh (1986) developed a correlation for clean, fine to me-
dium sands and slightly silty sands in Kuwaiti calcareous deserts 
and compared it to values with that proposed by Schmertmann 
(1970). They found higher correlation values than Schmertmann. 
They also found a close relationship between the qc/N ratio and 
D50, as developed by Robertson et al. (1983). 

Table 1 summarizes the previously developed correlations as 
found in the existing literature. The existing correlations could be 
divided into three distinct groups (Shahien and Albatal 2014). They 
are based on (A) median grain size, D50; (B) fines content, Fc%; and 
(C) soil behavior type index, Ic. In the majority of the correlations, 
the variable is a ratio of (qc/Pa)/NER, where, qc is the CPT tip re-
sistance, Pa is the atmospheric pressure, and NER is the SPT-N value 
with the energy ratio of the hammer used in the field test. In some 
correlations, no ER value is shown, meaning the energy ratio for 
those correlations is unknown. According to the majority of previ-
ous research, an approximate, more or less average relationship was 
found. The majority of them excluded correlation coefficients or 
standard deviation. However, recent studies have shown that apply-
ing statistical methods would significantly help to improve correla-
tions and indicate the reliability of the developed correlations (Akca 
2003). In this study, both statistical and average arithmetic ap-
proaches are used to develop required correlations.  

As many soil parameters are related to the SPT-N value, and 
only SPT data is typically available in most cases, the correlation 
of CPT data with the SPT-N value is very effective. Unfortunately, 
there is very limited study on the SPT-CPT correlation, particu-
larly on reclaimed land from dredged sediments. To accommodate 

a large 20 million population, Dhaka city is expanding towards its 
outer periphery as happened to the Jolshiri area. Recently, this area 
has been reclaimed by the dredged sediments of the nearby river. 
This study aims to explore the SPT-CPT correlation of the Jolshiri 
Area of Dhaka. 

2.  SITE SELECTION AND FIELD TEST 

Jolshiri Abasion area is made up of a soft organic layer that is 
between 3 and 6 meters thick, a layer of soft silty soil that is be-
tween 25 and 35 meters deep, and a layer of dense silty sand that is 
very deep. The area of the depression has recently been raised, pri-
marily through hydraulic fill made of dredging silty sand gathered 
from neighboring rivers. The selected study area is shown in Fig. 1, 
located in the extension of Dhaka city. The figure shows the CPT 
location and the nearby SPT locations of the Jolshiri area. 

Primarily, standard penetration tests (SPT) were carried out 
following ASTM D 1586 at 1.5 m intervals to identify relative 
density/consistency and classify soil at various elevations, includ-
ing collecting disturbed soil samples from each interval following 
the specifications of the engineer. The cone penetration test (CPT) 
is the most effective in-situ method for evaluating soil stratigraphy 
and geotechnical properties of soil (Duan et al. 2018). Using a spe-
cial mobile penetrometer rig propelled by water pressure, the cone 
descends to ground level without using a borehole (Clayton 1995). 
Most modern penetrometers can use an electronic pressure trans-
ducer to measure the pore water pressure. These penetrometers are 
called “piezocones”. It measures the equilibrium value (called uo) 
or piezometric level at that depth when porewater pressure be-
comes constant. 

Table 1   Summary of Existing SPT-CPT Correlations (Shahien and Albatal 2014) 

No. Reference Correlation Comment 
(A) Correlations based on median grain size, D50 

 Muromachi and Kobayashi (1982) (qc/pa)/N = 5.48 + 1.36 log10 D50  
 Robertson et al. (1983) (qc/pa)/N55 = 7.5 (D50)0.26  
 Burland et al. (1985) (qc/pa)/N = 8.0 (D50)0.30  
 Seed and De Alba (1986) (qc/pa)/N60 = 6.0 (D50)0.24  
 Andrus and Youd (1989) (qc/pa)/N60 = 4.95 (D50)0.168  
 Kulhawy and Mayne (1990) (qc/pa)/N = 5.44 (D50)0.26  

 Suzuki et al. (1998) 
(qc/pa)/N = 11.1 (D50)0.261 
(qc/pa)/N = 8.4 (D50)0.225 
(qc/pa)/N = 6.0 (D50)0.165 

0 ≤ N < 10 
10 ≤ N < 30  

30 ≤ N, Fc ≤ 20  
(B) Correlations based on fines content, Fc% 

 Jamiolkowski et al. (1985) (qc/pa)/N64 = 4.90 − 0.03 × Fc (%)  
 Chin et al. (1988) (qc/pa)/N55 = 4.70 − 0.05 × Fc (%)  
 Kulhawy and Mayne (1990) (qc/pa)/N = 4.25 − 0.024 Fc (%)  

 Suzuki et al. (1998) 
(qc/pa)/N = 0.0026 Fc

2 – 0.263Fc + 12.34 
(qc/pa)/N = 0.00085 Fc

2 – 0.120Fc + 8.733 
(qc/pa)/N = 0.0001 Fc

2 – 0.059Fc + 5.59 

0 ≤ N < 10  
10 ≤ N < 30 

30 ≤ N, Fc ≤ 20 
(C) Correlations based on soil behavior type index, Ic 

 Jefferies and Davies (1993) (qc/pa)/N60 = 8.5 (1 − Ic/4.75)  
 (Lunne et al. 1997) (qc/pa)/N60 = 8.5 (1 − Ic/4.6) Modified definition of Ic based on Robertson and Wride (1998)
 Robertson (2012) (qc/pa)/N60 = 10 (1.1268 − 0.2817Ic)  

 Suzuki et al. (1998) 
(qc/pa)/N = 31.25 exp (−0.68Ic) 
(qc/pa)/N = 18.60 exp (−0.54Ic) 
(qc/pa)/N = 10.21 exp (−0.35Ic) 

0 ≤ qt < 5  
5 ≤ qt < 15  

15 ≤ qt 
(D) Correlations based on other variables or other forms 

 Idriss and Boulanger (2006) 
(qc1/pa)/(N1)60 = (2.092Dr + 2.224)3.788/46(Dr)2 
Dr = 0.478(qc1/pa)0.264 – 1.063, (qc1/pa > 21) or 
Dr = ((N1)60/46)0.5 

qc1 and (N1)60 are qc and N60 respectively, corrected for σ′vo 

 Hayati and Andrus (2009) (N1)60CS = 0.356(qc1−CS)0.851 Holocene sand, Fc < 20% 
Ic < 2.25 

 Souza et al. (2012) (qc/pa) = 10.6(N60)0.71 Fc < 10% 
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Fig. 1  Maps of (a) the Jolshiri area, the nearby river, sectors, and (b) SPT-CPT plot locations 

In this study, a penetrometer tip with a conical point, a 60° 
apex angle, and a cone base area of 10 or 15 cm2 were pushed into 
the soil at a constant rate of (20 ± 5) mm/s. Electrical methods were 
used to determine the force needed to penetrate the soil at least 
every 50 millimeters on the conical point (cone). Cone resistance, 
qc, was obtained by dividing the measured force (total cone force) 
by the cone base area. At least every 50 mm of penetration, a fric-
tion sleeve was present on the penetrometer just behind the cone 
tip, and electrical methods measured the force acting on the sleeve. 
Sleeve resistance, fs, was calculated by dividing the recorded axial 
force by the friction sleeve’s surface area. Figure 2 shows that the 
cone penetration test was conducted for this study. 

  
(a) Instrumentation for the CPT test      (b) Data collection at the site 

Fig. 2  Cone penetration test at soil site 

3.  SUBSOIL CHARACTERISTICS OF THE 
STUDY AREA 

A total of fifteen residential plot area was selected for the data 
collection. Among them, six plots where both SPT and CPTs are 
conducted. In the remaining nine plots, only SPT tests were per-
formed. Using friction ratio (Rf %), soil types can be identified 
from the SBT chart developed by Robertson (1990) and Robertson 
(2010). Different soil types in this study are determined using the 

chart as shown in Fig. 3. It can be shown from Fig. 3 that the ma-
jority of soil types from this study fall in zones 3, 4, 5, and 6, where 
zone 3 is silty clay to clay, 4 is clayey silt to silty clay, 5 is silty 
sand to sandy silt, and 6 is clean sand to silty sand. Considering 
laboratory tests, soil behavior type (SBT) chart, and field identifi-
cation of soil types of SPT, mainly four (4) types of soil are found 
in these areas: fine sand (SP), clayey silt (ML), silty clay (CL), 
silty sand (SM). Besides, silty-clayey sand (SC-SM), sandy silt 
(MS) & CL-ML are also found at very few depths. The samples 
were taken during SPT testing, and the soil particle percentages 
were determined based on laboratory tests, as shown in Table 2.  

Similar soil types are evidenced in the majority of the bore-
hole locations where subsoil comprises a layer of fine sand of 
about 1.5 m to 10.5 m. Among them, two plots are identified where 
fine sand is found from 28.5 m to 36 m in depth. Clayey silt is 
generally found in the depths of 9 m to 37.5 m of the majority of 
plot locations. However, clayey silt is also found in some scattered 
depths at a few plots. On the other hand, silty sand is found from 
39 m to 45 m. In the case of silty clay, no general range of depth 
can be identified. Silty clay is found in scattered depths and varies 
from plot to plot. The soil characterization also revealed that fine 

  
Fig. 3  Identifying soil types of the Jolshiri area using the SBT 

chart (Robertson 2010) 
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Table 2  Percentages of sand and fines content in the site soil 

Soil types No. of tests Percentage of soil particles 
% sand fines content 

Poorly graded sand (SP) 17 78% - 98% 2% - 22% 
Clayey silt (ML) 55 1% - 45% 55% - 99% 
Silty sand (SM) 37 54% - 94% 7% - 46% 
Silty clay (CL) 10 20% - 45% 55% - 80% 

sand and silty sand usually contain over 80% sand and 60% sand 
particles, respectively. The clayey silt and silty clay consist of over 
55% of the fines content that may reach up to 99%.  

4.  FIELD DATA  

Fifteen (15) individual plots were selected to conduct the field 
tests and collect data. In those plots, a total of six CPTs and 43 
SPTs were performed in the Jolshiri Area. Two SPTs were per-
formed nearby each CPT test location, totaling 12 SPTs (out of 43) 
that were used as direct correlations. The locations of CPT tests 
and nearby SPT test locations are presented in Fig. 1. SPT N60 -
CPT and qc graphs with depth are shown in Figs. 4 and 5. The 
maximum depth of the bore log from the existing Ground Level 
was 45 m. Table 3 shows the number of plots where only SPT tests 
are performed and where both SPT and CPT tests are performed. 
According to laboratory tests (such as grain size analysis, hydrom-
eter analysis, and the Atterberg limits test), the soil profile in each 
SPT boring log is classified into several soil layers.  

SPT data were taken in each 1.5 m interval, whereas CPT pa-
rameters were recorded in each 1 m interval (as per soil report). To 
match the depth, interpolation has been performed for CPT param-
eters and SPT values. Therefore, the CPT parameters are equiva-
lent to each depth SPT-N value of both SPT boreholes. For exam-
ple, Fig. 5 shows that at 25.5 m depth, SPT-N values are 14 and 10 
for boreholes 1 and 2, respectively. The qc value obtained from 
CPT at the same depth is 2.5 MPa. Therefore, at this depth, two 
unique (N, qc) data pairs, (14, 2.5) and (10, 2.5) were found. This 
strategy was followed to find the unique SPT-N-CPT qc; SPT-N-
CPT fs data pairs at each depth for the plots where both SPT and 
CPT tests were performed. A total of 300 SPT-N-CPT qc; SPT-N-
CPT fs data pairs were observed for all soil types from the six SPT 
CPT plots. It is assumed that the non-CPT plots, of which SPT 
graphs are quite similar to the reference plot’s SPT graph and they 
have the equivalent cone tip resistance, qc values. The idea behind 
this assumption was the source of the reclaimed soil used to fill the 
studied area. Since the entire area was filled by dredge soil col-
lected from the nearest river bed and the soil parameters of the 
reference plot are quite close to the other non-CPT plots, the data 
pair can be approximated from the conducted CPTs.  

For the non-CPT zones, the SPT data is very much similar up 
to 30 m depth for all boreholes (as they are mainly dredged river 
sediment). Therefore, it can be inferred that up to that depth, the 
soil properties of the non-CPT plots are identical to the reference 
plot (nearby the CPT test). Based on this idea, it is assumed that in 
those non-CPT plots, the cone tip resistance (qc) and sleeve friction, 
fs values up to 30 m depth, are equivalent to the qc values of the 
reference plot. Thus, unique SPT-N and CPT qc; SPT-N and CPT 
fs pairs are found for the non-CPT plots. Based on this correlation 
strategy, a total of 338 data pairs for all soil types was recorded 
and that makes a total of 638 data pairs.  

The basic statistical parameters of all 638 data have been pre-
sented in Table 4. It can be seen from Table 4 that the SPT-N60 and 
the CPT qc vary in a wide range for the fine sand. The SPT-N60 of 
the fine sands has been found in a range of 1-50 with a mean of 8 
and a standard deviation of 7.72. Higher values of skin friction are 
observed for the clayey silt and silty sand. The lowest values of qc 

and skin friction have been observed for silty clay. The mean value 
of D50 is 0.103 with a standard deviation of 0.096, whereas the SBT 
index Ic varies in a range of 1.57-3.86. The soil properties typically 
reflect the standard dredged river sediments, i.e., alluvial deposi-
tion in the rivers of the delta region of South Asia. 

4.1  Data Interpretation and Data Matching 

In this study, field SPT-N values are further corrected for the 
field as per standard procedures. Many authors in the literature 
(Akca 2003; Feda Aral and Gunes 2017; Hore et al. 2018; Ari-
fuzzaman and Anisuzzaman 2022) have developed correlations 
based on N60, where field N value is corrected for 60% of the ham-
mer efficiency. Corrected SPT-N60 can be calculated from field 
SPT-N using the following formula from Das and Sivakugan 
(2018). 

SPT-N60 = 
N

0.60
H B S R fE C C C× × × ×

 (1) 

where N60 = SPT-N value corrected for field procedures; CB = bore-
hole diameter correction; CS = sampler correction; CR = rod length 
correction; EH = hammer efficiency (%); Nf = SPT value recorded 
in the field. 

The SPT-N values at the same elevation were compared to the 
qc and fs values. SPT results were collected from 1.5 m intervals, 
whereas CPT outputs were collected from 1 m intervals. To merge 
the values from SPT and CPT at the same axis, linear interpolation 
was performed to find the CPT parameters at the same depth of SPT 
values, as SPT value intervals are larger than CPT. CPT parameters 
are correlated by taking SPT-N values as a reference in the plots 
where only the SPT test is done. According to Jarushi et al. (2015), 
each type of soil from all boreholes is separated and then combined 
into a single analysis is necessary for the correlation process. The 
stronger the correlation, the nearer the correlation coefficient to 1 
(+ or −). According to Yusof and Zabidi (2018), the relationship 
between any parameters can be classified as R2 < 0.3 (no correla-
tion), 0.3 < R2 < 0.499 (mild correlation), 0.5 < R2 < 0.699 (moder-
ate correlation), 0.7 < R2 < 1 (strong correlation). 

4.2  Data Training (Filtration) 

In order to improve the correlation values between SPT and 
CPT data, a data training process is adopted based on data con-
sistency. Inconsistent data, data away from general trends, are 
eliminated to make the relationship as accurate as possible. 
Though 638 data pairs are selected initially for all soil types, data 
from some depths are eliminated after training due to incon-
sistency. It is observed from the field data that many of the SPT-N 
values were recorded much higher than 50. Initially, they were rec-
orded as N values of 50. However, once field SPT-N values were 
corrected following field procedures (N60), these values showed 
less consistency with the other data sets, and the correlation between 
SPT-N60 and CPT qc was less. Therefore, we screened out those 
data sets. Therefore, SPT-N values of precisely 50 or close to 50 
were chosen carefully.  
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Plot 4, Sector 9                        Plot 2, Sector 13                       Plot 6, Sector 11 

 
Plot 7, Sector 13                        Plot 7, Sector 14                       Plot 7, Sector 16 

 
Plot 12, Sector 12                        Plot 18, Sector 11                      Plot 32, Sector 11 

Fig. 4  SPT-N values with depth of different boreholes of 9 plots 
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Plot 3, Sector 13                            Plot 1, Sector 11                            Plot 3, Sector 16 

     
Plot 11, Sector 11                           Plot 6, Sector 17                            Plot 11, Sector 12 

Fig. 5  SPT-N and CPT-qc with depth of different boreholes of 6 plots 

Table 3  Summary of SPT-CPT boreholes 

Plot number Sector number No. of SPT tests No. of CPT tests Penetration depth (m)-SPT Penetration depth (m)-CPT 
4 9 3 None 45 − 

18 11 3 None 45 − 
32 11 5 None 45 − 
6 11 3 None 40.5 − 
7 16 5 None 37.5 − 
7 13 3 None 39 − 
7 14 3 None 42 − 

12 12 3 None 45 − 
2 13 3 None 45 − 
3 13 2 1 37.5 30 
1 11 2 1 40.5 40 
3 16 2 1 39 40 

11 11 2 1 40.5 41 
6 17 2 1 37.5 37 

11 12 2 1 40.5 43 
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Besides, it is also observed that some data were deviating 
from the general data trend. Those data sets were considered as 
inconsistent data, and they were also screened out. Based on these 
two criteria, a total of 115 data pairs were screened out for all soil 
types. Therefore, a total of 523 data pairs (out of 638) are selected 
after training for all soil types. In the case of D50, 28 values are 
selected from all soil types. Table 4 shows all data statistics, and 
Table 5 shows trained data statistics for each soil type. The statis-
tical analysis is performed using SPSS, a statistical computer pro-
gram. 

5.  RESULTS AND DISCUSSIONS 

Results are presented in terms of the correlations between 
CPT-qc and SPT-N (N60), CPT-fs and SPT-N (N60), qc and N60 with 
mean grain size, D50, qc and N60 with soil behavior type index, (Ic ), 
qc and N60 with fines content, Fc(%) and qc/N ratios for different 
types of soil. 

5.1  Correlation between CPT-qc and SPT-N (N60) 

Correlation between qc and N60 for all data and trained data 
are shown in Figs. 6 and 7. Figure 6 shows that except for     
silty sand, coefficient of determination (R2) values for other soil   
types are above 0.7, indicating a strong correlation between the 
parameters. The non-linear (power) correlation is found higher 

than the linear correlation for silty sand. Table 6 compares the re-
sults for each soil type for all data using linear and non-linear cor-
relation equations.  

According to a recent study conducted in Bangladesh by Hore 
et al. (2018), based on reclaimed areas of Dhaka city, proposed 
correlations are 

qc = 1.5538 × N600.31  (sand; R2 = 0.120) (2) 

qc = 0.3373 × N600.6284  (silt; R2 = 0.314) (3) 

qc = 0.5637 × N600.3447  (clay; R2 = 0.149) (4) 

It is to be noted that the correlation found in this study follows 
a similar pattern as developed by Hore et al. (2018). However, a 
relatively strong correlation is found for every soil type in the pre-
sent study. In the previous study, only non-linear correlations were 
developed. However, linear and non-linear both correlations have 
been developed in this study. In the previous study, ten different 
locations were used to collect data, and in this study, one large 
reclaimed area is considered where every borehole is close to each 
other.  

Jarushi et al. (2015) developed correlations between SPT-
CPT for various soil in Florida. According to this study, 

qc = 0.291 N + 2.43 (fine sand; R2 = 0.60)  (5) 

qc = 0.12 N + 5 (silty sand; R2 = 0.35) (6) 

Table 4  Statistics of all data 

Soil type No. of data Variables Mean Standard 
deviation Max. Min. Range 

Poorly graded sand (SP) 126 
N60 8.0 7.72 50 1 49 
qc  (MPa) 3.34 3.73 22.86 0.504 22.360 
fs  (kPa) 41.09 50.42 304 8 296 

Clayey silt (ML) 427 
N60 5.60 5.69 50 1 49 
qc  (MPa) 1.01 1.41 15.60 0.390 15.215 
fs  (kPa) 15.98 44.50 552 3 549 

Silty sand (SM) 32 
N60 34.91 19.06 50 1 49 
qc  (MPa) 8.01 6.79 22.86 0.483 22.381 
fs  (kPa) 181.03 176.53 635 4 631 

Silty clay (CL) 53 
N60 6.25 4.43 17 1 16 
qc  (MPa) 1.04 0.51 2.71 0.504 2.205 
fs  (kPa) 18.91 20.27 81 5 76 

All types oφ σoil 
28 D50 (mm) 0.103 0.096 0.342 0.0083 0.342 

300 SBT index, Ic 2.92 0.52 3.86 1.57 2.29 

Table 5  Data statistics for trained data 

Soil type No. of data Variables Mean Standard 
deviation Max. Min. Range 

Poorly graded sand (SP) 105 N60 7.53 7.71 50 1 49 
qc  (MPa) 3.49 4.05 22.864 0.504 22.360 

Clayey silt (ML) 347 N60 5.43 5.75 50 1 49 
qc  (MPa) 0.97 1.21 12.544 0.390 12.154 

Silty sand (SM) 23 N60 27.04 18.62 50 1 49 
qc  (MPa) 3.58 2.59 8.142 0.483 7.659 

Silty clay (CL) 48 N60 6.31 4.49 17 1 16 
qc  (MPa) 1.003 0.48 2.385 0.504 1.881 
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(a) Poorly graded sand                                (b) Clayey silt 

  
(c) Silty sand                                (d) Silty clay 

Fig. 6  Correlation between CPT-qc and SPT-N60 for different soil types 

The linear correlation observed in this research follows a sim-
ilar pattern to that established by Jarushi et al. (2015). However, 
there are some dissimilarities in the correlations, which is under-
standable given the vast array of differences in soil characteristics 
worldwide. They evaluated the correlations between field tests and 
soil property using linear equations because they are straightfor-
ward and convenient. Following Jarushi et al. (2015), the prelimi-
nary attempt of this research is also to present the correlations us-
ing a linear relationship of the form y = mx + b. Non-linear corre-
lations between the soil parameters are also explored.  

After data training, 70%-90% of all data are selected for each 
soil type. The correlations between qc and N60 for trained data are 
shown in Fig. 7. The figure shows improved correlations between 
SPT-N60 and CPT-qc in trained data for each soil type. Table 7 
compares the results for each soil type for trained data using linear 
and non-linear correlation equations. 

5.2  Correlation between CPT-fs and SPT-N (N60) 

Most research projects were focused on qc and N relationships. 

The cone tip resistance (qc) value is thought to be more reliable 
than sleeve friction ( fs). The CPT fs significantly impacts the accu-
racy of identifying the soil behavior type, although generally rec-
ognized as less reliable than cone tip resistance.  

According to Lunne and Andersen (2007), the inaccuracy of 
the sleeve friction measurement is related to several factors, in-
cluding pore pressure effects on both ends of the sleeve, design 
tolerance between the cone and sleeve, sleeve surface roughness, 
and load cell design and calibration. This study developed corre-
lations between CPT-fs and SPT-N (N60) for each soil type, as 
shown in Fig. 8. Correlations between fs and N60 are developed us-
ing all data. Table 8 summarizes the correlation equations between 
fs and N60 for each soil type. 

Figure 8 shows that fs and N60 show less correlation than qc 
and N60 except for fine sand. For fine sand, a strong correlation is 
observed between fs and N60. For other soil types, a mild correla-
tion is found between fs and N60. Jarushi et al. (2015) have devel-
oped correlations between SPT-CPT parameters for various soils 
in Florida. 
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(a) Poorly graded sand                                   (b) Clayey silt 

 
(c) Silty sand                                 (d) Silty clay 

Fig. 7  Correlation between qc and N60 based on training data 

Table 6  Summary of qc and N60 relationships for all types of soil 

Table 7  Summary of qc and N60 relationships for all types of soil (trained data) 

Soil description (USCS) 
Correlation equations Correlation coefficient, R2 

Trained data 
Linear Power Linear Power 

Poorly graded sand (SP) qc = 0.4916 N60 – 0.2047 qc = 0.5684 (N60)0.8443 0.87 0.46 
Clayey silt (ML) qc = 0.1921 N60 − 0.0714 qc =0.3517 (N60)0.5788 0.84 0.64 
Silty sand (SM) qc = 0.1345 N60 − 0.0535 qc = 0.2335 (N60)0. 8185 0.93 0.89 
Silty clay (CL) qc = 0.0929 N60 + 0.4166 qc = 0.4898 (N60)0.4022 0.77 0.64 

Soil description (USCS) 
Correlation equations Correlation coefficient, R2 

All data 
Linear Power Linear Power 

Poorly graded sand (SP) qc = 0.4138 N60 + 0.0371 qc = 0.6714 (N60)0.7197 0.73 0.39 
Clayey silt (ML) qc = 0.2156 N60 − 0.199 qc = 0.3612 (N60)0.552 0.75 0.53 
Silty sand (SM) qc = 0.2794 N60 − 1.739 qc = 0.1633 (N60)1.0408 0.61 0.82 
Silty clay (CL) qc = 0.0967 N60 + 0.439 qc = 0.5014 (N60)0.4097 0.70 0.60 
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(a) Poorly graded sand                            (b) Clayey silt 

 
(c) Silty sand                                (d) Silty clay 

Fig. 8  Correlation between fs and N60 for different soil types based on all data 

Table 8 Summary of fs and N60 relationships for all types of soil 
based on all data 

Soil description (USCS) Correlation equations Correlation coefficient, R2

Poorly graded sand (SP) fs = 5.7317 N60 – 4.7519 0.77 
Clayey silt (ML) fs = 5.9951 N60 – 17.585 0.59 
Silty sand (SM) fs = 6.6999 N60 – 52.836 0.52 
Silty clay (CL) fs = 3.4112 N60 – 2.3888 0.56 

According to this paper, 

fs = 2.4 N + 33   (Poorly graded sand; R2 = 0.33) (6) 

fs = 0.5 N + 92   (Silty sand; R2 = 0.05) (7) 
It has been noticed that the correlation found in this study fol-

lows a similar trend as developed by Jarushi et al. (2015). 

5.3  Correlation between qc and N60 with mean grain size, D50 

Numerous investigations have been conducted to determine 
the relationship between SPT-N and CPT-qc. There is now a large 

variety of qc/N ratios, which causes a lot of misperception. The 
published qc/N ratio changes can be partially explained by devel-
oping a correlation between qc/N ratios and mean grain size, D50. 
According to Robertson et al. (1983), the qc/N ratio increases with 
grain size. A correlation between (qc/pa)/N60 vs D50 has been pro-
posed by Robertson, where pa = atmospheric pressure (100 kPa). 
The mean grain size (D50) for current research is found between 
0.008 to 0.342 mm. The data used in this study matches the trend 
suggested by Robertson et al. (1983), as depicted in Fig. 9. 

For granular soil, several correlations have been proposed to 
relate qc and N60 against the mean grain size (D50 in mm). These 
correlations are in the form of 60 50( / ) / ( ) a

c aq P N c D= ; where 
c and a values are variables. It is found that a correlation between 
qc/N ratio and D50, developed in this study, are practically similar 
to the developed correlation by Robertson et al. (1983). According 
to the current research, 

0.4977
50

60

( / ) 5.3084 ( )c aq P D
N

=  (8) 
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Fig. 9 Correlation between the mean grain size (D50) and the ra-

tio of the CPT tip resistance (qc) and the SPT-N value 

According to Robertson et al. (1983), 

0.31
50

60

( / ) 5.75 ( )c aq P D
N

=   (9) 

Minor variation may occur due to the fact that a wide range 
of D50 from 0.0083 mm to 0.3417 mm was observed. c and a val-
ues determined in this study are compared with other previous 
studies as presented in Table 9 (Das and Sivakugan 2018). It’s ob-
served that the c and a values developed in this study are close to 
previous authors. 

Table 9  Comparison of c and a 

Reference  Values in literature Current study 
 c a c a 

Burland et al. 
(1985) 

Upper Limit 15.49 0.33 

5.30 
(R2 = 0.78) 

0.49 
(R2 = 0.78)

Lower Limit 4.9 0.32 

Robertson et al. 
(1983) 

Upper Limit 10 0.26 
Lower Limit 5.75 0.31 

Kulhawy and 
Mayne (1990)  5.44 0.26 

Anagnostopou-
los et al. (2003)  7.64 0.26 

5.4  Correlation between qc and N60 with soil behavior 
type index, Ic 

The correlation between (qc/Pa)/N60 and soil behavior type in-
dex, Ic, is displayed in Fig. 10. The figure shows that (qc/pa)/N60 
value decreases as Ic increases. It is also evident that the correlation 
between (qc/Pa)/N60 and Ic is almost identical to prior researchers’ 
reported relationships. According to Arifuzzaman and Ani-
suzzaman (2022), 

(qc/Pa)/N60 = 7.9 (1 − Ic/4.8);    R2 = 0.2091 (10) 

According to Lunne et al. (1997), 

(qc/Pa)/N60 = 8.5 (1 − Ic/4.6)  (11) 

 
Fig. 10 Correlation between the soil behavior type index, Ic, and 

the ratio of the CPT tip resistance to the SPT-N value 

According to Hore et al. (2018),  

(qc/Pa)/N60 = −3.095 × Ic + 9.898;    R2 = 0.3042 (12) 

According to the current study, 

(qc/Pa)/N60 = 10.12 (1 − Ic/4.25);    R2 = 0.2112 (13) 

The correlation coefficient (R2) of (qc/pa)/N60 with the soil be-
havior index (Ic) is found only 0.2112, indicating a less significant 
linear correlation between them as observed in the previous studies.  

5.5  Correlation Between qc and N60 with Fines Content, 
Fc(%) 

The correlation between (qc/Pa)/N60 and fines content, Fc, is 
shown in Fig. 11. In this study, both coarse-grained and fine-
grained soils are found. It’s found that fines content value varies 
from 2% to 46% for coarse-grained soil, and for fine-grained soil, 
fines content value ranges from 55% to 99%. It's also observed 
from Fig. 11 that the correlation between (qc/Pa)/N60 and fines con-
tent, Fc, is almost similar to the previous researchers. 

According to Kulhawy and Mayne (1990), 

(qc/pa)/N = 4.25 − 0.024Fc (%) (14) 

 
Fig. 11 Correlation between the fines content, Fc, and the ratio of 

the CPT tip resistance to the SPT-N value 
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whereas, the current study proposes the correlation as, 

(qc/pa)/N60 = 3.87 − 0.024Fc (%) (15) 

A minor variation is observed due to the variation in fines 
content. The correlation coefficient (R2) for (qc/Pa)/N60 and Fc is 
found 0.11, which indicates a nearly insignificant correlation be-
tween the data through the downward trend is indentified.  

5.6  Determination of qc/N ratios for each type of soil and 
comparison with the literature 

Several researchers have proposed k values (k = qc/N). Some 
authors have used field SPT-N value for developing the qc/N ratio, 
and some have used corrected SPT values. As a result, there are 
numerous varieties. In this study, k values are determined in two 
methods. k value ranges from 0.1 to 1.0.  

5.6.1  Arithmetic Average Method 

Table 10 shows the results of calculating the k-value using the 
average arithmetic approach. It can be seen from Table 10 that 
there is a minor difference in k-values for all and trained data. The 
maximum difference is observed in k-values for silty sand. Table 
11 shows the comparison between k-values from this study and 
previous studies.  

5.6.2  Statistical Method 

Table 12 compares the k-value (statistical method) between 

current research and previous studies. In Tables 11 and 12, it is 
observed that k-values from arithmetic and statistical approaches 
are close to previous studies. For silty clay, the k-value from the 
statistical approach is much smaller than in previous studies, but 
the arithmetic approach is more comparable to previous studies. In 
this study, k-values found from the arithmetic approach are much 
closer to earlier studies than the statistical approach. 

There is a minor difference between the correlations from ex-
isting and present research correlations, which could be caused by 
one or more of the following Jarushi et al. (2015): 

 1. Each of the suggested k-values (qc/N) given in the literature 
was derived by conducting SPT-N, CPT qc and fs, utilizing 
specified in-field procedures. As an example, for field proce-
dures, some studies employed the corrected N. In contrast, 
others used the uncorrected N. CPT data, which were 
achieved using various cone kinds and designs, which could 
have resulted in significantly different values than other cone 
types. The current research uses a donut hammer with 60% 
hammer efficiency. 

 2. The variety of cone types and designs significantly impacted 
the results in the literature. For example, electrical cones in 
sands provide less tip resistance than mechanical cones, while 
the opposite is true for clays and silts Kulhawy and Mayne 
(1990). 

 3. The variance of correlation values was thought to be influ-
enced by regional subsurface features and characteristics. 

 4. The distance between SPT and CPT used to build the corre-
lation could considerably impact the correlation’s quality.

Table 10  Determination of qc/N ratios using the average arithmetic method 

Soil type 
(USCS) 

No. of data pairs, 
Nf 

Summation of k1 
(k1 = qc/N) k = k1/(Nf) k-value 

All Trained All Trained All Trained All Trained 
Poorly graded sand (SP) 126 105 57.28 50.90 57.28/126 50.90/105 0.45 0.48 
Clayey silt (ML) 427 347 88.20 72.17 88.20/427 72.17/347 0.21 0.21 
Silty sand (SM) 32 23 6.89 3.54 6.89/32 3.54/23 0.22 0.15 
Silty clay (CL) 53 49 12.07 10.57 13.12/55 10.57/49 0.23 0.22 

Table 11  Comparison of qc/N ratios (average arithmetic approach) between current research and previous works 

Soil type 
(USCS) 

Current study De Alencar 
Velloso (1959)

Schmertmann 
(1970) 

Akca  
(2003) 

Chin et al.  
(1988) 

Danziger et al. 
(1998) 

Chang  
(1988) All Trained 

Poorly graded sand (SP) 0.45 0.48 0.6 0.3-0.6 0.77 0.5 0.57 − 

Clayey silt (ML) 0.21 0.21 − − − − 0.31 0.18 
Silty sand (SM) 0.22 0.15 0.2 0.3-0.4 0.70 0.4-0.5 0.5-0.64 − 
Silty clay (CL) 0.23 0.22 0.35 − 0.3 − − − 

Table 12  Comparison of qc/N ratios (statistical approach) between current research and previous works 

Soil type 
(USCS) 

Current study De Alencar 
Velloso (1959)

Schmertmann 
(1970) 

Akca  
(2003) 

Chin et al.  
(1988) 

Danziger et al. 
(1998) 

Chang  
(1988) All Trained 

Poorly graded sand (SP) 0.41 0.49 0.6 0.3-0.6 0.77 0.5 0.57 − 
Clayey silt (ML) 0.22 0.19 − − − − 0.31 0.18 
Silty sand (SM) 0.28 0.13 0.2 0.3-0.4 0.70 0.4-0.5 0.5-0.64 − 

Silty clay (CL) 0.10 0.10 0.35 − 0.3 − − − 
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6.  CONCLUSIONS 

This study investigates the relationship between SPT and 
CPT for reclaimed soil by river dredging of the Jolshiri residential 
area located at the extended Dhaka. Mainly, four types of soil have 
been identified in this study: fine sand (SP), silty sand (SM), silty 
clay (CL), and clayey silt (ML). A total of six out of fifteen resi-
dential plots are considered for both SPT and CPT investigation, 
whereas only SPT tests were conducted for the remaining nine 
plots for various numbers of boreholes. After filtration, a database 
of 523 pairs of SPT-CPT data points for different soil properties is 
created, and a good number of SPT-CPT correlation approaches 
have been developed. The key findings of this study are discussed 
below. 
 1. The dredged river sediment primarily consists of fine sand, 

clayey silt, or silty sand. The SPT N60 of the fine sands varies 
in a wide range of 1 to 50. The clayey silt and silty sand ex-
hibit higher skin friction values, whereas silty clay exhibits 
the lowest values of both qc and skin friction. The mean value 
of D50 is 0.103, with a standard deviation of 0.096. The basic 
soil properties of the river sediments present the typical char-
acteristics of the alluvial deposits in the rivers of the South 
Asian deltaic region. 

 2. The relationship between both qc and fs with SPT-N60 is found 
linear. A strong correlation has been observed between qc and 
N60 except for silty sand; R2 values range from 0.61-0.75. A 
moderate correlation has been observed between fs and N60 

except for fine sand where R2 values range from 0.52-0.77.  
 3. A weaker correlation has been observed in the case of a non-

linear relationship between qc and N60, except in silty sand, 
where R2 values are found in a range of 0.39-0.82 

 4. The data training, data filtration, and the removal of out layers 
of the data improved the correlations that have been found 
between qc and N60 for each soil type; R2 values are found in 
a range from 0.77-0.93.  

 5. The relationship between the qc/N ratio and mean grain size 
(D50) is also found satisfactory, which follows a similar trend 
as proposed by Robertson. The general equation is also pro-
posed between qc/pa and D50, where the values of the varia-
bles c and a are found 5.31 and 0.50, respectively. 

 6. The relationship between the qc/N ratio and soil behavior type 
index (Ic) is found less significant, which follows a similar 
trend proposed by previous researchers. Expectedly, a minor 
difference between test and training data has been observed 
in qc/N ratios. 

 7. The k as qc/N values, developed from the average arithmetic 
method, are found much closer to the k values developed by 
previous researchers for each soil type. However, lower qc/N 
ratios have been found for silty sand and silty clay in the cur-
rent research than the values available in the existing litera-
ture. 

Though SPT-CPT correlations are available in the literature 
for different soil types, their global applicability is constrained by 
the intrinsic diversity of the test methodologies and the kind and 
state of the soils studied. The study on reclaimed soil particularly 
when the soil source from river sediments is very limited. There-
fore, the SPT and CPT correlations developed from the actual test 
data manifest a trustworthy correlation in the reclaimed soils of the 

Jolshiri area of Dhaka city or similar other reclaimed soils. Ge-
otechnical engineers may use the regression equations developed 
in this study to find CPT parameters from SPT data for similar 
reclaimed sites. 
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