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Abstract

When designing the substructure of a building or infrastructure, it is
essential to use soil parameters obtained from both laboratory and field
investigations. These parameters help assess actual ground conditions
and estimate reliable bearing capacity on-site. Two common field tests
used for this purpose are the Cone Penetration Test (CPT) and the
Standard Penetration Test (SPT). This study explores the correlation
between the results of these two methods, aiming to achieve more
efficient and cost-effective soil analysis. The analysis draws on data from
a total of 16 points of field investigation—8 from SPT and 8 from
CPT—conducted across the research area. The statistical testing show
that both the correlation coefficient (R) and the coefficient of
determination (R? are close to 1, indicating a strong relationship.
Specifically, the linear model produced values of 0.931 for R and 0.866
for R?; the quadratic model yielded 0.932 and 0.868; and the cubic model
gave 0.950 for R and 0.903 for R The t-test results also indicate that the
N-SPT is statistically significant influence on the qc across all models.
The derived correlation equations between N-SPT and qc are as follows:
Linear model: N-SPT = 0.208 qc + 1.004, Quadratic model: N-SPT =
0.0002 gc? + 0.1859 qc + 1.205, and Cubic model: N-SPT = 0.00001 gc?
- 0.036 qc? + 0.4018 qc + 0.1323.
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Introduction

Soil serves as the foundational support for any construction project, playing a critical role in
bearing the load transmitted by the structure’s foundation (Alielahi et al., 2023; Bowles, 1997; Kar
& Ansary, 2023; M.Das, 2002). In planning a substructure, it is essential to obtain detailed
information about soil parameters, which are derived from both field and laboratory investigations
(Feli¢ et al., 2025; Marzouk et al., 2023; Pinto et al., 2025). These parameters are necessary to
calculate the bearing capacity of the soil at the construction site (Fauzi et al., 2025; Giiner & Ozgan,
2025; Pande et al., 2025). To ensure the accuracy and completeness of this data, a thorough
geotechnical investigation must be conducted—one that relies not on a single type of test, but
incorporates multiple methods of analysis (Arisandi et al., 2017). Soil is formed through various
natural processes, including mechanical and chemical weathering of different types of rock (Amran
& Permadi, 2021; Lee & Sino, 2024; Metboki, 2024). These actions produce various sedimentation
patterns and formations (Jarushi & Cosentino, 2015).

In the process of planning and designing building structures, particularly foundations, soil
investigation plays a critical role that cannot be overlooked (Karthik et al., 2025; Temitope et al.,
2023). The varying soil conditions from one location to another have encouraged other researchers
to conduct research on site-specific correlation from field tests to other soil parameters (Jarushi et
al., 2025; Mangidi et al., 2023; Okodugha et al., 2025; Paul et al., 2025). In Indonesia, two of the
most commonly used methods for assessing soil characteristics at a construction site are the Cone
Penetration Test (CPT), often referred as the Sondir Test, and the Standard Penetration Test (SPT)
(Miranda et al., 2025). Due to its simplicity, the SPT is the most used field investigation test around
the world (Paul et al., 2025; Wadi et al., 2025). It provides information about the resistance and
properties of soil (Arifuzzaman & Anisuzzaman, 2022; Ifat & Rahman, 2024; Izzo & Mileti¢, 2019).
Also, with different soil properties there are many correlations of the SPT-N value (Alam et al.,
2018; Costa et al., 2016; Faivre et al., 2023; Feda Aral & Gunes, 2017; Geotechnics et al., 2014;
Jarushi & Cosentino, 2015; Nabila et al., 2023; Shahgholian et al., 2022; Sudjatmiko, 2022; Zhou
et al., 2021). On the other hand, CPT are more reliable alternative to SPT due to its repeatability,
standardization, and reliability (Nabila et al., 2023).

The CPT is a soil exploration method performed without drilling, where a steel cone is
driven into the ground with constant rate by hydraulic force. During penetration, the equipment
records two key parameters: tip resistance and sleeve friction. These values can estimate soil
bearing capacity based on empirical formulas, identify vertical changes in soil layers, and detect
soft or hard layers at specific depths (Nahesson et al., 2022; Sudjatmiko, 2022). One of the main
advantages of this method is its speed in collecting continuous data, making it especially useful for
obtaining a comprehensive subsurface profile. A key application of the CPT is the determination
of soil stratigraphy and soil type.

The SPT is carried out by drilling into the ground. At certain depths, a sampler is driven into
the soil by repeatedly dropping a heavy hammer. The number of hammer blows needed to push
the sampler 300 mm into the ground is recorded as the N-value. This value gives an indication of
how dense or stiff the soil is and helps estimate its strength and ability to support loads.
Additionally, soil samples retrieved during the test can be visually examined to determine soil type,
texture, and colour—important factors in constructing an accurate geotechnical profile (Haifani,
2021; Ifat & Rahman, 2024).

These two methods are often used together in a single site investigation program, as they
complement each other. CPT provides fast and continuous data without requiring soil samples,
while SPT offers descriptive insights supported by physical samples. By combining results from
both tests, it can develop a more reliable understanding of subsurface conditions, leading to
foundation designs that are safe, efficient, and tailored to the specific characteristics of the site.
SPT and CPT are commonly applied in both preliminary and detailed soil investigations, as well
as in construction quality control, depending on project requirements (Lee & Sino, 2024; Zhou et
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al., 2021). Consequently, establishing correlations between SPT N-values and CPT tip and sleeve
friction resistances is essential to optimize the utilization of both datasets (Sudjatmiko, 2022).

Numerous studies have employed statistical methods to develop correlations for estimating
cone resistance (qc) and friction resistance (fs) from across a wide range of soil types SPT data
(Costa & Cunha, 2016). However, many researchers have examined the SPT—CPT correlations to
local soil conditions and found that previous correlations often lacked geological considerations
and did not clearly address the statistical methods used in the analyses (Faivre et al., 2023).

Research Methods

Topographically, the site is characterized by relatively flat terrain. The land use in the area is
predominantly oil palm plantations, with portions consisting of former fishponds and mangrove-
like forest ecosystems near the coastal region. The figure below presents an overview of the
location and the mapping area of field investigations.
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Figure 1. Soil investigation locations

Table 1. Field investigations data for SPT and CPT Tests

N- CR N- CR N- CR N- CR N- CR N- CR N- CR N-
Depth  gpT  (kg/cm2) SPT (kg/cm2) SPT (kg/cm2) SPT (kg/cm2) SPT (kg/cm2) SPT (kg/cm2) SPT  (kg/cm2) SPT
(m) BHI1 S2 BH2 S4 BH3 S3 BH4 S5 BH5 S6 BHo6 S7 BH7 S9 BHS
2.45 1 2 1 2 1 2 1 1 1 2 1 3 1 1 1
4.45 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6.45 1 1 1 5 1 2 1 2 1 3 1 1 1 2 1
8.45 1 5 1 1 1 3 1 2 1 2 1 2 1 1 1
10.45 1 8 1 4 1 6 2 2 2 3 1 3 2 2 1
12.45 1 5 2 8 1 6 2 3 1 6 2 3 2 2 1
14.45 2 10 3 7 2 14 2 3 2 6 2 3 3 4 2
16.45 2 8 5 20 3 11 2 7 8 13 3 8 4 15 3
18.45 4 12 7 34 11 20 10 49 20 53 4 13 9 47 10
20.45 5 46 18 40 18 42 16 67 20 56 2 15 12 81 14
22.45 9 42 22 91 22 30 12 82 22 81 5 20 14 78 16
24.45 16 103 27 156 22 117 20 116 28 124 8 26 19 91 53
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In order to correlate the SPT and CPT results, the closest (in plan) CPT point to each SPT
borehole was selected, defining a SPT-CPT pair (Shahgholian et al., 2022b). To achieve the
objectives of the subsurface investigation, a total of 8 points of deep boring and 8 points of CPT
were carried out within the study area.

The tools used in this study are the SPSS program and Microsoft Office to process the
selected secondary data from the study location. The steps of the research are presented in the

following flowchart.
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Figure 2. Flowchart for the research

Regression analysis serves as a statistical approach to quantitatively model the relationship
of two or more variables, wherein the dependent and independent variables are clearly defined.
The resulting regression equation represents the line that characterizes the nature of this
relationship. This analytical framework includes both simple linear regression (LR) and non-linear
regression (NLR) techniques, where it depends on the complexity of the data and the underlying
patterns observed.

In a LR model, two variables are considered: an independent variable (x) and a dependent
variable (y). The regression relationship between these variables can be expressed in the following

general form:
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Y=a+ba+e
Where:
* v = dependent variable
* a = independent variable
* a = intercept
* b = regression coefficient (slope)
* £ = errof term

NLR models is used to estimate the relation dependent and/or independent variables when
the pattern of association is not adequately represented by a linear function. This method often
yields greater accuracy compared to linear regression, as it utilizes iterative algorithms to estimate
model parameters.

There are two commonly applied forms of NLR models: the quadratic regression model and
the cubic regression model.

The general equations of the quadratic regression model (Jarantow et al., 2023) is:

y=atbatcal

And the general equations of the cubic regression model (Jarantow et al., 2023) is:

y=atbat+tca2+dal

Where:

* v = dependent variable

* a = independent variable

* a, b, ¢, d = model coefficients

The fundamental assumption tested in this both (LR and NLR) analysis is the assumption
of normality. A normality test is conducted to check whether the data follow a normal distribution
or not. Data that are normally distributed exhibit a symmetric and standardized pattern of spread.
This distribution is characterized by two parameters: the mean and the standard deviation.
Specifically, a standard normal distribution has a mean of 0 and a standard deviation of 1. When
visualized in a graph, the curve of a normal distribution takes the shape of a symmetrical bell-
shaped curve. There is ongoing debate regarding the importance of the normality assumption, as
it is rarely fully met and its influence diminishes with increasing sample size (Gelman & Hill, 2000).
Spearman’s rank correlation is a non-parametric statistical technique used to measure how strongly
two variables are related and to identify whether their relationship follows a consistent increasing
or decreasing trend. Rather than relying on the actual numerical values, this method is based on
the ranked positions of the data, which makes it suitable for analyzing relationships that are
monotonic but not necessarily linear. Spearman’s rank correlation does not depend on the
assumption that the data are normally distributed. As a result, it can be effectively applied to data
measured on ordinal, interval, or ratio scales, particularly when the data contain outliers or exhibit
non-normal behavior. This flexibility makes Spearman’s method especially useful in practical and
engineering-related studies where ideal statistical assumptions are often difficult to satisfy.

The Spearman rank correlation coefficient, commonly denoted by the symbol o (tho), takes
values within the range of —1 to +1. A value close to +1 reflects a strongly increasing monotonic
association between two variables, whereas a value near —1 represents a strongly decreasing
monotonic association. A coefficient around zero suggests that there is no consistent monotonic
pattern linking the variables. Unlike parametric correlation measures, Spearman’s coefficient is
derived from the ranked order of the observations rather than their actual numerical magnitudes.
This rank-based approach allows the method to remain effective even when the relationship
between variables is non-linear or when the data deviate from a normal distribution. Consequently,
Spearman’s correlation is particularly well suited for analyzing datasets that violate common
parametric assumptions or contain irregular distributions (Lobo & Guntur, 2018).

Hypothesis testing in the regression model is conducted using the t-test. A statistically

198 -



Jurnal Pensil : Pendidifan Teknik Sipil

significant result implies that the discerned relationship is unlikely to have take place by random
chance and is therefore generalizable to the broader population. In this context, significance is
typically assessed using a predetermined significance level (e.g., « = 0.05), with p-values indicating
the probability of observing the given result under the null hypothesis, when the p-value < o level,
the hypothesis is rejected, suggesting that the independent variable has a meaningful impact on the
dependent variable (Arisandi et al., 2017).

Research Results and Discussion

In statistical analysis, scatter plots are used to illustrate the relationship between two
variables, and Pearson’s correlation is frequently employed to quantify this relationship through
the correlation coefficient (Wadi et al., 2022). Spearman’s or Kendall’s correlation does not assume
any specific data distribution and is more appropriate when:
¢ The given data is not normally distributed
* The relationship between variables is non-linear
* Outliers are present

Based on the Spearman correlation test conducted on both data sets (N-SPT values and
cone resistance/qc from the CPT test), a Spearman correlation coefficient of 0.892 was obtained,
marked with two asterisks (*¥), indicating that the p-value is less than 0.01. Furthermore, a p-value
of less than 0.05 indicates that the data sets are statistically significant, confirming a strong
association between the N-SPT results and the qc values from the CPT test.

Table 2. Nonparametric correlations (Spearman) test result

qc N-SPT
Cotrelation
*ok
Coefficient 1.000 0.892
a Sig. (2-tailed) 0.000
Spearman’s tho N % 5
Cortrelation
*ok
N-SPT Coefficient 0.892 1.000
_ Sig. (2-tailed) 0.000
N 96 9

** Correlation is significant at the 0.01 level (2-tailed)

NSPT

® Chsawvad
¢ w—Linoar
==+ Quadratic
= *Cubic
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50.00
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Figure 3. Linear, Quadratic, and Cubic Regression Line of N-SPT vs qc using SPSS

Evaluation of The Correlation. ..~ 199
Wintoro, Bayu, et al.



Jurnal Pensil : Pendidikan Teknik Sipil

Linear Model

The linear regression equation for this model is N-SPT = 0.208 qc + 1.004. From Table 3,
the R value of 0.931 demonstrates a very strong positive relationship of the independent variable,
cone resistance (qc), with the dependent variable, N-SPT value. This high correlation indicates that
increases in qc are closely associated with increases in N. In addition, the R* obtained from the
analysis is 0.860, indicating that a substantial portion of the variation observed in the dependent
variable is accounted for by the proposed model. In practical terms, this result means that
approximately 86.6% of the changes in the dependent variable can be explained by the relationship
captured in the regression equation. This high R? value reflects the strong explanatory performance
of the model in representing the underlying data. The remaining 13.4% of the unexplained
variation is likely influenced by other factors not considered in the analysis, such as inherent
variability in soil conditions, measurement uncertainty, or additional parameters beyond the scope
of the current study.

Furthermore, the results presented in Table 4 show a t-value of 24.683, which is significantly
higher than the critical t-value of 2.262 at a 5% level of significance. This result confirms that the
independent variable has a statistically significant influence on the dependent variable. Therefore,
the relationship between qc and N is not only strong but also statistically reliable, supporting the
validity of the developed model.

Table 3. Output of correlation coefficient and determination coefficient for linear model

Adjusted R Std. Error of

R RS
quare Square the Estimate

0.931 0.866 0.865 3.183

The independent variable is qc.

Table 4. Output of Linear Regression Equation

Coefficient Standardized
oefficients
Unstandardized B Coefficients t Sig.
Std. Error
Beta
qc 0.208 0.008 0.931 24.683 0.000
(Constant) 1.004 0.388 2.590 0.011

Quadratic Model

The quadratic regression equation for this model is N-SPT = 0.0002 qc* + 0.1859 qc +
1.205. This form of regression suggests that the increase in N-values changes with increasing qc,
reflecting the complex behavior of soil resistance as measured by CPT and SPT methods. Such a
nonlinear relationship is reasonable, considering variations in soil density, stress conditions, and
material properties at different depths.

From in Table 5, the R value of 0.932 demonstrates a very strong positive relationship in the
qc and the N-value. This high correlation confirms that qc is closely associated with changes in N-
values. In addition, the R* is 0.868. This slightly higher explanatory power compared to a linear
model suggests that the quadratic form provides a better representation of the relationship in qc
and N-SPT.

Furthermore, the t-test results shown in Table 6 reveal a calculated t-value of 8.661, which
is significantly greater than the critical t-value of 2.262 at the 5% significance level. This result
confirms that the qc has a statistically significant influence on the N-SPT. Therefore, the proposed
quadratic model is not only statistically significant but also reliable for predicting N-values from
cone resistance (qc) within the range of data analyzed.
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Table 5. Output of Correlation Coefficient and Determination Coefficient for Quadratic Model

Adjusted R Std. Error of

R RS
quare Square the Estimate

0.932 0.868 0.865 3.178

The independent variable is qc.

Table 6. Output of Quadratic Regression Equation

Coefficient Standardized
oefficients
Unstandardized B Coefficients t Sig.
Std. Error
Beta
qc 0.186 0.021 0.832 8.661 0.000
qc ** 2 0.000 0.000 0.108 1.121 0.265
(Constant) 1.205 0.427 2.825 0.006

Cubic Model

The cubic regression equation for this model is N-SPT = 0.00001 qc® - 0.036 qc* + 0.4018
qc + 0.1323. From Table 7, the R value of 0.950 indicates a very strong positive relationship
between the qc and the N-SPT. This high correlation suggests that variations in qc are closely and
consistently associated with changes in N-values, highlighting the strong interdependence between
the two parameters. Such a strong relationship reflects how the model to capture the underlying
soil behavior measured by both CPT and SPT methods.

Moreover, the R? is 0.903, indicating that about 90.3% of the variation in the N-SPT is
accounted for by the model. This strong explanatory ability tells that the model fits the observed
data very well, with only a small proportion of the variability in N-values attributed to factors
outside the model. When compared to earlier models, this outcome reflects improved accuracy
and greater reliability in prediction.

Additionally, the t-test results presented in Table 8 show a computed t-value of 9.551, which
is much higher than the critical t-value of 2.262 at the 5% significance level. This demonstrates
that the qc has a statistically significant effect on the N-SPT. Therefore, the relationship described
by the model is both strong and statistically sound, confirming its appropriateness for estimating
N-values from cone resistance (qc) data within the context of this study.

Table 7. Output of Correlation Coefficient and Determination Coefficient for Cubic Model

Adjusted R Std. Error of

R RS
quare Square the Estimate

0.950 0.903 0.900 2.745

The independent variable is qc.

Table 8. Output of Cubic Regression Equation

Coefficient Standardized
oefficients
Unstandardized B Coefficients t Sig.
Std. Error
Beta
qc 0.402 0.042 1.797 9.551 0.000
qc ** 2 -0.004 0.001 -2.295 -5.357 0.000
qc **3 1.438E-5 0.000 1.572 5.716 0.000
(Constant) 0.132 0.413 0.320 0.750
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The study demonstrates that empirical correlations are best applied within the regions and
soil conditions under which they were developed. If used outside these contexts, they should be
treated as indicative only, and supplementary in-situ testing is advised (Zhou et al., 2021). The
strong correlation obtained in this study is consistent with several previous studies that reported a
significant relationship between SPT and CPT parameters in geotechnical investigations. Previous
researchers generally found that qc values tend to increase proportionally with N-SPT values,
particularly in granular and stiff-cohesive soils, although the degree of correlation may vary
depending on local geological conditions, soil type, groundwater conditions, and testing
procedures. Compared to earlier empirical correlations, the correlation coefficient obtained in this
study (r = 0.892) indicates a relatively high level of agreement, suggesting that the soil conditions
at the study site exhibit consistent behavior between penetration resistance measured by SPT and
cone resistance measured by CPT.

In addition, the regression trend observed in this study demonstrates a similar pattern to
previously developed empirical models, where higher cone resistance values correspond to greater
SPT blow counts. However, slight deviations from previous regression equations may occur due
to differences in soil stratification, soil density, fines content, and regional geological
characteristics. These findings reinforce the applicability of CPT data as a reliable predictor for
estimating SPT values in preliminary site investigations, particularly when rapid and continuous
subsurface profiling is required. Therefore, the regression relationship developed in this study can
provide a useful local empirical reference for geotechnical characterization and foundation design
in areas with similar soil conditions (Shahgholian et al., 2022b; Sudjatmiko, 2022b).

Conclusion

The statistical analysis revealed strong correlations between the N-SPT and qc values across
all tested regression models. The correlation coefficient (R) and coefficient of determination (R?)
approached values close to 1, indicating a high degree of fit. Specifically, the linear model yielded
R =0.931 and R* = 0.8060, the quadratic model showed R = 0.932 and R* = 0.868, while the cubic
model produced R = 0.950 and R* = 0.903. Furthermore, t-test results confirmed that the qc
variable has a statistically significant effect on the N-SPT variable in all three models. The
regression equations derived from the analysis are as follows: Linear model: N-SPT (linear) = 0.208
qc + 1.004, Quadratic model: N-SPT(quadratic) = 0.0002 qc* + 0.1859 qc + 1.205, and Cubic
model: N-SPT/(cubic) = 0.00001 qc® - 0.036 qc* + 0.4018 qc + 0.1323. These results suggest that
all three regression models provide a strong basis for estimating N-SPT from qc, with the cubic
model offered a slightly better fit, albeit with marginal improvement over the quadratic and linear
models.

The strong statistical relationship observed in this study also highlights the practical
advantages of integrating CPT and SPT data in geotechnical investigations. By establishing a
reliable correlation between qc and N-values, engineers can reduce reliance on extensive SPT
drilling in certain conditions, thereby improving efficiency in both time and cost. This approach is
highly beneficial for large-scale projects or sites with limited accessibility, where CPT testing can
provide continuous subsurface information more rapidly. Despite these advantages, the
applicability of the developed correlation remains dependent on local soil conditions and testing
consistency. Variations in soil composition, stress history, and depositional environment may
influence the relationship between qc and N-values. As such, calibration using site-specific data is
recommended when applying the correlation to new locations. This ensures that the estimated
parameters remain representative of actual field conditions and reduces the risk of
misinterpretation.

Future studies may further improve the reliability of SPT—CPT correlations by incorporating
additional variables such as soil classification, fines content, and effective overburden stress.
Expanding the database with more test results across different soil types and geological settings
would also help refine the model and broaden its applicability. Such efforts would contribute to
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more robust and versatile correlations for use in geotechnical design and site investigation
practices.
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